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SCALE-UP & SCALE-OUT: WHAT DO WE REALLY
NEED & HOW WILL WE GET THERE?
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Scaling-up the production of
stem cell-derived extracellular
vesicles in stirred-tank
bioreactors

Aurélie Tacheny

Exosomes are extracellular vesicles (EVs), that are secreted by different cells of the body and
are considered as important players in cell-to-cell communication. Exosomes, and more spe-
cifically stem cell-derived exosomes are currently of great interest as cell-free therapeutic
tools due to their strong diagnostic and therapeutical potential in various diseases models.
To explore their use in various biomedical frameworks, large amounts of high-quality exo-
somes need to be produced. To meet this challenge, cell culture in the controlled environ-
ment offered by stirred-tank bioreactor can facilitate the standardized expansion of large
numbers of viable cells and enhance the reproducible production of extracellular vesicles.
In this article, we discuss the challenges of exosome production and provide insights in its
scale-up in stirred-tank bioreactors.
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THE POTENTIAL OF EXOSOME (less than 150 nm in diameter), microvesicles/
TECHNOLOGY IN ADVANCED microparticles/ectosomes  (100-1000 nm)
THERAPIES and apoptotic bodies (>1000 nm) [1]. Origi-

EVs can be broadly classified, based on their  nally considered as cellular waste product, exo-
mechanism of release and size, in exosomes  somes are a population of naturally occurring
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mobile extracellular vesicles released by differ-
ent cell types in vivo under various physio-
logical and pathological conditions. They are
capable of transporting various bioactive mol-
ecules such as proteins, lipids and different
types of nucleic acids. Exosomes play a role
in mediating intracellular communication,
in addition to modulating immunoregula-
tory processes, tumor metabolism, regenera-
tive and degenerative processes. Beyond their
use as biomarkers, exosomes offer promising
opportunities for therapeutic applications, as
vehicles for drug delivery, but also as cell-free
therapeutic tools [2,3].

THE CHALLENGES OF EXOSOME
MASS PRODUCTION

The preclinical and clinical development of
exosome technology as a cell-free therapeu-
tic and drug delivery platform requires large
quantities of exosomes. The therapeutic doses
required will vary depending on the specific
purpose of the study and methods by which
the exosomes are quantified. In earlier pre-
clinical trials, 10° to 10" particles were ad-
ministered per animal to achieve a biological
outcome [4]. Dosing is highly variable and
will depend on the therapeutic target and
method of delivery [5].

Mass production of exosomes is challeng-
ing for several reasons. A delicate balance
must be achieved in terms of quantity and
quality. The final product must be pure and
retain its biological properties. To achieve
this, manufacturing processes must be scal-
able, controlled and standardized to improve
reproducibility. Unfortunately, most of the
current methods for enrichment, isolation
and characterization of exosomes do not meet
these criteria.

The exosome production workflow is a
multi-step process composed of three main
steps:

1. The upstream process, in which the cells
used as the exosome source are expanded
and exosomes are enriched in the medium;
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2. The downstream process, during which
the secreted exosomes are separated from
the other components of the conditioned
medium; and finally

3. The quality control phase which is based on
exosome characterization.

Considering the first step of the exosome
production workflow, the upstream process
leading to efficient exosome secretion, it is
necessary to highlight some key factors, in
order to ensure a successful and reproducible
upstream process.

Extracellular vesicles are varied [6] and
cell culture parameters, like the cell seeding
density, passage number, cell confluence, and
medium composition, can have an impact on
the exosomes secreted quantity and quality
[7-91]. To achieve robust proliferation, culture
media are usually supplemented with fetal
bovine serum (FBS) as a source of growth
factors. However, these animal-derived sup-
plements contain large amounts of exoge-
nous exosomes that contaminate the vesicles
of interest. To avoid such contamination, xe-
no-free cell culture media can be used during
the cell expansion and the vesicle collection
steps.

The growth support on which the cells are
expanded is also important. Conventional
2D culture carriers for adherent cells, such
as flasks or multilayer flasks, have a limited
growth area per volume. Three dimensional,
microcarrier-based cell culture in a bioreac-
tor is more physiologically representative and
easier to scale up. Several teams have already
published data demonstrating that 3D cul-
ture is beneficial for exosome yield and activ-
ity [4,10]. The 3D culture parameters need to
be optimized to ensure robust attachment to
the microcarriers and subsequent cell growth.
For example, different types of carriers are
available, which differ among other things in
the size, surface charge, and surface coating,
and one needs to optimize the type of carriers
to be used. The initial cell seeding volume,
the ratio between the number of cells and
microcarriers, and also the initial adhesion
phase, for example in a reduced volume with




or without agitation need to be optimized as
well. Culture parameters that may affect exo-
some production and quality include, pH,
oxygen tension, temperature, agitation, and
feeding strategy. All should be kept as stable
as possible and the control of dissolved ox-
ygen and temperature should aim at mim-
icking the physiological conditions to avoid
cellular stress.

EXOSOME PRODUCTION IN
STIRRED-TANK BIOREACTORS

Cultivation in bioreactors opens up new pos-
sibilities for process monitoring and control
compared with conventional cell culture
flasks. pH, temperature, and DO, among
other parameters, can be monitored and con-
trolled in real time, making it easier, on the
one hand, to achieve conditions resembling
the physiological situation, and on the oth-
er hand, to reproduce cultivation conditions
from batch to batch.

The use of stirred-tank bioreactors offers
several advantages, if an increase in the cell
number is required. When using cell culture
plates or flasks, increasing the number of cells
usually involves ‘scale-out’, meaning increas-
ing the number of culture vessels. Stirred-tank
bioreactors also allow for ‘scale-up’, meaning
increasing the culture volume by using larger
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vessels. In a scale-up approach less vessels need
to be handled compared to the scale-out sit-
uation, which can reduce manual work and
save space. Stirred-tank design allows similar
vessel geometries and capabilities at differ-
ent scales, facilitating a smooth transition to
larger volumes. It is the bioreactor design for
which most research on scale-up phenomena
has been conducted and it is well established
in industrial cell culture bioprocessing.

With the following example we summa-
rize, what kind of results can be expected
when using stirred-tank bioreactors. For a
detailed description of the study the reader is
referred to a previous publication [11]. In this
case, the DASbox” Mini Bioreactor System
was used for the development of an exosome
production process and the optimization of
culture conditions at small scale, before a po-
tential scale-up. Figure 1 shows a summary of
the experimental strategy for the upstream
process.

Mesenchymal stem cells derived from
adipose tissue were selected as the exosome
source. After thawing, the cells recovered
for several days in flasks and the appropri-
ate number was seeded on microcarriers
in BioBLU® 0.3c Single-Use Bioreactors.
Cell growth was monitored for 10 days.
Growth factors were added 3 days after
seeding. During the expansion phase, regu-
lar checks of cell adhesion and viability were

—» FIGURE 1

Schematic representation of cell expansion and exosome production in BioBLU 0.3c Single-Use Bioreactors controlled with a

DASbox Mini Bioreactor System.
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—» FIGURE 2
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performed. After 5 days of cell growth, the
culture medium was completely replaced
with collection medium. Exosome enrich-
ment occurred during 2 additional days pri-
or to harvest and subsequent downstream
processing. All culture media used in this
study were xeno-free [11].

The main process parameters used during
this experiment have been previously summa-
rized [11]. This paper includes information
on the type of microcarriers, the inoculation
cell density, the final working volume, the
different physicochemical parameters used,
and agitation.

The analysis of cell viability using flu-
calcein-AM

orescent and fluorescence

—» FIGURE 3

Particle size distribution of isolated hADSC-derived
extracellular vesicles determined by dynamic light
scattering analysis.
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microscopic evaluation revealed that during
the five days post seeding cells grew and pro-
gressively formed small aggregates. Automat-
ed cell counting after trypsinization from the
carriers confirmed the efficient proliferation
with a very short lag phase. The final cell den-
sity was ca. 8.3 x 10° cells/mL, corresponding
to 2.0% x 108 cells per bioreactor and a 34.7-
fold increase in the cell number [11].

For downstream processing, the exosome
conditioned medium was collected, centri-
fuged, filtered, and concentrated using Cen-
triplus® YM 10 filter units (Amicon®). A small
sample was taken for particle size distribution
analysis. The remaining volume was used for
size exclusion chromatography. More than 20
fractions were collected and the total amount
of protein evaluated. Moreover, for each frac-
tion we analyzed the presence of CD63 by
ELISA and Western Blot analysis. As a neg-
ative control, a similar volume of non-condi-
tioned medium has followed the same purifi-
cation steps.

Figure 2 shows the results of the ELISA
test. The total amount of protein in each
fraction is indicated by the green line; the
bars indicate the expression of an exosome
marker (CDG63). A high relative content of
CD63-positive vesicles was found in the
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CONCLUSION

In comparison with conventional 2D culture
platforms, bioreactors offer important advan-
tages to optimize the upstream process of an
exosome production workflow among which
process monitoring, control and scalability
opportunities. Following the cell expansion
phase, they ensure a fine control of the main
bioprocess parameters during additional in-
cubation days in EV collection medium,
ensuring optimal conditions for EV quality
preservation. This study is an example high-
lighting the potential of hADSCs and hAD-
SC-derived extracellular vesicle production in
a stirred-tank bioprocess system.
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