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   INTRODUCTION

Traditional adeno-associated virus (AAV) and lentiviral vector (LV) production relies on transient transfection 
of HEK293 cells at low cell density (< 4 x 106 cells/mL) in a batch cell culture, a process that is a limiting factor 
to achieve high yield and low cost. To address this challenge, we developed a chemically defined cell culture 
medium, BalanCD HEK293 Perfusion A. Optimized for suspension HEK293 cells in perfusion processes, 
this medium enables different intensified AAV production processes to reduce the high cost of AAV and LV 
production. Steady-state and dynamic perfusion processes were performed in benchtop bioreactors to 
demonstrate the capability of the cell culture medium to support high cell density HEK293 cell cultures in 
continuous processes. Multiple high cell density transfection protocols were verified in perfusion-mimic, 
small-scale and perfusion processes in benchtop bioreactors. High cell density induction of AAV and LV 
producer cells for intensified viral vector production in perfusion were also verified in benchtop bioreactors. 

With a cell-specific perfusion rate (CSPR) as low as 25 pL/cell/day and an optimized perfusion-ramping 
strategy, BalanCD HEK293 Perfusion A sustained high cell viability (> 90%) and viable cell densities up to 
1.18 × 10⁸ cells/mL through a well-maintained key nutrients and metabolites profile, making it an ideal cell 
culture medium for N-1 perfusion processes. This medium also enables efficient AAV and LV production through 
transient transfection of HEK293 cells or induction of stable producer cells between 1 x 10⁷ to 2 x 10⁷ cells/mL 
in perfusion bioreactors. The process addresses current industry needs for high cell density transfection of 
HEK293 cells for intensified viral vector production, offering both increased cell-specific productivity and overall 
yield compared to traditional transient transfection at low cell density in batch processes. In addition, BalanCD 
HEK293 Perfusion A supports traditional AAV production processes with an improved yield, offering flexible and 
scalable solutions for various AAV production processes.

BalanCD is a registered trademark of FUJIFILM Biosciences, Inc. in various jurisdictions. All other trademarks are the property of their respective owners. 
©2026 FUJIFILM Biosciences. P/N 024568 Rev.01

SUMMARY
This study demonstrates the capability of BalanCD HEK293 Perfusion A 
as the first commercially-available, chemically defined, off-the-shelf cell 
culture medium specifically designed for HEK293 perfusion processes to 
support various intensified viral vector production processes; including 
N-1 perfusion, viral vector production with high cell density transfection 
and induction in perfusion processes, and improved yield for traditional 
AAV production with transfection at low cell density, with the potential to 
lower the cost of viral vector production.

Figure 4. Ammonia and lactate profile. Benchtop 
bioreactors for suspension HEK293 cell cultures 
in batch (2–3 x 106 cells /mL) versus perfusion 
(1.1–2.4 x 107 cells /mL) culture format in BalanCD 
HEK293 Perfusion A and benchmark medium.

Figure 6. AAV2 and AAV8 production in benchtop bioreactors in BalanCD HEK293 Perfusion A. (A) AAV2 production 
in BalanCD HEK293 Perfusion A: perfusion cell culture transfected at 2 x 10⁷ cells/mL versus batch cell culture transfected 
at 2 x 106 cells/mL. (B) AAV8 production in fed-batch cell cultures transfected at 2–3 x 106 cells/mL: benchmark medium 
versus BalanCD HEK293 Perfusion A medium.

Figure 7. Stable cell line for intensified viral vector production in BalanCD HEK293 Perfusion A. (A) Cell growth and 
cell-specific productivity for AAV5 production using an engineered HEK293 stable cell line. (B) Cell growth and LV production 
for LV using an engineered HEK293 stable cell line.

Figure 5. High cell density transfection for AAV8 production. 
Suspension HEK293 cells were inoculated in mini bioreactors and 
transfected with different transfection protocols, with complex 
solution volume of 10% or 40% of cell culture volume and different 
incubation time. The cell culture volume after transfection was 5 mL.

   MATERIALS AND METHODS

   RESULTS (CONTINUED)

Figure 2. Cell growth during steady-state perfusion in BalanCD HEK293 Perfusion A medium. (A) Viable cell density 
(VCD) and cell viability and (B) Calculated cell specific perfusion rate (CSPR) of steady-state perfusion. Suspension HEK293 
cells were inoculated in 5 L benchtop bioreactor at 5 x 105 cells/mL with 3.3 L working volume and an ATF cell retention 
device. Perfusion started when VCD reached ~ 5 x 106 cells/mL at 1 vessel volume per day (VVD). pH of the cell culture was 
monitored but not controlled. Dissolved oxygen (DO) was set at 40%.

Figure 1. Application of BalanCD HEK293 Perfusion A medium in intensified AAV production processes. 
(A) N-1 perfusion process for viral vector production, (B) high cell density (HCD) for viral vector production, 
and (C) viral vector production in batch cell culture using transient transfection. 

Figure 3. Cell growth during dynamic perfusion in BalanCD HEK293 Perfusion A medium. (A) VCD and cell viability 
and (B) population doubling time and growth rate. Suspension HEK293 cells were inoculated in 5 L benchtop bioreactor 
at 8 x 105 cells/mL with 3.3 L working volume and an ATF cell retention device. Perfusion started when VCD reached 
~2.6 x 106 cells/mL by maintaining CSPR ~25 pL/cell/day throughout the perfusion process. The cell growth rate at 
2 x 107 cells/mL with VVD of 0.5 was comparable to that in a batch cell culture during exponential growth phase.

  RESULTS
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Cell Stock and Growth Medium: Suspension HEK293 cells and 
BalanCD HEK293 Perfusion A (FUJIFILM Biosciences)
Culture Vessels and Culture Conditions:
•	125 mL Corning shake flasks: 37°C, 5.0% CO2, 130 RPM, 80% humidity
•	50 mL Corning Mini bioreactors: 37°C, 5.0% CO2, 250 RPM, 80% humidity
•	Dasgip bioBLU 3c: Single-use vessels with (perfusion) or without (fed-batch) 

Alternating Tangential Flow (ATF) cell retention device: 37°C, 5.0% CO2, 
40% DO set-point, no pH control 

•	Seeding density for growth phase: 0.5 x 106 cells/mL with > 95% viability
•	Cell counting method: 200 μL sample for VCD and viability
•	Cell density at transfection or induction: 2–3 x 106 cells/mL or 1–2 x 107 cells/mL
•	Passage number used: P3–P20

Transfection reagent: Polyethylenimine (PEI)

AAV2 Production in Perfusion, High Cell Density Transfection (5 L) 
Versus Benchmark (Batch), Low Cell Density Transfection (25 L)

N-1 Perfusion Process Batch Production ProcessHigh Cell Density (HCD) 
Production Process

*�Theoretical run to achieve comparable AAV2 yield to the experimental run of intensified perfusion in 5 L bioreactor. 
The yield of the batch run in 25 L bioreactor was calculated based on the AAV2 titer from an experimental batch 
run in a 1.8 L bioreactor.

2 M: VCD at 
Transfection was 
2 × 106 cells/mL

20 M: VCD at 
Transfection was 
2 × 10⁷ cells/mL

FUJIFILM Biosciences

AAV8 Production 
Batch (2 M) vs. Perfusion-Like (20 M)

Ammonia and Lactate Level in Bioreactor 
(Low VCD in Batch vs. High VCD in Perfusion)

CSPR Plot Calculated in Steady-StateGrowth Profile
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Growth Medium BalanCD HEK293 Perfusion A Benchmark

Bioreactor Size 5 L 25 L

Working Volume 1.8 L 16 L

Cell Retention ATF N/A

Total Plasmids (mg) 10.4 22.9

PEI (mL) 20.8 45.8

AAV2 Titer (VG/mL) 4.98 x 1011 5.39 x 1010

AAV2 Yield 9.1 x 1014 8.6 x 1014
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