Xeno-Free Cultivation of hMSCs on Micro-Carriers in 3L Air-Wheel® Bioreactor
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Introduction
Stem cell therapies are rapidly progressing from early research through clinical trials. Most if not all clinical
batches to date have been produced in ‘flat stock’ or 2D culture. Various suppliers are providing an assortment of
2D culture vessels with significantly more surface area than in the past to meet these needs. However, 2D culture
has significant economic and regulatory drawbacks compared to culture on micro-carriers in ‘volumetric’ or 3D
bioreactors. Although from a production and scalability point of view it would be ideal to adapt these cell therapy
products to suspension culture that goal is presently on the far horizon. An easier, and quite achievable method, is
to culture these anchorage dependent cells on micro-carriers suspended within the bioreactor.
Culture of cells on micro-carriers can pose a challenge for traditional stirred tank bioreactors, as these processes
are often more sensitive to shear forces in the reactor than suspension culture. Various adaptations and
specialized impellers have been developed over time to facilitate micro-carrier culture but there remains significant
diﬃculties scaling-up these processes.

Samples were taken hourly during the initial hours to monitor the eﬃciency of colonization, then they were taken daily.
Colonization was determined visually by staining with FDA and performing visual observations. Images of cell
colonization at 3 hours post-seeding are shown in Figure 1, and the colonization data though the first 5 hours of the run
are shown in Figure 2. More accurate cell counts were determined by lysing the cells, staining the nuclei with crystal
violet and counting with a hemocytometer. Cells in suspension were counted as well as cells on micro-carriers. The
concentration of cells not attached to micro-carriers dropped rapidly during the colonization to approximately 3000 cell/
mL, and the density remained very low until the last few days of the run (data not shown). The cell density on the microcarriers increased from the seeding density of 25,000 cell/mL to a peak density of 1.45 x 105 cell/mL in the PBS
bioreactor and 1.25 x 105 cell/mL for the control, and resulted in relatively comparable final cell densities in both systems.
(Figure 3).

Traditional, impeller-based bioreactors, with relatively small, horizontally-rotating impellers are ill-suited to keep the
particles suspended uniformly without employing high rotational speeds at large power inputs. The Air-Wheel®
bioreactor system from PBS Biotech is designed to overcome this limitation by using a large, vertically-rotating
mixing element that provides high particle suspension power with gentle mixing at low power inputs.

Air-Wheel® Mixing Technology
1) The vertically oriented Air-Wheel® mixer along a horizontal
axle creates tangential fluid motion with high sweeping power
to suspend particles well in the round-bottom vessel
2) The oppositely-oriented internal vanes of the mixer guide
fluid bi-axially as it rotates

Figure 2: Micro-carrier colonization

3) The large size of the Air-Wheel® mixer and the vanes
dissipate the energy to the liquid over a large surface area
The combination of these 3 elements oﬀers gentle and uniform
fluid mixing and eﬃcient particle suspension inside the vessel even at low power input and agitation speeds.

Low Shear Stress Throughout Scales

Figure 3: Cell concentration by nuclei staining

Figure 4: Specific metabolite production &
consumption rates
Metabolic data were measured daily and the
consumption rates for glucose and L-glutamine
as well as the production rates for lactate in
both systems are shown in Figure 4.

Computational fluid dynamics (CFD) modeling was used to
quantify the average shear stress around the impeller region
in the Air-Wheel® and traditional stirred-bioreactor systems.
Results:
1) Significantly lower average shear stress levels in Air-Wheel®
mixer (<0.3 Pa) compared to stirred-tank

Figure 5: Cell growth rate comparison in diﬀerent culture systems

2) Constant shear stress profile across a wide range of
working volumes by the Air-Wheel® mixer

Xeno-Free Cultivation of hMSCs in Air-Wheel ® Bioreactor
A PBS Air-Wheel ® bioreactor is used to grow anchorage-dependent stem cells in xeno-free conditions at the
3L scale. The goal of the experiment was to scale-up an existing micro-carrier cultivation process for hMSCs
from a 250 mL traditional stirred vessel (“STR”) to a 3L Air-Wheel ® bioreactor (“PBS”) with a working volume
of 2L by a factor of 8, volumetrically.
The hMSCs (STEMCELL Technologies) were cultivated to 70% confluence in T-flasks in Mesencult XF
(STEMCELL Technologies) medium, and passaged using TrypLE Select (Life Technologies). On passage 3,
the cells were used to seed a PBS 3 bioreactor and a glass vessel stirred tank bioreactor (Sartorius Biostat
Qplus). The following conditions were used:
Initial seeding cell density

2.5 x 104 cell/mL

Culture medium

Mesencult XF with 2mM L-glutamine, 0.025% Antifoam C (SAFC)

Micro-carriers and concentration

Synthemax II (Corning) at 16 g/L

Dissolved oxygen concentration

20% air saturation

pH

7.2

Temperature

37oC

Medium exchange

One time, 50% on 5th day of culture

Metabolite monitoring

Daily, on YSI 7100 MBS

Gassing

Air, N2, CO2 controlled to achieve DO and pH set points
• Headspace gassing for STR
• Main sparger gassing for PBS

Agitation rate

PBS: 15 RPM

Cell visualization

Fluorescein diacetate (FDA), propidium iodide (PI)

STR: 45 – 50 RPM

The comparative results regarding the growth rates. and the starting and ending cell densities on the available growth
surface (cell/cm2) in the three systems indicate that the micro-carriers are just as eﬃcient as a substrate for the cells as
the T-flask control.
At the end of the run, the cells were removed enzymatically from the micro-carriers in both bioreactors and from the
control flask and were assayed for the presence of mesenchymal and non-mesenchymal stem cell markers (Figure 6).
The results were comparable in both bioreactors and in the control flask and we conclude that the cells maintained the
desired phenotype during the cultivation.

Figure 6: MSC cell identification using MSC and non-MSC markers
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The next area for development is to increase the micro-carrier concentration in the bioreactor in order to
provide additional surface area for the growth of the cells and to achieve higher volumetric cell densities
leading to production eﬃciencies. It would then be desirable to take advantage of the scalability of the AirWheel ® family of bioreactors to perform a volumetric scale up of this process in larger bioreactors. At the
currently achieved cell density, 2.3 x 109 cells could be produced in 15L. If 5-fold higher cell density of 6 x 105
cell/mL could be achieved using higher micro-carrier density, nearly 10 billion cells could be produced in a 15L
single-use bioreactor.
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