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Optimization of rAAV Production Using  
an In-House Suspension HEK293 Cell Line
Recombinant adeno-associated virus (rAAV) vectors have emerged as a leading platform for gene therapy, 
necessitating the development of efficient and scalable production methods. One routinely used manufacturing 
approach for these vectors involves the transient transfection of plasmid DNA into mammalian cell lines 
such as HEK293. Many HEK293 cell lines are available commercially and have been used to produce rAAV 
with varying levels of success. These commercial HEK293 cell lines offer advantages such as adaptability to 
suspension culture and the availability at GMP-grade, but they are often burdened with challenges such as 
low productivity, inconsistent quality, and high cost. To address these limitations, ReciBioPharm has developed 
a manufacturing approach using a novel suspension HEK293 cell line (Xcell-ENG-HEK293) that demonstrates 
high yields and high quality rAAV production. 

Developing this process first involved comprehensive 
screening of serum-free, chemically defined media 
formulations to support robust cell growth and high 
rAAV titers. In addition, transfection conditions were 
also optimized, including the evaluation of novel 
transfection reagents and enhancers. To mitigate cell 
clumping, various anti-clumping strategies and reagents 
were tested, resulting in a solution that reduced cell 
aggregation by greater than 75%. Additionally, targeted 
plasmid engineering increases both vector yield and 
quality. Recibiopharm has demonstrated the scalability 
of this cell line and process and have established scaled-
up production methods in single-use bioreactors at both 
the 2L and 10L scales through targeted optimization 
of key parameters such as pH, dissolved oxygen, and 
agitation rate. 

Through this work, the Xcell-ENG-HEK293 cell line 
and optimized process meets or exceeds the bar set 
by commercially available cell line options, achieving 
rAAV titers of 1.5x1015 genome copies per liter in crude 
lysate across multiple serotypes. In addition, vector 
quality is improved, with a proportion of full capsids in 
crude lysate greater than 40% in some serotypes. This 
optimized platform offers a robust, scalable solution for 
high yield and high quality rAAV production, allowing 
for reduced costs compared to commercially available 
HEK293 cell lines and improving the manufacturability of 
the rAAV needed as a critical vector for gene therapy.
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TRANSIENT TRANSFECTION Plasmid delivers:

INDUCIBLE PCL rAAV production included  
by small molecule addition: e.g., doxycycline

VIRAL INFECTION Baculovirus, (HSV, Adenovirus) delivers: 

Figure 1. Current AAV Production Approaches
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✓ Quickest to implement
✓ Freedom to operate
 x �Cost of precursor plasmid  
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x �Scalability (usually 250L)

Alternative Host Cell
✓ Productivity
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 x �Longer PD timelines
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development required

SF9 Insect Cell
✓ Productivity
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To date, ReciBioPharm’s internal rAAV platform development has 
focused on transient transfection of HEK293 cells. While transient 
transfection methods are among the more expensive production 
processes due to their expensive raw materials, their flexibility in 
product generation and their ability to reduce development timelines 
allows for the development of a true platform capable of delivering 
multiple products, quickly. 

In addition to this internal platform, ReciBioPharm offers tech-transfer 
capacity for customer processes based on alternative rAAV production 
systems including Sf9-Baculovirus based methods and producer cell 
lines (Figure 1).

The product quality of viral vectors is critically important, especially 
in a clinical context. ReciBioPharm has leveraged our extensive 
experience with analytical development (AD) and quality control 
(QC) for advanced therapy medicinal products (ATMPs) to develop 
off-the-shelf analytical methods. ReciBioPharm’s AD and QC teams 
are available to tailor these and other assays to customer-specific 
requirements and needs. Further analytical testing is available 
through our external testing partners.

PLATFORM OVERVIEW				  

ANALYTICAL TESTING 				     

Figure 2. Initial transfection comparison between ReciBioPharm’s 
in-house cell line and the commercial VPC 2.0 cell line showed a 
clear benefit of using ReciBioPharm’s transfection protocol versus a 
baseline PEI transfection method, however there was still room for 
improvement in the in-house cell line titer compared to VPC 2.0

Xcell-ENG-HEK293 Baseline
The Xcell-Eng-HEK293 cell line was initially screened for its rAAV8 
production capacity using a legacy PEI-based transient transfection 
process. As seen in Figure 2, this production process resulted in a titer 
of 2.5 x 1010 GC/mL. When the cell line was subsequently tested with 
ReciBioPharm’s optimized production process, this titer increased 
8-fold to 2 x 1011 GC/mL. Using Stunner analysis for % Full capsids, this 
experiment also demonstrated consistency between the Xcell-Eng-
HEK293 cell line and VPC 2.0. While this was an impressive result, there 
was still a 1-log gap in genomic titer between the Xcell-Eng-HEK293 
cell line and VPC 2.0, necessitating further optimization. 

We hypothesized that the titer difference was a result of the higher 
propensity for the Xcell-Eng-HEK293 cell line to aggregate, which 
likely resulted in lower transfection efficiencies and subsequently 
lower yields. To mitigate this difference, a comprehensive program 
of aggregation reduction and media selection experiments was 
undertaken.

SMALL SCALE DEVELOPMENT									                          
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Aggregation Reduction and Media Selection
To overcome ReciBioPharm’s Xcell-Eng-HEK293 cell line’s tendency 
to aggregate, various media and anti-clumping agents were tested 
for their ability to reduce aggregation, which are detailed in Figure 
3. In various permutations, ReciBioPharm tested the addition of 
three commercial anti-clumping agents or Pluronic F-68 (Figure 4A), 
various commercially available chemically defined medias (Figure 
4B), and the use of baffled shake flasks (Figure 4C).

As seen in Figure 4A, none of the anti-clumping agents reduced 
aggregation without negatively impacting transfection efficiency, 
therefore, no anti-clumping agents were moved into further testing. 
Similarly, Media C, D, and E did not perform well, either with or 
without the presence of anti-clumping agents and were also 
eliminated from further study. Ultimately, the optimized condition for 
Xcell-Eng-HEK293 growth consisted of culturing the cells in Medium 
X in baffled shake flasks with no anti-clumping agent added. This 
condition resulted in levels of aggregation that were 3-4-fold lower 
than our baseline condition, with doubling times of 21–22 hours.

Aggregation Reduction Strategies

Media Alone Fluronic F-68 Anti-Clump Anti-Clump A Anti-Clump B Baffled Flask

Media X

Media A - -
Media B - - - -
Media C - - - -
Media D - - -
Media E - - - - -

High Medium Low Condition Not Tested Research Cell Bank Prepared Condition Targeted for Scale-up-

Figure 3. To reduce the aggregation seen with ReciBioPharm’s internal HEK293 cell line, various media and anti-clumping 
agents were tested for their ability to reduce aggregation, which are detailed here. Culturing the cells in Medium X with 
baffled flasks was selected for further testing

Figure 4. A – Comparing two anti-clumping agents from Lonza in Medium X. As seen by the low titers, both agents 
inhibited transfection; B – Testing ReciBioPharm’s In-House Cell Line in Medium X and Prime Expression Media, 
versus VPC 2.0 in Viral Production Media; C – Testing ReciBioPharm’s in-house cell line in Medium X, TransFX-H, and 
Viral Production Media (VPM)

4A 4B 4C
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Transfection Reagent Optimization
Further testing included evaluation of novel transfection reagents 
(Reagent A and Reagent B) for their ability to improve rAAV8 
productivity in Xcell-Eng-HEK293 cells. Transfection reagent B 
was tested against ReciBioPharm’s platform transfection reagent 
(Reagent A) using both a non-engineered AAV8 capsid (pRBP027) 
and an engineered AAV8 capsid (pRBP069), using both a small GFP 
transgene (~2500bp) and a large clinically relevant transgene (C003, 
~4900bp). As seen in Figure 5, transfection reagent B ultimately 
showed no significant benefit over A, but the use of engineered AAV8 
capsid (pRBP069) showed a clear benefit when paired with the large 
transgene, increasing both titer and percent full capsids.

Plasmid Engineering
To further improve rAAV production in the Xcell-ENG-HEK203 cell 
line, targeted plasmid sequence engineering was undertaken for a 
selection of serotypes, including AAV2, AAV6, and AAV8. Upon head-
to-head testing (Figure 6), marginally higher genomic titers were 
seen across all three serotypes when produced using engineered 
plasmids, along with significantly higher percent full capsid ratios. This 
indicates that the improvements made to the engineered Rep/Cap 
plasmid sequences have improved packaging efficiency. In addition 
to the serotypes shown here, this form of plasmid engineering can be 
applied to further serotypes, including those that are client-provided, 
to improve titer and percent full capsids.

Figure 5. Titer and % full capsid results for our comparison of 
VirusGEN and AAViator transfection reagents using two transgenes 
(~2,500bp & ~4,900bp) when produced using ReciBioPharm’s in-
house cell line

Figure 6. Genome titer andPercent Full Capsid results of 
ReciBioPharm’s capsid engineering efforts, showing higher 
titers and higher Percent Full Capsids across the three 
serotypes tested
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Following successful small-scale development ReciBioPharm’s Xcell-
ENG-HEK293 transient transfection process was evaluated for its 
scalability. Initially, this entailed scale-up to the 2L bioreactor using an 
Eppendorf BioFlo 320 system and single-use reactor vessels. 

As seen in Figure 7A, cell growth at both the 2L and 10L bioreactor 
scales was consistent with small-scale shake flask data, reaching a 
peak cell density of 4.0 x 107 cells/mL post transfection, and reaching 
a terminal % Viability of ~75% at harvest. When analyzed for genome 

BATCH-MODE SCALE-UP											                  

Figure 7. A – Cell Growth and Viability trends across three scales of rAAV8 production (NC202);  
B – DDPCR titer and Percent Full Capsid scale-up data

7A 7B

titer, shown in Figure 7B, the 2L bioreactor samples from this run 
exhibited titers of 1.56 x 1012 GC/mL, while the 10L bioreactor produced 
a titer of 1.46 x 1012 GC/mL. This compares favorably with the average 
shake flask titers of 1.48 x 1012 GC/mL. In addition, these samples were 
analyzed using ReciBioPharm’s Stunner-based Empty/Full method, 
exhibiting Percent Full Capsids of 31-34%, demonstrating consistency 
across scales. 
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Figure 8. Genome titer and % Full Capsid results for 15 rAAV serotypes produced using ReciBioPharm’s HEK293 cell line

Figure 9. Comparison of DDPCR genomic titer results across a variety of Gene of Interest (GOI) lengths packaged in an AAV8 capsid, produced 
using ReciBioPharm’s internal HEK293 cell line, showing a trend of decreased titer with increased transgene length

Serotype Analysis
To demonstrate the broad applicability of the Xcell-Eng-HEK293 cell 
line, a variety of fifteen rAAV serotypes, including various wild-type 
serotypes such as AAV1, AAV2, AAV5, AAV6, AAV8, and AAV9, along with 
commonly used engineered serotypes such as 2.7m8, PhP.eB, and DJ, 
were tested to determine titer and Percent full capsids.

As seen in Figure 8, all serotypes were able to be produced, with the 
majority exhibiting titers of greater than 1.0 x 1011 GC/mL and Percent 
Full capsids of >25%. These values would likely only increase with 
further targeted serotype-specific optimization. 

XCELL-ENG-HEK293 OFFERS BROAD APPLICABILITY				            	   		         

Genome Size Analysis
To demonstrate the applicability of the Xcell-Eng-HEK293 cell line 
to transgenes of varying size and composition, several GFP and 
therapeutic constructs were tested head-to-head. These transgenes 
varied in size from 2,499 to 5,919 base pairs, allowing us to also 
explore the packaging of oversized genomes.

All samples were analyzed using DDPCR targeting the ITR region of 
each transgene, as shown in Figure 9. All transgenes were successfully 
produced. However, as genome lengths increase, the packaging 
efficiency is reduced, resulting in lower genomic titers for these 
constructs. Further work is underway to improve the packaging of 
large transgenes.
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recibiopharm.com

About us
ReciBioPharm, a division of Recipharm, is a contract development and manufacturing organization (CDMO) specifically established 
to focus on serving companies seeking to develop and commercialize advanced therapy medicinal products (ATMPs). ReciBioPharm’s 
specialized CDMO capabilities include pre-clinical to clinical and commercial development and manufacture for new biological modalities 
encompassing technologies based on live viruses and viral vectors, live-microbial biopharmaceutical products, nucleic acid-based mRNA 
and plasmid DNA production. Led by a management team and technical experts with a proven track record in both process development 
and contract manufacturing, ReciBioPharm offers the knowledge and resources necessary to help customers develop and manufacture 
promising new therapies to meet the needs of patients across the world.

 � Commercially available HEK293 cell lines offer advantages such as 
their adaptability to suspension culture and their availability at GMP-
grade, but they are often burdened with challenges such as low 
productivity, inconsistent quality, and high cost. Improved cell lines 
are needed to overcome these challenges and improve accessibility 
to cell and gene therapy treatments

 � To address these limitations, ReciBioPharm has developed a novel 
manufacturing approach using a novel, internal suspension HEK293 
cell line, Xcell-Eng-HEK293. Development and optimization at small-
scale have enabled ReciBioPharm to create a robust, high-producing 
transient-transfection rAAV platform in these cells

 � The implementation of targeted aggregation reduction strategies, 
optimized media selection, as well as application of ReciBioPharm’s 
established rAAV production methodology to this cell line resulted in 
a greater then 60-fold improvement in titer over a legacy PEI-based 
rAAV production process, resulting in rAAV8 titers of 1.5 x 1012 GC/mL.

 � This platform has been validated through testing across multiple 
rAAV serotypes, and across multiple clinically relevant transgenes of 
varying size. This robustness will allow for rapid implementation of 
any client program

 � ReciBioPharm is ready to address the markets’ need for these critical 
gene therapy starting materials by implementing the Xcell-Eng-
HEK293 cell line in our clients’ processes, enabling higher rAAV yields 
and reduced costs.

CONCLUSIONS										             	                    
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