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Abstract

Mammalian cells cultivated in vitro represent one of the 
most important manufacturing platforms for vaccine and 
gene therapy developers. Especially, human embryonic 
kidney 293 (HEK293) cells are an attractive and reliable 
host for numerous biotherapeutic platforms. HEK293 cells 
have a wide variety of advantages including low-main-
tenance, rapid proliferation, and convenient application to 
both, transient and stable expression. Furthermore, they 
are easy to transfect and can produce large amounts of 
recombinant proteins and virus particles. 
However, a major limitation of the cell line is its tendency 
to clump when converted to suspension format and there-

fore has been limited to adherent cell culture. To achieve 
large scale protein production, a new suspension-adapted 
HEK293 cell line, Expi293F™, was developed by Thermo 
Fisher. The new HEK293 cell line appears to be a robust 
suspension cell line capable of achieving greater per cell 
productivity in high density culture without clumping. 
In this study, we evaluated the cell line using bioreactor 
batch culture. We used a BioFlo® 320 bioprocess control 
system and a BioBLU® 3c Single-Use Bioreactor to carry 
out Expi293F batch culture in 2 L scale. In addition we 
monitored and analyzed the metabolites as well as cell 
density and viability during 11 days of culture.
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Introduction
Developing innovative preventive solutions through new 
vaccine technologies or gene therapy platforms that respond 
to new diseases is an important challenge in present day bio-
technology. The gene therapy market is projected to reach 
more than $ 3 billion by 2023 and the global vaccine market 
is expected to reach $46 billion by 2022, pushing them to 
the apex of the biotechnology food chain [1-3]. To produce 
high-quality biotherapeutics, process development involves 
several demanding components including cost, cell line 
development, small scale exploration, effective scaling, and 
optimization of upstream/downstream processes. 

The selection of the host cell is a key factor based on its 
capabilities and properties, including its ability to grow in 
suspension or adhere to a substrate. HEK293 is one of the 
most versatile mammalian cell lines with a wide range of 
applications including expression of recombinant proteins, 
antibodies and viruses. The HEK293 cell line was immortal-
ized in 1973 by the integration of a ~4.3 kbp adenoviral 5 
(Ad5) genome fragment containing the E1A and E1B genes, 
located on chromosome 19 [4,5]. E1A and E1B are essential 
helper factors for adeno-associated virus (AAV) manufacture, 
making these cells a popular host platform for AAV particles 
production [6]. Our goal in this project was to evaluate the 
suspension culture of Expi293F cell line using Eppendorf 
bioprocess equipment and assess its suitability in virus pro-
duction.  

HEK293 in gene therapy 
Gene therapy involves the transfer of functional genes into 
cells to replace absent genes or correct defective ones. In a 
typical protocol, the cells are extracted from the donor and 
genetically modified by introducing a new or modified gene 
to inactivate or to replace a disease-causing gene. These 
modified cells are then reimplanted in the subject (ex vivo 
strategy). In addition, a well-established cell culture platform, 
such as HEK293, can be used to produce viral or non-viral 
delivery vehicles to introduce the gene of interest (GOI). 

A well-established method (transient transfection) is fre-
quently employed to produce different vectors using adher-
ent human HEK293 cells cultivated in T-flasks or bioreactors. 
Prominent examples include lentivirus [7, 8], adenovirus 
[9,10], non-viral vectors [11], and AAV [12,13]. AAV repre-
sents one of the leading platforms for gene therapy due to its 
ability to provide in vivo long-term gene expression. Nearly 
200 AAV clinical trials and biotherapeutic protocols are in 
different stages of FDA review, in which the transient trans-
fection of adherent HEK293 cells has been the predominant 

platform [14,15]. We believe that the Expi293F cell line is a 
significant improvement over traditional HEK293 cell lines 
due to its robust growth under suspension culture conditions 
as well as its property of stable expression in addition to 
transient expression. 

HEK293 in vaccine production
During the last century, vaccines saved billions of lives 
throughout the world. Vaccine technology has distinguished 
itself as the most important development in the history of 
medicine. This unparalleled success has driven research-
ers to explore new and more efficient platforms to meet the 
constantly expanding demands of the industry. 

Conventional vaccines usually contain whole weakened or 
inactivated viruses or protein subunits made by the pathogen 
to trigger an immune response. The cell-based vaccine plat-
form is a well-established technology [16], offering several 
notable advantages: 

 > cell lines are well characterized and may be easily stored 
for future applications, 

 > their use avoids dependence on embryonated chicken eggs 
(ECE), whose quality is highly and unpredictably variable, 
despite their being the most common method used to 
develop vaccines, 

 > some viruses grow better in cells reducing the time to 
achieve high growth profiles [17],

 > compared to ECE, viruses propagated in mammalian cells 
have shown an antigenic profile similar or identical to that 
of the field virus [18], and 

 > scalability is superior to the ECE production platform [19]. 
Although numerous mammalian cell lines have been 

evaluated for vaccine production [20-24], and performance 
in gene therapy protocols, the HEK293 cell line is one of the 
most widely used cell platforms for these demands. Specifi-
cally, high yield adenoviral vectors (~4 x 1015 viral particles) 
have been obtained in stirred-tank bioreactor systems using 
microcarriers [25,26]. Adherent HEK293 cells are easy to 
cultivate at laboratory scale, and require less expert bioen-
gineering know-how, but when biotherapeutics production 
increases, suspension cell lines offer advantages in terms of 
scalability and robustness, using established stirred-tank bio-
reactor platforms. Eppendorf bioprocess systems, including 
BioFlo 320, are not medical devices and cannot be directly 
used for Gene Therapy and Vaccine production without spe-
cial approval process. However, it can be used for effective 
HEK293 suspension cell culture and virus  
production research including research in the Gene Therapy 
and Vaccine production field at R&D level. To this end, 
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Expi293F cells (a suspension adapted HEK293 cell line) can 
accelerate the therapeutics development by enabling rapid, 
high yield and scalable production of proteins, viral antigens 
and AAV particles. 

In this study, we used a BioBLU 3c Single-Use Bioreactor 
for Expi293F cell expansion and a BioFlo 320 as the biopro-
cess control system (Figure 1). We analyzed the cell growth, 
the viability as well as the metabolic activity (levels of glu-
cose, ammonia and lactate in the medium).

Material and Methods
Cell line and medium
We cultured the suspension Expi293F cell line (Thermo Fish-
er Scientific, USA) in Expi293 Expression Medium (Thermo 
Fisher Scientific, USA) formulated with GlutaMAX-I reagent. 
Expi293 Expression Medium is a chemically defined, serum 
and protein-free medium, ready to use without need for ad-
ditional supplements.

Inoculum preparation 
We rapidly thawed the cryovial containing 1 mL of Expi293F 
cells (Thermo Fisher Scientific, A14527) at 1 x 107 cells/mL, 
from a previously prepared cell bank, using a ThawSTAR® 
CFT2 instrument (MedCision®, USA). Just before the cells 

were completely thawed we decontaminated the vial wiping 
it with 70% alcohol before opening it in a laminar flow hood. 
We transferred the entire content of the cryovial into a 125 
mL disposable, sterile and vented shaker flask containing 
30 mL (24 % of the total volume) of pre-warmed Expi293 
Expression Medium (Thermo Fisher Scientific, A1435101). 
We cultured the cells in a New BrunswickTM S41i CO2 incuba-
tor Shaker (Eppendorf, Germany) at 37 °C, 8 % CO2 and at 
agitation speed of 125 rpm. We cultured the cells for 4 days 
after thawing and then determined the cell viability and total 
viable cells using a Vi-CELL XR cell viability analyzer (Beck-
man Coulter). We then performed the subsequent passages 
when the viable cell density reached around 3 x 106 cells/
mL (typically 4 days after shaker flask inoculation) reaching 
more than 900 x 106 cells in the third passage. During the 
expansion process we kept the inoculation density, percent-
age fill of the shake flasks and other parameters constant. 
Finally, we prepared the inoculum containing 800 x 106 cells 
in 200 mL of Expi293F Expression Medium. The cell expan-
sion workflow is shown in Figure 2.

Fig. 2: Inoculum preparation. 
			   Created with: BioRender.com.

Cryovial of cells ( 1 × 107 cells)

125 mL shake flask
Cell density ( 0.4 × 106 cells)

3x 125 mL shake flask
Cell density ( 0.4 × 106 cells)
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BioBLU 3c (2 L working volume)
Inoculation density ( 0.4 × 106 cells/mL)

Fig. 1: BioBLU 3c Single-Use Bioreactor (left) and BioFlo 320 
bioprocess control system (right).

Technical Features

www.eppendorf.group/bioflo320 

In this study, pH, DO, and temperature were controlled 
online. Get to know more about the possibilities for 
bioprocess control with the BioFlo 320.

https://eppendorf.group/bioflo320
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Bioreactor control 
We used a BioFlo 320 bioprocess control station to perform 
two batch cultures using BioBLU 3c Single-Use Bioreactors 
equipped with a single pitched-blade impeller. The bioreac-
tor unit is equipped with two universal port connectors for 
pH (port 1) and DO (port 2) sensors, an heat blanket connec-
tion providing precise temperature control, agitation control 
and a gas module that includes 3 TMFC, high-flow sparge 
drawer with a gas flow range of 0.04 – 20 SLPM.

Sensor calibration
Prior to the preparation of the BioBLU 3c Single-Use Biore-
actors, we connected the gel-filled pH sensor to the  
BioFlo 320 bioprocess controller. The software automatically 
detects the connected sensors to support an efficient work-
flow. We performed the calibration process according to the 
operation’s manual using buffer solutions of pH 7 and pH 4 
as “zero” and “span” respectively. Then, we disconnected 
the pH sensor and sterilized it in an autoclavable pouch.

BioBLU 3c Single-Use Bioreactor preparation and process 
parameters
We equipped the BioBLU 3c with a magnetic drive, the previ-
ously sterilized pH sensor, inserted in a spare PG 13.5 port 
under aseptic conditions in the Biosafety Cabinet, a polaro-
graphic DO sensor (Mettler Toledo®), an exhaust condenser, 
a 3-gas mixing line connected to the gas sparge port, and 3 
liquid addition ports (one for inoculation/glucose addition, 
one for base addition and another for the addition of 0.1 % 
of antifoam (Pluronic®-F68 surfactant, Life Technologies®, 
24040-032). Then, we controlled the temperature using a 
heat blanket. Finally, we introduced the 1.8 L of Expi293F 
Expression Medium into each bioreactor and conditioned for 
at least 24 hours under the parameters and setpoints listed in 
Table 1.

Expi293FTM cells culture on BioBLU 3c Single-Use Biore-
actor
We inoculated the BioBLU 3c Single-Use Bioreactors with 
the inoculum described above (see section “Inoculum prepa-
ration”) reaching 2 L as working volume with a cell density 
around 0.4 x 106 cell/mL and more than 95 % of cell viabili-
ty. We monitored the temperature at 37 °C and controlled the 
dissolved oxygen (DO) at 40 % using the 3-Gas Auto mode. 
In addition, we limited the oxygen flow to 0 – 1 SLPM and 
the air flow to 0.04 – 1 SLPM in the controller setup screen 
to avoid high gas flow that can cause DO fluctuation and 
excessive foaming in the beginning stage of the cells culture. 
In addition to the gas flow limit, we added Pluronic-F68 sur-
factant as needed. We used a gel-filled pH sensor to control 
the pH during the cell culture run at 7.0 (deadband = 0.2), 
using a cascade to CO2 (acid) and 0.45 M sodium bicarbon-
ate (base). We took a sample from the bioreactor daily and 
measured the pH, the cell viability and density as well as the 
concentration of various metabolites offline. 

Cell viability and metabolic activity
We collected samples on a daily basis from the BioBLU 3c 
Single-Use Bioreactors to determine the cell viability, cel-
lular density, and the concentration of metabolites (glucose, 
ammonia (NH3) and lactate), by connecting a sterile 5 ml 
syringe to the Luer Lock sample port. Then, we discarded 
5 mL of dead volume and collected again 3 mL (using a new 
5 mL sterile syringe) as a viable sample for analysis. We used 
1 mL to measure the metabolite levels employing a Cedex® 
Bio Analyzer (Roche, USA), 1 mL to measure the cell viability 
and density using a Vi-Cell® XR Viability Analyzer (Beckman 
Coulter®, USA) and 1 mL to check the pH offline using an 
Orion Star A211 pH meter (Thermo Fisher Scientific, USA), 
which we calibrate daily using standard pH buffers. 

Results and Discussion 
To evaluate the Expi293F suspension culture robustness, 
we performed two bioreactor batch culture runs using 
BioBLU 3c Single-Use Bioreactors controlled by BioFlo 320 
bioprocess controller. We used Expi293 Expression Me-
dium with additional glucose supplementation to extend 
the growth phase and increase the peak cell density. The 
inoculum was ready after the cell expansion in the New 
Brunswick S41i CO2 incubator Shaker at 37 °C and 8 % CO2 
and agitation speed of 125 rpm. We then inoculated the 
BioBLU 3c Single-Use Bioreactor with an initial cell density 
of 0.4 x 106 cells/mL under a controlled environment (see 
Table 1).  

Table 1: Process parameters and setpoints of the first and second 
experiments.

Parameters Setpoints
Starting volume 1.8 L

Ending volume 2 L

Initial agitation 120 rpm (0.4 m/s tip speed)

Temperature 37 °C

Inoculation density 0.4 x 106 cell/mL

Cell culture medium Expi293™ Expression Medium

DO Setpoint 40% (P=0.1; I=0.001)

pH Setpoint 7.0 (deadband = 0.2), cascade to CO2 (acid) 
and cascade to 0.45 M sodium bicarbonate 
(base)

Gassing range Air flow: 0.04 SLPM -1 SLPM 
O2 flow: 0 SLPM -1 SLPM
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In addition, we added Pluronic-F68 surfactant (0.1 %) to the 
medium in the bioreactor to decrease foaming produced by 
the gas introduced through the sparger. 

As shown in Figure 3A, we observed a rapid increase of 
cell growth between days 1 and 9 of culture, reaching a peak 
in viable cells density at 13 x 106 cells/mL, followed by a 
decrease in cell density and viability as anticipated. Fur-
thermore, we determined the consumption of glucose and 
production of lactate and NH3 while at the same time main-
taining the concentration of lactate and NH3 below 2 g/L and 
2 mmol/L respectively during the whole run (See Figure 3B). 
We performed bolus glucose supplementation (to maintain 
target concentration > 2 g/L in both runs) at days 3 and 5 to 
extend the growth phase. The ammonia concentration gradu-
ally increased every day up to 2.2 mmol/L on day 11. We 
believe the depletion of glucose and other nutrients  
contributed to the decrease of the cell density, starting from 
day 9. Overall, cell growth increased around 32-fold.

Conclusions
Using the BioFlo 320 bioprocess control system and  
BioBLU 3c Single-Use Bioreactors, we demonstrated the 
feasibility of applying glucose-enhanced batch culture 
technique to expand Expi293F cells rapidly up to 13 million 
cells/mL within 9 days. The efficient and straightforward 
configuration of the BioFlo 320 allows precise control of the 
cell culture environment, leading to reliable cell expansion. 
Although the experiments were conducted as feasibility 
studies and no optimization of conditions was attempted, we 
observed vigorous growth of Expi293F in suspension culture 
at a pace and simplicity close to Chinese hamster ovary 
(CHO) cells, the accepted industry standard. We believe that 
the Expi293F cell line has great potential in both vaccine and 
gene therapy method development when used in conjunction 
with Eppendorf’s advanced stirred-tank bioreactors. 

Fig. 3 : Expi293F growth profile in BioBLU 3c Single-Use Bioreactor in Expi293 Expression Medium. 
A: Expi293F cell density and viability. B: Metabolic profile.
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Ordering information
Description Order no. 
BioFlo® 320, base control station, no water connection 1379962911
BioFlo® 320, left-handed orientation/four front-mounted peristaltic pumps (3 @ 5 – 25 rpm/1 @ 20 – 100 rpm) 1379963211
BioFlo® 320, sparge gas option, 3 TMFC (0.04 – 20 SLPM) 1379501311
Accessories
Touchscreen Monitor Bundle, includes desk mount and 1 meter cable set, for BioFlo® 320 M1379-9906
Bioreactor
Single-Use Vessel Bundle, for BioFlo® 320, for BioBLU® 3c/5c M1379-0322
BioBLU® 3c, 1.25 L - 3.75 L, Microsparger, 1x pitched-blade 1386000100
BioBLU® 3c ,1.25 L - 3.75 L, Macrosparger, 1x pitched-blade 1386000300
BioBLU® 3c, 1.25 L - 3.75 L, Microsparger, 2x pitched-blade 1386120000
BioBLU® 3c, 1.25 L - 3.75 L, Macrosparger, 2x pitched-blade 1386121000
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