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ICELLIS BIOREACTOR BACKGROUND
In the past five years, Pall’s iCELLis bioreactor has emerged as
the leading bioreactor technology for clinical and commercial
manufacturing of viral vectors and vaccines, with the following
data reported in peer-reviewed publications.
Table 1
Summary of published viral vector titers in iCELLis bioreactors


Compartmentalization
– base addition, agitation, and
fixed-bed spatially separate
• Reduced shear stress from impellor energy dissipation
•E
 venly distributed media circulation
•N
 o fixed-bed pH heterogeneity
Fixed-bed acts as natural cell retention device for perfusion

					Extrapolated
Vector Cell
Size
Yield/cm2 Unit to 500 m2
Source
AAV
HEK293t
0.53 m2
			
HEK293t/17 0.53 m2
			
Lenti
HEK293t
0.53 m2
			
Retro AM12
1.06 m2
			
HEK293Vec 2.7 m2
			
Adeno HEK293
100 m2
			

4.7 x 1010 VG
2.3 x 1017
(transient)			
3.6 x 1010 VG
1.8 x 1017
(transient)
5.1 x 106 TU
2.5 x 1013
(transient)
7.3 x 105 TU
3.6 x 1012
(stable)			
9.26 x 107 VT
4.6 x 1014
(stable)		
6.1 x 109 VP
3.0 x 1016
(infection)			
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University of Ulm – Biotechnology Journal – 2015. Rational plasmid design and
bioprocess optimization to enhance recombinant adeno-associated virus (AAV)
productivity in mammalian cells
St Jude Children’s Research Hospital – Human Gene Therapy Methods – 2016.
Development and optimization of AAV hFIX particles by transient transfection in
an iCELLis fixed-bed bioreactor

**

Cell and Gene Therapy Manufacturing Congress, November 2016, Amsterdam

 hemically defined media that is optimized specifically for
C
the adherent HEK293t-based viral vector production in the
iCELLis bioreactor.
 eveloped to circumvent the high variability and cost found in
D
classical serum supplemented media for virus production.
 tilizes a recombinant human transferrin and albumin from
U
a large scale non mammalian expression platform and
therefore does not incorporate any human or blood-derived
components.

***

Memorial Sloan Kettering Cancer Center – Journal of Immunotherapy – 2015.
Large-scale clinical-grade retroviral vector production in a fixed-bed bioreactor

****

FinVector – Human Gene Therapy – 2015. Process development of Adenoviral
vector production in fixed-bed bioreactor - from bench to commercial scale VG
= viral genomes, TU = transducing units, VT = viral titer, VP = viral particles

*****

 ingle-use, fixed-bed bioreactor
S
• Cell substrate composed of medical grade, uncoated,
uncharged polyethylene teraphalate (PET) carriers
•C
 losed system with reduced footprint and minimal aseptic
handling
 ench and commercial-size scalability by maintaining fixedB
bed height and carrier compaction
 and dissolved oxygen (DO) control through a falling film
pH
• High gas transfer rates due to large surface area and thin
film mass transfer, no sparging required
• No shear due to rising bubbles or bubble burst
• Less base addition required due to high CO2
stripping capacity

METHODS
 re-adapted HEK293t cells were expanded for 3 passages
P
with each passage being seeded at 10,000 cells/cm2 and
flasks subcultured for 3-4 days.
iCELLis Nano bioreactor settings for OptiPEAK293t were
optimized based on growth characteristics from previous
studies (Table 2). Future experiments will include equivalent
settings for both SFM and FBS containing media.
 ell inoculations consisted of 100 mL of growth medium
C
containing 5.3 x 107 cells followed by an additional 100 mL
of growth medium in order to completely flush the inoculation
line. Time of inoculation is considered t = 0.
 uring the course of the runs, bioreactors were subjected to
D
two 100% media changes, one at Day 3 and the transfection
at Day 7.
 ata is presented as percent of the original (for the
D
attachment kinetics only) 5.3 x 107 cell inoculum still present
in the media vessel of the bioreactor at the time of sample pull.

Table 3
Summary of cell growth attributes

 n day 7, cells were transfected with phMGFP vector
O
complexed with polyethylenimine (0.15 µg/cm2 DNA at a
1:5 ratio with PEI).
 ector was complexed in basal DMEM/F12 for 30 minutes at
V
room temperature and then added to fresh growth medium.
Transfections were done by circulating 600 mL of the DNA/
PEI complex in growth medium, through the fixed-bed, for
1 hour.

Average		
Cell Doubling
Time (hour)		

 edia volume was brought up to 903 mL with fresh growth
M
medium. Bioreactors were run for an additional 48 hours
post transfection with standard growth parameters being
monitored.

pH
Set Point

Temperature Linear
DO Set
Set Point (ºC) Speed (cm/s) Point (%)

DMEM+10% FBS
OptiPEAK293t

7.10
7.25

37
37

Figure 2
3D sttachment kinetics and metabolic parameters
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Figure 3
Proof of concept transfection competency of OptiPEAK293t
expanded cells using phMGFP reporter
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 significant increase in the expression of phMGFP was
A
detected in samples removed post-transfection (Figure
2D). To confirm these findings, fluorescent microscopy was
employed to determine the presence of phMGFP-positive
cells in the iCELLis bioreactor carriers harvested. phMGFP+
cells were found in multiple layers of the carrier with scanning
sections 85 µm thick (Figure 3).
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iCELLis bioreactor growth kenetics
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 ata is presented as percent of the original 5.3 x 107 cell
D
inoculum still present in the media vessel of the bioreactor
at the time of sample pull (Figure 4A).
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 y ~18 hours (1111 minutes) post inoculation (Figure 4A),
B
>99% of all cells had attached in both bioreactors.
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 ells attached more rapidly to the carriers in OptiPEAK293t
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than in DMEM+10% FBS.
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 oubling times were lower in OptiPEAK293t, (Figure 1
D
and Table 3), resulting in higher cell density on the day of
transfection. We hypothesize this better cell growth is due to
cells acclimating to the fixed-bed faster in OptiPEAK293t.
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RESULTS

1.6 x 106

Day 0 – 7		
83 min. 208 min.
25
875,000/cm2 70
84
24
1,140,000/cm2 94
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4
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mg/L Glucose
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 lucose consumption and lactate production increased as
G
biomass increased in the bioreactors (Figure 2B-C). Cells in
OptiPEAK293t exhibited greater glucose consumption than
DMEM+10% FBS for the first 4 days and subsequently the
same glucose consumption as FBS containing media.

Table 2
iCELLis Nano bioreactor settings

1
2

Day 0 – 4
17
16

DMEM + FBS
OptiPEAK293t

Transfection
(Day 7)
Cell Density

10

CONCLUSION
 hese studies suggest that chemically defined, serum free
T
media such as OptiPEAK293t is compatible with the iCELLis
bioreactor platform and is a viable alternative to the use of
FBS-containing media.
 EK293t cells exhibited doubling times that were commercially
H
viable and comparable to FBS containing media.OptiPEAK293t
induced rapid and irreversible cell attachment to the iCELLis
bioreactor carriers and were readily transfected by the
reporter vector in a simplified transfection protocol.
 ultiple layers of cells within the iCELLis bioreactor carriers
M
harvested from iCELLis Nano bioreactor were positive for
the reporter, indicating a high degree of penetration of vector
throughout the carriers in the OptiPEAK293t containing media.
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