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Abstract: 

This application note presents transition of 
lentiviral vector (LVV) production processes  
from traditional 2D culture platforms to the 
advanced CellBRx® single-use bioreactor 
system. Utilizing adherent HEK-293T cells, the 
study demonstrates a scalable and closed 
manufacturing process enabled by the 
Dynamic Bed Reactor (DBR) architecture of 
CellBRx®. A 1 L bioreactor with integrated 
perfusion and automation capabilities 
supported high-density cell growth and 
efficient transient transfection using a four-
plasmid system. 

Compared to multilayer flasks, the CellBRx® 
platform delivered increased peak viable cell 
density and over 3-fold improvement in 
functional vector titer, while reducing 
contamination risk and operator handling. 
The results establish CellBRx® as a robust and 
scalable alternative for LVV manufacturing, 
capable of meeting the demands of clinical 
and commercial gene therapy production.
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Introduction

Lentiviral vectors (LVs) have emerged as a 
promising tool for gene therapy, offering the 
potential to treat a wide range of genetic 
disorders. Their ability to integrate into the 
host genome and deliver therapeutic genes to 
diverse cell types has led to significant interest 
in their development and application. 
Anchorage - dependent HEK-293T cells are 
the preferred host cell line for LV production, 
offering high transfection efficiency, robust 
growth characteristics, and a well-established 
safety record. Traditional 2D culture methods 
for HEK-293T cells, such as roller bottles and 
multi-layer flasks, suffer from limitations 
including uncontrolled & labor-intensive 
processes, contamination risks, and scalability 
issues. While alternative technologies like 
fixed and packed bed bioreactors and 
microcarrier systems have been explored, 
challenges in achieving uniform nutrient and 
gas distribution, as well as scalability and cost-
effectiveness, persist. To address these 
limitations, OmniBRx Biotechnologies Pvt. 
Ltd. has developed the CellBRx , a proprietary 
single-use bioreactor incorporating Dynamic 
Bed Reactor (DBR) technology. The innovative 
CellBRx bioreactor utilizes a unique cell carrier 
matrix design that provides a high surface 
area-to-volume ratio, enabling homogeneous 
nutrient and gas distribution throughout the 
culture. This feature makes CellBRx a highly 
efficient, cost-effective, and linearly scalable 
platform for producing biologics, including 
viral vectors and vaccines. As a pre-sterilized, 
pre-assembled, single use bioreactor 
equipped with single-use sensors, CellBRx 
offers a plug-and-play solution suitable for 
both R&D and commercial-scale production. 

Materials and Methods

Bioprocessing experiments were conducted 
on a 1L CellBRx platform comprising a 1L 
CellBRx Docking station controlled by Quad 
Controller Unit.

Cell expansion and seed development:

HEK-293T cells (ATCC CRL-3216) were used as 
the production host for LVV manufacturing. 
Cells were maintained in Dulbecco’s Modified 
Eagle Medium (DMEM; Gibco) supplemented 
with 10% heat-inactivated fetal bovine serum 
(FBS; Gibco) and 1% Penicillin-Streptomycin. 
Cells were cultured in standard T-175 flasks & 
2-layer Cell stacks under 5% CO₂ at 37 °C and 
sub-cultured every 2–3 days. Cultures with 
viability above 95% in log phase were selected 
for bioreactor inoculation. As a control, a two-
layer cell stack (CS-2) was used to benchmark 
the performance of the CellBRx bioreactor. 
The CF-2 was inoculated with HEK-293T cells 
at a seeding density of ~0.03 million viable 
cells per cm2, matching the initial cell density 
of the bioreactor vessel. The control flask was 
maintained under standard static culture 
conditions at 37 °C in a humidified incubator 
with 5% CO₂. To ensure experimental 
consistency, the transient transfection 
protocol and harvesting strategy was 
replicated as per the bioreactor runs, with 
volumetric scaling adjusted appropriately for 
the CF-2 surface area. 

This study demonstrates the successful scale-
up of HEK-293T cell cultures from 2D cell 
stacks (2 layer, CS02) to the CellBRx 
bioreactor, resulting in enhanced cell growth 
and increased viral vector titers. The 
integrated docking station and controller 
units provide robust process automation, 
minimizing manual intervention and 
maximizing process efficiency.
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Bioreactor System and Setup:

A 1 L CellBRx bioreactor system, featuring a 
proprietary Dynamic Bed Reactor (DBR) with 
1 m² dynamic-bed growth matrix, was used for 
the production run. The bioreactor was pre-
assembled, gamma-sterilized, and equipped 
with single-use optical pH and DO sensors. It 
was operated via its process controller 
integrated with “ProcessTogether” SCADA 
software for recipe control and data logging. 
The system allows real-time monitoring and 
control of all critical process parameters under 
21 CFR Part 11 compliance.

Bioprocess Parameters:

Cells were seeded at a density of 0.02–0.03 × 
10⁶ cells/cm² into the pre-equilibrated 
bioreactor. The culture was maintained under 
the conditions defined in the Table-1.

Transient transfection was performed using 
the PEI/DNA method. Four plasmids 
encoding the necessary lentiviral components 
were employed. Transfer plasmid encoding 
the gene of interest (e.g., GFP or CD19), the 
Packaging plasmids: Gag-Pol, Rev and the 
Envelope plasmid: VSV-G. The plasmid DNA 
mixture was prepared in an predefined mass 
ratio and added at a total of 3 µg DNA per 10⁶ 
cells. DNA was complexed with commercially 
available linear PEI (25 kDa) at 1:3 w/w DNA:PEI 
ratio) in Opti-MEM media and incubated for 15 
minutes at room temperature for complex 
formation. The complex was introduced 
dropwise into the bioreactor after pausing 
perfusion with gentle agitation to facilitate 
adsorption. Agitation and perfusion were 
resumed 2 hours post-transfection.

In-process analytics:

To monitor cell growth and metabolite profile, 
samples were collected from the CellBRx 
SUBs  and control Cell stacks. 

Two types of samples were collected from the 
CellBRx single-use bioreactors (SUBs) for daily 
analysis. 1) Culture medium samples were 
aseptically withdrawn from the integrated 
sampling port to monitor physicochemical 
parameters, including pH, glucose, and lactate 
concentrations. 2) Cell carrier samples were 
collected aseptically from the top access port 
of the SUB to evaluate adherent cell growth. 
Cell density was quantified using a nuclei 
staining method based on cell-permeable 
CVD dyes.

A standardized cell density estimation 
protocol developed by OmniBRx was 
employed to monitor cell growth within the 
CellBRx SUB. During the sampling activity, a 
designated sampling carrier was aseptically 
retrieved from the upper region of the bed 
matrix (sampling disc) and immersed in a 
nuclei staining reagent. The sample was 
incubated at 37 °C for 1 hours with 
intermittent vigorous shaking to facilitate cell 
lysis and release of nuclei. A 20–40 µL aliquot 
of the lysate was then diluted with 
phosphate-buffered saline (PBS) and loaded 
onto a Neubauer hemocytometer. Nuclei 
count was used to estimate total cell numbers 
using the following formula: 

Metabolite Profiling: 
Culture media samples were collected 
aseptically from the SUB sampling ports and 
analyzed for key metabolites using a 
biochemical analyzer. Glucose and lactate 
concentrations were quantified using an 
enzymatic electrochemical assay. 

Stage
Temp 

(°C)
pH DO (%)

Agitation 
(RPM)

Perfusion Strategy

Cell Growth 37 7.2 ± 0.2 40 40 2 L total over culture phase

Transfection 37 Not controlled 40 25 No perfusion

Post-transfection 37 Not controlled 40 50 1 vessel volume/day (1 VVD)

Harvest 37 Not controlled 40 50 2 L per Harvest

Table-1: Batch process parameters in CellBRx® 1 L bioreactor system

No. of cells / cm2 =  -------------------------------------------------------------------

Total no. of 
nuclei counted

Dilution 
factor 104 mL of nuclei 

count reagentx x x

Total of chambers counted x 130

Total cells in bioreactor =  No. of cells per cm2   x surface area of the 
bioreactor
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To re-calibrate the gamma irradiated single-
use pH sensors, off-line pH measurements of 
the culture supernatant were performed 
using a calibrated laboratory-grade pH meter. 
In case, any deviations were observed, the 
SUB’s in-line sensor values were recalibrated 
via the process control software to maintain 
accurate process monitoring.

To assess functional lentiviral titers, HEK-293T 
cells were transduced with a GFP-expressing 
LVV preparation. Samples were collected at 
24, 48, 72, and 96 hours post-transduction. 
The percentage of GFP-positive cells was 
determined via flow cytometry. These data 
were used to calculate:
• Total Transduction Units (TU) per batch
• Viral Titer per Surface Area (TU/cm²)
• Viral Titer per Volume (TU/mL)

Results and Discussion

Cell growth kinetics and metabolic activity 
were evaluated across three independent 
CellBRx SUB batches alongside parallel 2-layer 
Cell stack (CS02) control cultures. Both 
systems exhibited a comparable exponential 
growth phase through day 3. However, by the 
day of transfection, the CellBRx cultures 
achieved notably higher cell densities relative 
to the 2D controls.

Following transfection, cell proliferation 
plateaued in both platforms, as expected. 
Nonetheless, the CellBRx SUB consistently 
supported higher overall cell densities 
throughout the culture period, indicating 
enhanced growth performance under 
controlled perfusion conditions.

Figure-1: Schematic representation of the day-wise 
workflow and lentiviral vector (LV) production 
protocol in the CellBRx 1 L single-use bioreactor 
(SUB). The timeline includes key steps such as cell 
seeding, expansion phase, transfection, harvest of 
viral supernatant. The closed and perfusion-enabled 
design of the CellBRx SUB allows seamless execution 
of the entire upstream LVV production process. 
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Metabolite profiling revealed elevated glucose 
consumption and lactate production rates in 
the CellBRx SUB compared to the 2D 
cultures, suggesting higher metabolic activity 
associated with increased biomass. A marked 
decline in glucose uptake was observed post-
transfection in both systems, correlating with 
reduced proliferation. Importantly, all three 
CellBRx batches demonstrated consistent 
metabolic trends, underscoring the 
reproducibility and robustness of the process.

Figure-2. Cell growth profile in three CellBRx 1 L SUB 
batches (Batch 1–3) showed consistent trends with peak 
densities of ~0.29 mvc/cm² by Day 6, outperforming control 
cell stacks (~0.19 mvc/cm²)

Figure-3. Glucose consumption rate in three CellBRx 1 L 
SUB batches compared with control.

Figure-4. This plot depicts estimated concentration of 
Lactate in CellBRx 1 L SUB batches along with control.

Figure-5. Data representing Transduction Unit (Total TU & 
TU/cm2) of three SUB batches and control T-flasks.

Table 2: Showing the Total TU, TU/cm2 in three SUB and 
control Cell stacks.

Conclusion

This study validates the effective use of the 
CellBRx bioreactor platform for scalable 
lentiviral vector (LV) production utilizing the 
HEK-293T cell line. Compared to conventional 
2D culture methods, the CellBRx system 
demonstrated markedly improved cell growth 
and significantly higher functional viral titers 
(Transduction Units).

The platform’s innovative dynamic-bed 
design and precisely controlled 
microenvironment enabled enhanced 
volumetric productivity while reducing overall 
process time.

Lentiviral vector (LV) production was 
quantified in the CellBRx SUBs using 
functional titer assays. Key parameters, 
including total transduction units (TU), TU per 
surface area (TU/cm²), and TU per culture 
volume (TU/mL) were measured. Across all 
metrics, the CellBRx SUB yielded significantly 
higher LV titers compared to the 2D controls, 
highlighting the system’s capability for 
enhanced viral vector productivity (refer to 
Figure 5 and Table 2).
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TU/cm2 Total TU

Batch ID
Titer

TU/cm2 Total TU

Batch 1 2.42E+07 2.42E+11

Batch 2 1.09E+07 1.09E+11

Batch 3 1.87E+07 1.87E+11

Control (CS02) 7.87E+06 9.96E+09
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The inherent scalability of the CellBRx system, 
from bench-scale (1 L) to pilot (50 L) and 
commercial-scale (200 L) formats facilitates 
seamless technology transfer with consistent 
process performance. This linear scale-up 
capability ensures reliable manufacturing 
outcomes across development stages.
Distinct from other single-use bioreactor 
technologies, CellBRx offers several critical 
advantages:
• Lower operational costs: Compact 

footprint, reduced manpower, and 
optimized consumable usage.

• Enhanced process integration: Simplified 
workflows for cell harvest, metabolite 
sampling, and viral inactivation—all within 
the same bioreactor.

• Superior biological performance: High 
surface area for cell attachment and 
optimized culture conditions support 
robust cell expansion and productivity.

• Collectively, these attributes position the 
CellBRx platform as a highly efficient and 
cost-effective solution for lentiviral vector 
manufacturing at clinical and commercial 
scales.
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Outlook and Optimization Pathways:

An online “LVV concentration system” can 
be connected to the CellBRx 1 L bioreactor 
vessel by looping through the HFTFF (hollow 
fiber tangential flow filtration) recirculation 
loop, enabling in-line clarification and 
concentration of the viral supernatant. The 
harvest container, attached downstream of 
the loop, can be maintained at 2–8 °C to 
minimize the loss of LVV infectivity during 
continuous collection. This configuration can 
allow for closed, temperature-controlled, and 
real-time concentration of LVVs, reducing 
manual handling, process time, and 
contamination risk. Such a setup can 
significantly improve the efficiency, scalability, 
and quality assurance of LVV production 
processes.

The CellBRx-IST platform can be used to 
efficiently manufacture lentiviral vectors 
(LVVs) at commercial scale under GMP-
compliant conditions. Its modular integrated 
Seed-train design can support closed and 
automated upstream processes, minimizing 
contamination risk and manual work. High 
cell densities and consistent vector yields can 
be achieved through integrated perfusion and 
its dynamic-bed technology. With linear 
scalability up to 50 L & 200L scale, the 
platform can enable seamless technology 
transfer and reproducibility for clinical and 
commercial production.

To establish an efficient and scalable lentiviral 
vector (LVV) manufacturing process, below is 
a recommended list of bioreactor parameters 
and process variables that typically require 
further optimization studies:

Bioreactor Parameters:

• pH (during transfection and production 
phase)

• Agitation speed (during transfection and 
production phase)

• Perfusion rate
• Harvest volume Vs System volume: 

Process Variables:

• Seeding density Vs cell density at 
transfection

• Media formulation during transfection and 
production phase

• Impact of complete media exchange 
before 12 hours of transfection

• Harvest strategy
• PEI concentration & PEI:DNA Ratio
• Plasmid ratio
• DNA dose per cell
• Post-transfection incubation duration
• Impact of transfection enhancers
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Ordering Information

Sr# Product Catalogue No.

1 CellBRx® 350mL Quad Docking Station 470104.DS-350mL

2 CellBRx® Octa Controller Unit (350ml) 470101.ISTDS-1L

3 CellBRx® 1L Docking Station 470101.DS-1L

4 CellBRx® 5L Docking Station 470101.DS-5L

5 CellBRx® Controller Unit (1L/5L) 470101.CU (1/5)

6 CellBRx® 50L Docking Station 470101.DS-50L

7 CellBRx® 200L Docking Station 470101.DS-200L

8 CellBRx® Controller Unit (50L/200L) 470101.CU (50/200)

9 CellBRx® 1L Single-Use Bioreactor (1 m2) 410103.V1.H1

10 CellBRx® 5L Single-Use Bioreactor (10 m2) 410104.V1.H1

11 CellBRx® 50L Single-Use Bioreactor (100 m2) 410106.V1.H1

12 CellBRx® 50L Single-Use Bioreactor (250 m2) 410106.V2.H1

13 CellBRx® 200L Single-Use Bioreactor (1000 m2) 410108.V1.H1

14 CellBRx® 200L Single-Use Bioreactor (1500 m2) 410108.V2.H1


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7

