Jin Sung Hong, Erica Berilla, Talia Faison, David Powers, Bhaskara VijayaChikkaveeraiah, Ashwinkumar Bhirde, Lindsey Brown, Nilou Sarah Arden, Cyrus
Agarabi

FY 19 CoE-Berilla-49

CDER, Division of Biotechnology Research and Review II/OBP/OPQ 10903 New Hampshire Ave, Silver Spring, MD 20993

Topic

Acoustic Wave Separator (AWS) Setup

AWS Results on Cells and mAb
The cell separation, cell viability
drop and IgG loss from different
AWS feed rates are compared. As
the feed rate increases the cell
separation decreases with less
cell viability drop in the cell
harvest. This indicates that
higher the feed rate the cell
clarification is worsen but with
less time inside the chamber to
experience less acoustic wave
and thus less temperature shock
the cells are more viable.

2. Advanced Technology

Plain Language Synopsis
We assessed an acoustic wave separator for bulk cell separation, which
enabled effective cell clarification/filtration and product recovery. We also
test unwanted side effects of this technology, i.e., effects on product
quality, cell damage, and particle generation. This study provided useful
information about potential product quality concerns in continuous drug
substance harvest clarification.
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Continuous
bioprocessing
is
an
important
biopharmaceutical
manufacturing technique for enhancing
manufacturing speed and
operation flexibility, and for reducing production costs. Continuous drug
substance harvest clarification is critical for successful integration of
upstream (cell culture) and downstream (purification) bioprocesses. This
integration must occur without decreasing process performance and
product quality: it is an important potential impediment to flow at high cell
densities, which can restrict working flow rates and eventually build up
pressure when using filtration. In this study, we implemented a novel,
continuous upstream bioprocessing approach and explored potential
regulatory concerns regarding potential risks to product quality. We
integrated a perfusion GE ReadyToProcess WAVE™ 25 bioreactor that
allows prolonged cell culture exposure to a PALL Cadence acoustic wave
separator (AWS), thus providing continuous cell clarification of harvested
material. Using the perfusion WAVE bioreactor, we achieved representative
operating conditions and batch growth kinetics. The AWS allowed effective
cell clarification/filtration and product recovery. Product quality was
evaluated to determine potential impacts on the monoclonal antibody from
the process. Lastly, the impact of the acoustic wave on cellular damage
and its effect on generation of any cell debris were tested. Overall, we
believe our assessment provides useful information for the implementation
of a continuous cell clarification tool and further understanding of its
impact on product quality.
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The setup of PALL Cadence acoustic wave
separator (AWS) and a close-up of AWS chamber
are shown. Once the power is turned on the cells
accumulate at the wave nodes. When the cell
clumps are large enough, they will settle by
gravity and are pumped out to cell harvest
container.
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In contrast, having a higher feed
rate resulted in less IgG loss.
Because of the balance between
cell condition and mAb loss, an
optimization procedure of feed
rate is necessary for specific
application. Other factors to
consider in the optimization of
the feed rate is cell density.
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Turbidity Profile from AWS
An example of turbidity profiles from feed
and stage 1 probe is shown. Cell culture
fluid and cells enter the flow channel (feed
turbidity), acoustic forces trap cells from
flow in nodes of waves and cause
clumping, decreased buoyancy causes
cells to drop through gravitational forces,
and cells are removed from the bottom of
the acoustic chamber while the clarified
material exits (stage 1 turbidity) through
the top of the chamber. For this example,
pumping rate of 1.5 ml/min and cell density
of 24.2 x 106 cells/ml were used. All data in
this study were generated from using a
single acoustic chamber.

The fed-batch culture was used
for these analyses.
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Growth and Production Kinetics from Perfusion WAVE bioreactor
Perfusion AWS
(batch D8)

Fed-batch

Perfusion

Dynamic light scattering (DLS)
was used to determine the size
distribution profile of the
products from different batches.
As the comparison in size
distribution profiles show, a
narrow peak is shown near 12-13
nm in all the samples which is
typical profile for an IgG 1
monoclonal antibody. This
suggest that other particles like
fragments or aggregates are not
present in these samples and
that these samples have
comparable product quality.
Purified samples were used for
these analyses.

Conclusion
1. We ran fed-batch and perfusion bioreactors, and found that cell growth
and mAb production during perfusion mode resulted in 62.5% longer
run time and ~250% more production than that from the fed-batch.
2. Using the AWS, we achieved an effective cell clarification/filtration and
product recovery. DLS data showed minimal impact in product size
distribution from the samples using AWS.

GE ReadyToProcess WAVE™ 25 bioreactor was operated in dual
mode to run fed-batch and perfusion bioreactors side by side. An inhouse Chinese Hamster Ovary (CHO) cell line that produces a model
IgG 1 monoclonal antibody was cultured in 1 L working volume with
HyClone Feed A and B and additional glucose as needed. .

The viable cell density (VCD) (left, filled symbols), cell viability (left,
opened symbols), and total mAb production (right, filled symbols) results
for the fed-batch and the perfusion modes are compared. Whereas the
VCD stopped to increase and the viability started to decrease from day 5
for fed-batch mode, the VCD continued to increase with high viability for
perfusion mode until day 13. In addition, whereas the total mAb
production for fed-batch mode only reached ~600 mg on day 8, perfusion
mode reached ~1600 mg on day 13. The blue asterisk indicates the on-set
of the perfusion at day 5. The fed-batch run was terminated when the
viability dropped below 80% due to further purification considerations.

3. Application specific optimization is necessary for using AWS in the
future.
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