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 Perfusion culture was started in 1vvd at Day 2 after inoculation, and its 
ratio before transfection was 3vvd. 

AAV5 genome titer 
measurement
• QX200 ddPCR system (Bio-

Rad Laboratories)
• ITR primers and FAM-

labeled ITR probe
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Using CTS  Viral Production Cells 2.0 (Thermo Fisher Scientific), a suspension of 
HEK293 was inoculated into a Univessel® SU (Sartorius AG) bioreactor, with 
temperature and DO set points at 37℃ and 33% respectively, utilizing BalanCD® for 
HEK293 cell culture media (FUJIFILM Biosciences). Perfusion culture was conducted 
using Xcell  ATF2 systems (Repligen). For PEI-transfection, the three AAV plasmids 
(pGoI-GFP, pRepCap5, and pHelper) were at a 1:1:1 (equi-molar) ratio and a total of 0.5 
μg per 1.0E+6 cells. PEIpro® (Polyplus) was used as the transfection reagent and 
DNA:PEI ratio was 1:2. These were mixed in culture media and incubated at room 
temperature for 15 min. After transfection, AAV production culture was carried out by 
fed-batch culture, adding BalanCD Feed (FUJIFILM Biosciences) at 24- and 48-hours 
post-transfection. Cell lysis was performed at 72-hour post transfection, utilizing final 
0.5% TWEEN®20 (Croda Int’l), 50U/mL of Benzonase® (MilliporeSigma) and 2 mM of 
MgCl2, followed by a 2-hour incubation at 37 ℃ whilst mixing at 180 rpm. 

Full/empty enrichment was performed not only by anion chromatography (AEX) but 
also by density gradient ultracentrifugation (ZUC, himac CP-NX), and the enrichment 
was compared.

Harvest*
• Cell lysis was performed 

after diluting the cell 
suspension to a 
concentration of 4 M cells/mL 
in culture medium.
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10-fold AAV productivity  Full ratio ：ZUC achieved a full ratio of nearly 90% regardless of USP
conditions

 hcDNA   ：Even with High-Density Cells, it was confirmed that hcDNA 
could be reduced to the same as conventional PEI-TT.

 hcProtein      ：Even with High-Density cells, hcP removed to below the 
detection limit(<200ng/mL). Across DSP, hcP was 
reduced by ≧99.9％.

• Innovation② is from lab scale data

• Full/Empty separation by AEX can be further 
improved depending on the yield

HCP
[ng/mL]

hcDNA
[ng/2.1E+12Vg]

AEX ZUC AEX ZUC

Conventional PEI-TT <200 <200 130 82

High-density Cell <200 <200 148 182
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HEK293 

Perfusion A

 High Cell Density process can provide rAAV production equivalent to 
those of conventional methods at one-tenth the culture scale.

Highlights
Conventional PEI-TT methods (PEI-Transfection to 2.0E+6 cell/mL) have been 
considered low in rAAV productivity due to the limitation of cell density, and as 
a result large-scale production equipment is required for AAV mass production.

Innovation

• Our intensified AAV production method from high-density cell by perfusion 
culture offers approximately a 10-fold AAV productivity increase in single 
transfection batch

 Downsizing process equivalent to rAAV production in larger reactor 

Innovation

• Even at high-density cell, hcDNA, and hcProtein were reduced to the same 
as those obtained  by conventional USP method 

• Full/Empty separation was replaced with Zonal Ultracentrifugation (ZUC), 
which significantly improved the full ratio to nearly 90%
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Innovation 1

Intensified AAV5 Production from High-Density Cell

Upstream Process Integrating Perfusion Culture and PEI-
Mediated Transfection into High-Density Cell

(Culture Day) 

Innovation 2

Impurity Clearance and Full Ratio at ZUC

Perfusion Optimization

 Using BalanCD HEK293 Perfusion A media allows for a 50% reduction in 
perfusion medium consumption with equivalent AAV production capacity
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