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Utilizing a media panel rapidly
accelerates media optimization
for AAV manufacturers

Céline Martin & Jennifer Zatina

Gene therapies offer great promise for the future of medicine, with adeno-associated viral
(AAV) vectors emerging as one of the leading delivery vehicles for these innovative thera-
pies. However, the production of AAV-based therapies using HEK293 cells is a complicated
process. Regulatory agencies have created expedited approval pathways for these promis-
ing, but complex, therapeutics. However, developers face important time constraints in de-
veloping robust manufacturing workflows. For these reasons, a successful chemicals, man-
ufacturing, and control (CMC) strategy must be established as soon as possible to prevent
delays during clinical trials. To support the implementation of this strategy, AAV manufac-
turers are looking for solutions to accelerate process and analytical development, notably
those that can help with the selection and optimization of a suitable cell culture medium.
The Gibco™ Viral Vector HEK Media Panel is the first panel solution for gene therapy man-
ufacturers, and it has the potential to accelerate media optimization. The following article
describes how the media panel can be used to quickly identify media candidates for multiple
HEK293 cell lineages.
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Gene therapy is a rapidly growing field of  viruses (AAV) are emerging as one of the lead-
medicine that uses viral vectors to deliver ing delivery vehicles. This is due to the lack
genetic material to cells to compensate for  of disease associated with the wild-type virus
abnormal, faulty, or missing genes. Of these and its ability to transduce dividing as well
viral vectors, recombinant adeno-associated  as nondividing cells. There are also multiple
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serotypes available, including those that can
be engineered with differing cell type selec-
tivity and immunogenicity, which developers
can exploit for more specific therapies. The
availability of these serotypes increases the us-
ability of the vector, advancing the commer-
cial potential of AAV-based gene therapies.

AAV-based gene therapies are seeing rapid
growth, with multiple products already ap-
proved and over a hundred in clinical trials [1],
which has fueled the demand for cGMP pro-
duction solutions and the expansion of manu-
facturing capacity for viral vectors. Regulatory
agencies such as the US Food and Drug Ad-
ministration (FDA) and the European Medi-
cines Agency (EMA) have given gene therapies
expedited regulatory approval pathways. These
initiatives include Fast Track designation and
Breakthrough Therapy status from the FDA
[2] and the PRIME scheme from the EMA
[3]. For this reason, commercially viable and
scalable supply chains need to be established
as early as the beginning of a Phase 1 clinical
trial, with a robust chemicals, manufacturing,
and control (CMC) strategy in place as soon
as possible to prevent delays in getting AAV
products to late-stage clinal trials.

As a result, manufacturers are focused on
developing and improving scale-up and ana-
lytical assays to generate highly pure and po-
tent AAV vectors. One step toward this goal
is the selection and optimization of a suitable
cell culture medium.

MEDIA OPTIMIZATION
CHALLENGES

AAV vectors are typically produced using
HEK293 cells due to their reliable growth and
the efficiency and success of transfection. The
cell culture medium used to grow these cells
will impact the final quality of the viral vector
products and viral titers but optimizing a sin-
gle medium for a variety of HEK293 cell lines
is difficult. Different HEK293 lineages have
varying gene expression profiles [4]. Along
with the effect that adaptation to suspension
has on metabolism [4], this results in specific
cell-dependent requirements that necessitate
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considerable cell bank—specific medium
optimization.

Selecting the optimal medium for an AAV
manufacturing workflow has the potential to
not only improve titers, but also improve viral
particle quality, and it will ultimately simpli-
fy the scale-up process. Unfortunately, media
formulations are complex and composed of
potentially over a hundred components, all of
which play a significant role in cell growth and
productivity. Optimizing formulations effec-
tively can require in-depth analysis of the key
performance drivers in the formulation. This
medium optimization process is time-con-
suming, and gene therapy manufacturers must
balance this with the accelerated timelines in-

troduced by regulators to prevent delays.

OPTIONS AVAILABLE FOR MEDIA
OPTIMIZATION

When it comes to media optimization, AAV
developers and manufacturers have previ-
ously only had two options. The first is the
development of a proprietary formulation
designed specifically for the cell line and
process. However, the development of a pro-
prietary formulation requires lengthy R&D
studies and significant investment, followed
by extensive sourcing and qualification of raw
materials for manufacturing. For this reason,
many developers opt for the second option
of off-the-shelf catalog formulations, which
are readily available. This, however, does not
account for the time taken to find and select
a medium suitable for optimization. As most
catalog formulations aren’t designed for spe-
cific cell lines or processes, developers need
to spend considerable time evaluating media
from several suppliers after early proof-of-
concept studies. Once a medium is selected,
additional time is needed to further optimize
it to improve process performance as they
scale up and optimization need to be repeated
for different iterations of a platform process.
Media panels are a new third option for
AAV manufacturers. Media panels contain a
diverse set of formulations that offer the great-
est amount of nutritional diversity in a small




—» TABLE 1

Component diversity heat map of the Viral Vector HEK Media Panel.

Component
Amino acids
Vitamins
Lipids

Trace metals
Polyamines

High level

library. They are purposely designed to help re-
duce the time spent screening for an ideal me-
dium. Although media panels have been avail-
able for other applications such as CHO-based
mAb manufacturing, they have not previously
been available for gene therapy applications.

THE GIBCO VIRAL VECTOR HEK
MEDIA PANEL

The Gibco™ Viral Vector HEK Media Pan-
el — with five serum-free and chemically de-
fined media — has been developed to support
enhanced performance in HEK293 cell cul-
ture. It has the potential to offer increased viral
vector titers or quality in some HEK293 cell
lines and at least two AAV serotypes. As Table
1 shows, the compositions of the formulations
are unique with varying concentrations of key
nutritional components. This will allow AAV
manufacturers to rapidly screen for improved
media performance and recognize the key
drivers behind the improved performance.
One of the key advantages of the Viral Vec-
tor HEK Media Panel is its versatility, enabling
five media to be evaluated for a broad range of
HEK293 cell lines quickly. This versatility was
demonstrated in the following experiments,
where HEK293F and HEK293T cells were
used to produce AAV2 and AAVS, respectively.

HEK293F cell growth & AAV2
productivity

Two suspension HEK293F clones, from the
Gibco™ FreeStyle™ 293-F cell lineage, desig-
nated 293F1 and 293F2 were evaluated for
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growth and titer production. The clones were
directly adapted from the banked medium to
Gibco™ FreeStyle™ F17 Expression Medium as
the control medium or one of the five panel
media (designated panels 1-5). All cultures
were supplemented with Gibco™ GlutaMAX™
Supplement.

Prior to transfection, the population dou-
bling times for the 293F1 and 293F2 cells
in all five panel formulations were shown to
be comparable to the control (Figure 1). The
results suggest that all the Viral Vector HEK
Panel media would support sufficient growth
for productive AAV2 transfection.

The HEK293F clones were transfected af-
ter dilution in fresh media to 3 x 106 cells/
mL cells using PEIpro™ transfection reagent
(Polyplus). All transfections were performed
on cells at passage 3 post-thaw. The AAV2 vi-
ral titers were quantified on crude lysate, at
harvest 72 h post-transfection, using qPCR.
The 293F2 clone produced higher overall av-
erage titers across all panel media compared to
the 293F1 clone (Figure 2A & B). Interestingly,
both clones produced the highest average vi-
ral genome titers with Viral Vector HEK pan-
el media 4 and 5 relative to the control. The
titers of the 293F1 cells were 10-fold higher
in the panel media (Figure 2A), the titers of the
293F2 saw a 2-fold increase (Figure 2B).

HEK293T cell growth & AAV8
productivity

HEK293T cells derived from adherent se-
rum-banked HEK293T cells were adapted

to suspension in a serum-free medium. After

Panel medium 1 Panel medium 2

Panel medium 3
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Panel medium 4

Panel medium 5

Low level
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—» FIGURE 1

HEK293F population doubling time.
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The 293F1 and 293F2 cell clones demonstrated comparable average population doubling times (PDTs) over 3
passages after adaptation to the five Viral Vector HEK Media Panel formulations and the control medium from
P3 to P5 (biological replicate from different thaw, 293F1 n=4, 293F2 n=3).

Panel 3

Medium

Panel 4 Panel 5

recovery, the cells were adapted to the same
control medium and Viral Vector HEK me-
dia 1 and 5 supplemented with GlutaMAX
Supplement, which contain either the lowest
(panel 1) or highest levels (panel 5) of key
nutrients.

The population doubling times of cells
cultured in Viral Vector HEK media 1 and
5 were comparable to the doubling times in
the control medium (23 + 1 hour, at the 3rd
passage in 100% of the respective medium),
regardless of their very differentiated com-
positions. This demonstrated the ability of
the panel to also support sufficient growth
for productive AAV8 transfection (data not
shown).

Viral genome titers were comparable in Vi-
ral Vector HEK media 1 and 5 and the con-
trol medium (Figure 3A), titers were quantified
on crude lysate, at harvest 72h post-transfec-
tion, using qPCR. The HEK293T cells were
transfected after dilution in fresh media to
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2 x 10 cells/mL cells using PEIpro™ trans-
fection reagent. Product quality was also as-
sessed by calculating the ratio of full to empty
capsids using a capsid ELISA to quantify the
total amount of particle. Empty capsids are
a manufacturing impurity that can affect the
efficacy and safety of AAV vector products
[5]. Viral Vector HEK medium 1 facilitat-
ed the production of an average of 76% full
capsids, compared to 51% and 40% in the
control medium and medium 5, respectively
(Figure 3B).

CONCLUSION

AAV manufacturers must be able to rapidly
identify media formulations candidates that
can be adopted for their HEK293 cell lines,
AAV serotypes, and transfection processes.
The Viral Vector HEK Media Panel is the first
available media panel that allows AAV man-
ufacturers to accelerate and simplify media
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—» FIGURE 2

HEK293F AAV2 viral genome titers.

A: AAV2 viral genome titer from 293F1 cells
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(A) The 293F1 cells produced 10-fold higher average AAV2 titers with Viral Vector HEK media 4 and 5 relative

to the control. (B) 293F2 cells demonstrated 2-fold higher average titers with Viral Vector HEK media 4 and 5
relative to the control (n=3).

optimization. The Viral Vector HEK Media  manufacturers to identify promising me-
Panel enables rapid screening of candidate dia formulations faster and establish unique
media that may support higher titers and  workflows that are in line with the diversity
better quality with diverse HEK293 cell lines  of platforms being developed in viral vector
while maintaining steady growth. This allows  manufacturing.
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—» FIGURE 3

HEK293T viral genome titers and percentage of full capsids.

A: AAVS viral genome titer from 293T cells
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B: Percentage of full capsids from 293T cells
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(A) Viral Vector HEK media 1 and 5 yielded comparable average titers when compared to the control medium.
(B) Viral Vector HEK medium 1 produced 76% full capsids compared to 51% with the control medium and 40%
with Viral Vector HEK medium 5 (n=3).

For more information, visit thermofisher.com/hekpanel
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Streamline media
optimization for AAV production

Accelerate your AAV manufacturing with a diverse set of ready-to-use formulations.
Compatible with a broad range of HEK293 cell types, the Gibco™ Viral Vector HEK Media Panel
is not dependent on specific transfection reagents or techniques, enabling efficient media
formulation identification for your target cell line and workflow.
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