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Using CFD Modeling as a Scale-up Tool
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/The therapeutic use of stem cells has become increasingly popular as a possible Bioreactor
treatment option for a variety of diseases and injuries. Typically, 108 to 10° cells
are required per patient, per treatment [1]. To achieve these numbers, large-scale
production techniques must be implemented. Cellular aggregates can be
expanded in stirred suspension bioreactors, achieving significantly greater cell
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quantities per volume compared to traditional static culture [2]. A change in > = \
bioreactor scale, however, results in altered hydrodynamic properties that affect ynamic Propertic E_ \
cell products. Shear from the local fluid velocity gradient and cell interactions Predicts D0 § ‘
with turbulent eddies influence aggregate sizes, which impact cell pluripotency, s 'ﬂ-@@@@ Model Geometry Mesh Domain

differentiation, and proliferation potential [3]. Current bioreactor scale-up /

equations used for predicting agitation rates maintain single quantity variables e " e S[:‘\iilrpaart‘:)rsgzrtgey
that do not capture the variation and complexity of the bioreactor environment. /
As a result, predicted scale-up agitation rates are often ineffective and damage
the cells. Computational Fluid Dynamic (CFD) modeling allows the user to
customize geometry so that scale-up equations can be derived between reactors

of any given shape and size. We have recently published data [4] that suggests >
maintaining the volume average energy dissipation rate, derived from CFD Differentiation Impacts P — Solve Model and Apply Boundary
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The velocity streamlines in the vertical-wheel bioreactor display a
lemniscate (figure-8) profile. Unlike traditional horizontal impeller

— . reactors, the fluid in the vertical-wheel reactor moves throughout the
\_simulations, provides a robust method for scale-up of aggregate culture. o Heh Analyze Result Conditions 0 003 006 009 012 015 entire liquid width and height in a constant motion.
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[ In this study: Volume Average Shear Stress ! Volume Average Energy Dissipation Rate
* Ansys Fluent software was used to develop a complete (20rpm- S : 182
100rpm) CFD model of the 0.1L PBS vertical-wheel reactor. £ : B2
e * Model variables (volume average and distributions) were compared gw 1 o83
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- e o) * A hiPSC aggregate pre-formation protocol was developed (comparing < : > 28
=, pre-formation time and cell density) for bioreactor culture. . 2 3 PR 1 e . N S . .
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- agitation rates to compare growth and aggregate size. Each model was run for 5 seconds with steady state | At lower aitation ate (40rpm) the EDR proved to be e e ZYOQI""/S’
k being reached after ~2 seconds. relatively constant throughout the volume of the reactor.
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Pre-forming Aggregates — Time and Density Results

To date, researchers have had little success culturing hiPSCs from single cells in bioreactors. Aggregates are pre-formed in non-adherent culture plates with the addition of ROCi. We investigated the
effects of pre-forming aggregates under various densities for 1-4hrs. We showed that both variables have significant downstream impacts on cell growth in stirred suspension bioreactors.
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[ In this study, the 0.1L PBS vertical-wheel bioreactor was )
modeled at various agitation rates using CFD software
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probes). It was discovered that while the volume average
shear rates between the modeled reactors remained similar,
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\ S ._maintained throughout scale-up. Red Outline = Tested in (100mL NDS — blade impeller) 1 bioreactors. This inoculation method was used for further experiments in the vertical-wheel reactors,
PN ( e Using the optimized aggregate pre-formation method described above, hiPSCs were seeded into the 0.1L PBS vertical-wheel reactors at a density of 20,000cells/mL at agitation rates of 40, 60, and 80rpm. Cells were cultured under batch conditions
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Post-processing was performed on the CFD models to calculate volume average velocity, shear rate and energy dissipation rate for the PBS Biotech 0.1L vertical- < < 1 E gE 1S g
wheel reactor run at 20, 30, 40, 50, 60, 70, 80, and 100rpm. Variables were then plotted as a function of agitation rate and equations of lines were computed. o 0.0E50 | 2288 5§t s (-9 &
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—20m LI s0rem — o ST IPal oo __Energy Disslpation Rate (m/e ) VA Energy Dissipation Rate 60rpm 30rpm sk I range between 9.8 and 13.0 at 80 rpm and 40 rpm respectively. The culture pH steadily decreases | rates, there was a significant difference in average aggregate sizes,
The above histograms highlight the relationship between agitation rate and hydrodynamic variable distributions throughout the reactor. At lower agitation rates, the | | To maintain the 0.1L PBS reactor VA energy dissipation, the 100mL NDS reactor should be run at the same agitation g : over the exponential expansion phase, and falls below 7 on day 6. It is predicted that a media change |' ranging between 250um (40rpm) and 187m (80rpm).
\ hydrodynamics are relatively consistent throughout the reactor volume. As agitation rates increase, the volume fractions experiencing different forces also increase. | | rate (60rpm) but the 500mL DasGip reactor should be run at half the agitation rate (30rpm) \ . between day 3 and 4 would allow for a longer expansion period and increased proliferation. . /
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