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Addressing Critical Issues in
Cell and Gene Therapy Manufacturing
How to Achieve Cost-Effective Transient Transfection
Using GMP Raw Materials
Josh Snow

A

dvances in viral vector technology have increased the
safety and efficacy of gene therapies, leading to
approvals of several treatments by the US Food and
Drug Administration (FDA), European Medicines
Agency (EMA), and other regulatory agencies. Those successes
have led to the development of hundreds of candidate drugs
targeting a growing array of diseases, including not only rare
genetic disorders, but also diseases that afflict much larger
patient populations.
New robust, scalable solutions for manufacturing costeffective, high-quality viral vectors will be essential to support
the commercialization of new therapeutics. Increasing vector
titers obtained following transient transfection of plasmids to
generate adenoassociated virus (AAV) and lentivirus (LV)

vectors is an approach that could have an immediate,
measurable impact. A novel transfection reagent and associated
enhancers from Mirus Bio have been designed to increase
yields of AAV and LV vectors in suspension and adherent cells
by a factor of two to 10. They are commercially available in
research, intermediate, and good manufacturing practice (GMP)
grades to support accelerated development of viral vector
production processes from laboratory to large scales.
Below, Laura Juckem, PhD (vice president of scientific
operations at Mirus Bio) discusses trends in gene therapy, the
need for improved manufacturing processes, reliable GMP
raw-material sourcing, her company’s GMP transfection
reagent solution, and what future developments she
anticipates.

Figure 1: We compared the performance of lipid–polymer nanocomplex (LPNC)- and polyethylenimine (PEI)-based transfection reagents
for adenoassociated viral (AAV) and lentiviral (LV) vector production. AAV (left) and LV (right) were produced using LNPC-based TransITVirusGEN reagent without and with enhancers, 25 kDa PEI, and PEI-based Competitor A3 reagent. For both AAV and LV production,
three- to fivefold higher expression of viral particles was achieved with LPNC-based reagent than with PEI-based formulations. About a
twofold increase was achieved when the LPNC-based reagent and enhancer were used together compared with the use of LPNC reagent
alone. Reagent:DNA ratio is represented as volume:weight.
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Figure 2: The performance of lipid–polymer nanocomplex (LPNC) transfection reagent in different cell-culture media was studied.
Transfection was performed using viral production cells from Thermo Fisher Scientific adapted to four different media formulations:
LV-MAX production medium, Expi293 expression medium, and FreeStyle F17 expression medium from Thermo Fisher and BalanCD
HEK293 medium from Irvine Scientific. Higher overall AAV titer was observed with the latter medium, but the LPNC-based transfection
reagent agent performed well without and with enhancer in all media used. Cells were transfected at 2.0 × 106 cells/mL with 3-μL reagent
per 2-μg DNA. Similar results were obtained for LV vector production (data not shown).
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Figure 3: Physical and functional titers were assayed for lipid–polymer nanocomplex (LPNC)- and polyethylenimine (PEI)-based
transfection reagents for four different transfection conditions and two different harvest points. Expi293F cells were transfected to
generate AAV2-GFP. Viral titers assessed at 48 and 72 hours posttransfection either by functional assay to determine TU/mL (left) or by
Droplet Digital polymerase chain reaction (from Bio-Rad) to determine GC/mL (right). The LPNC-based reagent and enhancer produced
the highest titers. In addition, the LPNC-based reagent led to expression sooner than observed with the PEI-based reagents. These results
suggest that functional titer may be a more reliable measurement for the transduction potential of a virus population. Thus, testing several
harvest time points is recommended to determine the optimal solution for each culture.
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Gene Therapy Manufacturing

How has gene therapy manufacturing changed over time, and
what are the current pain points? Most currently available
gene therapies are delivered using viral vectors. AAV vectors
are most often implemented for direct gene delivery, and LV
vectors are most often used to produce genetically modified
cell therapies. At small scales, viral vectors typically are
produced in adherent cells in stacked trays and with the use
of highly manual processes, which are not amenable to
industrial scales. The introduction of large-scale processing
with automated solutions has enabled scale-up in GMP
4
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settings to a capacity sufficient for currently approved gene
therapies that target rare and orphan diseases for small
patient populations.
Current gene therapies in development, however, are
targeting diseases that afflict larger patient populations,
including hemophilia, Duchenne’s muscular dystrophy, and
Parkinson’s disease. Unlike the “first wave” of gene therapies,
which are injected directly into local sites of affected tissues,
“second-wave” gene therapies often involve systemic delivery.
As a result, the doses for such therapies are orders of
magnitude larger. To meet that 100–1000× greater demand
Sponsored

Figure 4: Lentivirus production in adherent cell culture of HEK 293T/17 cells grown in Dulbecco's Modified Eagle medium (DMEM) + 10%
fetal bovine serum, 1 µg DNA/mL. Kit includes TransIT-VirusGEN transfection reagent, VirusGEN LV complex formation solution, and
VirusGEN LV enhancer.
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Confluency at Transfection
Cell confluency and seeding density should be optimized for each cell culture system.
and provide a high level of robustness, quality, and ease of
use, current manufacturing technologies must advance.
Today’s processes are not sufficiently scalable or costeffective, making them unsustainable.
What aspects of gene therapy manufacturing can be
improved? The key step is production of a desired viral vector.
Some vectors are produced by infection of insect cells (e.g.,
Spodoptera frugiperda cell line) with baculovirus or using
recombinant herpes simplex virus, but the most common
approach is transient transfection of human embryonic
kidney (HEK)293 cells with three or four plasmids.
The development of reliable producer and packaging cell
lines is underway, but they do not offer a near-term solution,
so researchers are focusing on improving transient
transfection. One avenue is to move away from adherent
processes to suspension processes using modified HEK293
cells to achieve scalability and leverage existing bioreactor
technology. New bioreactors also have been introduced that
enable high-density, scalable adherent processes. Other
important developments include the use of chemically defined
media to optimize culture conditions and improved
downstream processing techniques.

THE BEST APPROACH to

optimizing nonviral-transfection performance
is to design reagents that mimic as closely as
possible the natural mechanisms that viruses
use for DNA transport.

How does the performance of transfection reagents differ in
gene therapy and why? A transfection reagent is one of the
most important components in the development of gene

therapies. The choice of transfection reagent can influence
process yields and functional titer dramatically.
First-generation, nonviral-transfection methods rely on
simple, linear polymers such as polyethyleneimine (PEI) or
liposomes that transport DNA to cells. Although such reagents
can help deliver nucleic acid cargo to cells, their performance
seems to be a limiting factor in process intensification for
viral vector manufacturing. Synthetic gene delivery
approaches have made tremendous advances over the past
three decades, but nature has refined gene delivery over
billions of years. Thus, the best approach to optimizing
nonviral transfection performance is to design reagents that
mimic as closely as possible the natural mechanisms that
viruses use for DNA transport.
Mirus Bio has used natural gene delivery mechanisms as
inspiration for the rational design of its compound libraries.
We use those libraries to screen for blended formulations
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Figure 5: AAV was produced in suspension cell culture of Expi293F cells grown in Expi293 expression medium with a VirusGEN AAV
transfection kit, which includes TransIT-VirusGEN transfection reagent and VirusGEN AAV complex formation solution and enhancer. To
identify the ideal reagent:DNA (vol:wt) ratio, a titration of DNA was performed at 2:1 (left) and 3:1 (right). The reagent:DNA ratio and
total DNA delivered per milliliter of culture should be optimized for each experimental system.
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We have been able to demonstrate that our
LPNC-based transfection reagents BOOST
YIELDS and functional virus titers across
different cell-culture platforms (adherent and
suspension), bioreactor conditions, and media
types.
that perform optimally for virus production, taking into
account all key elements of a successful transfection:
electrostatic interaction with nucleic acid, cell binding and
uptake, endosomal release, gene expression, and minimal
cytotoxicity.
The resulting formulations that we have developed over
the past few years incorporate what we now refer to as
biomimetic transfection technology. It is not solely polyamineor liposome-based, but instead relies on multicomponent
lipid–polymer nanocomplexes (LPNCs). They are extremely
effective at binding and condensing packaging and transfer
vector DNA, bringing it into suspension and adherent HEK293
cells, and then releasing it from endosomes to allow for
expression of two to four different plasmids at the same time.
That helps generate AAV and LV vector titers that are higher
than those accomplished with PEI-derived polymers or
liposomes alone.
Mirus Bio also has developed fully synthetic (animal-origin
free) enhancers that in many cases have enabled even higher
viral titers when used with TransIT-VirusGEN transfection
reagent. These products are optimized for either AAV or LV
production and influence cellular processes that enable the
HEK293-derived cells to produce more virus.
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Transfection Reagent Quality
and Regulatory Considerations

Have you conducted comparisons to investigate different
transfection reagent approaches? We have been able to
demonstrate that our LPNC-based transfection reagents boost
yields and functional virus titers across different cell-culture
platforms (adherent and suspension), bioreactor conditions,
and media types. We’re observing a minimum of 2× to 4×
higher virus titers than those achieved with other gold
standards in the industry without using our enhancers. With
the enhancers, over 10-fold increases in yields have been
achieved, depending on experimental conditions. Figures 1–5
show selected results.
How does a two- to 10-fold increase in viral vector titers
influence manufacturing strategies? With high yields,
biomanufacturers can make large numbers of doses, which
can drive down the costs of therapies and supply treatments
to address large patient populations. For lower-dose gene
therapies, boosting titers by even a factor of two can make it
possible to scale down a process or make fewer batches to
produce the same amount of product. For newer products
with high dosage requirements, it may be possible to meet
their dose demands using existing equipment. Overall,
achieving higher viral vector titers results in cost and time
savings, which ultimately accelerates therapeutic
development.
What are the quality and regulatory considerations
surrounding transfection reagents used in gene therapy
manufacturing? Transfection reagents are considered to be
ancillary materials, which are not intended to be present in
final drug products. Although no global regulations define
the regulatory and quality requirements for ancillary
materials explicitly, regulatory guidance that takes a riskbased approach does exist (1–4). Ultimately, the burden falls
on biomanufacturers of gene and gene-modified cell therapies
Sponsored

to develop a comprehensive qualification program for
ancillary materials. In general, the industry is moving toward
using the safest and highest-quality materials across the
entire manufacturing process. Establishing reliable supply
chains also is essential and requires having systems in place
for controlling raw materials.
Several ancillary materials today are available in research,
intermediate, and current good manufacturing practice
(CGMP) grades. They can support different stages in clinical
development, from discovery through clinical trials and into
commercial manufacturing. Therapeutic manufacturers often
take a risk-based approach by weighing the benefits of
increased, quality-related testing and processes against the
cost of high-grade materials.
What goes into manufacturing a GMP transfection reagent?
Such reagents must be efficient and reliable. They must
comply with all related regulations and should enable
manufacturing flexibility. All GMP materials must be
produced using validated, GMP processes for manufacture,
formulation, and fill–finish, starting with the use of GMP
critical raw materials. Those materials also must be robust,
and their processing must be consistent and reproducible.
In addition to quality documentation that includes, for
example, testing results for identity, endotoxin, mycoplasma,
and sterility, specially designed supporting assays such as
stability-indicating assays and residual-reagent assays
should be available to customers of GMP transfection
reagents for comprehensive analysis of their gene and genemodified cell therapy products. For our LPNC-based
transfection reagent and enhancers, Mirus Bio has
demonstrated similar performance from batch to batch and
across our research, intermediate, and GMP grades. Our
transfection reagents can be used for both AAV and LV
vectors in different adherent and suspension HEK293 cell
lines and cell-culture formats, including single-use systems
and 200-L bioreactors. Mirus Bioʼs full product line helps
biomanufacturers minimize safety and regulatory risks
during development and scale-up of transient transfection
processes.
In collaboration with a leading contract testing laboratory,
Mirus also has developed an assay for detecting transfection
reagents from final virus preparations. That assay is available
to customers who use our GMP transfection reagent. No
commercial license or reach-through royalties are required to
use our LPNC-based reagent for research and manufacturing.

Future Goals

What does the future hold for transfection in gene therapy
manufacturing? Mirus Bio is excited to introduce a new
transfection technology for use in discovery through
commercial applications. This technology helps generate
yields and functional titers that are larger than those
produced by using PEI- and lipid-based reagents. There is
much still to be learned about the transient transfection
process. How can we maximize titers for different serotypes?
How does the transfection reagent affect virus quality,
particularly with respect to the production of full, partial, and
empty capsids? Questions also must be addressed regarding
Sponsored

Partnership Announcement
Mirus Bio, an innovator in transfection technologies, has announced
that it is entering into a partnership with Gamma Biosciences, a global
life sciences company serving the advanced therapy market. Gamma
has agreed to make a controlling investment in Mirus Bio. Current
Mirus shareholders will retain a substantial equity ownership stake in
the company. The transaction will support Mirus Bioʼs plans to expand
GMP production and commercialization of its TransIT- VirusGEN
flagship product for large-scale manufacturing of AAV and LV-based
viral vectors for gene therapy as well as further development and
commercialization of the platform for in vivo delivery applications.
Demand for efficient and scalable gene-delivery technologies
continues to increase as larger volumes of viral vectors are required
to support the growing number of gene therapies in development.
TransIT-VirusGEN reagent and Mirus Bioʼs portfolio of additional
products and services enable customers at both research and clinical
scales to achieve cost-effective, industry-leading, functional titers.
Mirus will leverage Gamma Bio’s strategic and commercial resources
and will work closely with its other operating companies (including
Univercells Technologies, Astrea Bioseparations, Nanopareil, and
Biomagnetic Solutions) to deliver an increasingly comprehensive
range of solutions for the advanced therapies industry.

potency and its relation to physical titers such as genome
copies and capsid content to achieve high quality viral
vectors. Those are areas that we are focusing on now, and we
expect to uncover more interesting questions as we move
forward.
We also are committed to quality and regulatory support,
and plan to submit a drug master file to the FDA to streamline
the use of our GMP-grade LPNC transfection reagent in
biomanufacturing. We believe strongly that all further
improvements in transfection efficiency have significant
potential to reduce development time and cost and ultimately
to increase patient access to advanced gene and cell therapies.
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With industry-leading performance in high-titer virus manufacturing, the VirusGEN® GMP Viral Vector Production Platform offers a simplified, cost-effective workflow, making it the superior
choice for large-scale therapeutic lentivirus and adeno-associated virus (AAV) production.

Request a free sample or learn more about VirusGEN® GMP:

www.gmptransfection.com
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