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The EuLV® System, an inducible 
stable producer cell line for 
lentiviral vector production
Bofu Xue, Nathan Yang, Amon Liu, Bright Liu, Jessie Liu & 
Aaron Lin

Lentiviral vectors (LVV) are widely used in gene and cell therapy. A stable cell line based pro-
duction technology is crucial to the gene and cell therapy industry. This article introduces a 
stable producer cell line for LVV and its performance. In Phase 1, the packaging cell line, with 
lentiviral packaging genes gag/pol, rev and VSV-G is developed. In Phase 2, the producer 
cell line, with GOI stably inserted is developed. In Phase 3, all upstream and downstream 
processes based on stable producer cell line are developed.
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BACKGROUND 
There are two methods for 
producing lentivirus, one of 
which is transient transfec-
tion, using different trans-
fection reagents that can 
form complexes with DNA, 
allowing cells to take them 
up through endocytosis. This 
method is widely used clini-
cally, but due to its low titre 
and difficulty in scaling up, it 

cannot meet the current in-
dustrial needs. 

Another method of lenti-
virus production is using sta-
ble producer cell lines. Due 
to the low efficiency of stable 
gene insertion, the reported 
methods for constructing 
stable producer cell lines 
usually require introducing 
a large number of resistance 
genes for simultaneous or 

step-by-step screening. As 
a result of insufficient regu-
lation and expression opti-
mization of each lentiviral 
packaging gene, the final 
stable cell line may have high 
leaky expression during the 
construction of producer cell 
lines, resulting in unstable 
producer cell lines. These are 
unacceptable for pharmaceu-
tical industry. 
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EuLV® SYSTEM 
The EuLV® system produces lentiviral vectors 
using a stable producer cell line that enables 
high-density cell culture and inducible lenti-
viral production in chemically defined media 
with low uninduced leakage of producer cells 
to manageable levels (Supplementary Data 1). 

The flow chart of EuLV® system to con-
struct the producer cell line is shown in Fig-
ure 1. First, VSV-G, gag/pol, and rev were 
integrated into 293T cells, and the optimal 
packaging cell line was obtained through 
monoclonal and titre screening; then, the 
viral genome transcription cassette carrying 
target nucleic acid fragment was integrated 
into the packaging cells, after monoclonal 
and titre screening, the optimal producer cell 
line was obtained. Finally, production and 
purification processes were developed based 

on producer cell lines to obtain high-titre and 
high-quality lentiviral vectors. 

GENERATION OF PACKING CELL 
LINE & PRODUCER CELL LINE 
VSV-G, gag/pol, and rev were stably inserted 
into 293T cells to obtain packaging cell pop-
ulations, which were screened for monoclo-
nal cells using EuBioX (Supplementary Data 
2), best 10 high yielding cells were chosen 
by transient transfection using hPGK-lucif-
erase- IRES-EGFP plasmids (Figure 2). Then 
hPGK-luciferase- IRES-EGFP was stably in-
tegrated into the chosen packing cell to ob-
tain a population of producer cells, and the 
same procedure was performed to get high-
yield producer cells. The virus titre during the 
screening process is shown in Figure 3. 

 f FIGURE 1
In Phase 1, the packaging cell line with lentiviral packaging genes gag/pol, rev and VSV-G is developed.

In Phase 2, the producer cell line is developed with GOI stably inserted. In Phase 3, all upstream and downstream processes based on stable 
producer cell lines are developed.
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Cell culture 

Freestyle 293 and other 6 commercially avail-
able CDM medium was tested for lentivirus 
production and CDM#2 was chosen (Supple-
mentary Data 3). The producer cells are grown 
in suspension in shake flasks with an agita-
tion of 170 rpm using 2.6cm orbital shakers, 
8% CO2

 at 37 °C. Cells were passaged to 
0.5×106/mL when the cell density reached 
4×106~6×106/mL. 

Medium, feed & inducer 

In many lentivirus production processes, the 
fresh medium needs to be replaced before in-
duction or lentivirus production. These steps 
hinder the scale-up of the process. In EuL-
V®system, media, inducers, and feeds were 
screened and optimized, and a feed batch 

method for lentiviral production was devel-
oped (Supplementary Data 4).

LV production in tube & flask 

The producer cells were inoculated into 50mL 
tubes or shake flasks at a density of 0.5×106/
mL, and cultured for 5 days until the cell 
density reached about 1.2×107/mL, then the 
inducer and feed were added to start the len-
tivirus production, feed was added again after 
24 hours, and the supernatant was harvested 
after another 24 hours. The supernatant titre 
results in Figure 4. 

LV production in WAVE bioreactor 

Producer cells were seeded into WAVE bio-
reactors at 0.5×106/mL in a total reaction 

 f FIGURE 2
The hPGK-luciferase-IRES-EGFP (plasmid 19BF081) expression cassette is the Gene of Interest 
(GOI) , which is used for packaging cell line screening (single-plasmid transient transfection) and 
evaluation as well as producer cell line construction.

Luciferase assay is used to quantify the transduction titer (TU (RLU) /mL) of the produced lentivirus.

 f FIGURE 3
The viral titer from each clone in the process of producer cell line screening.

The x-axis shows the transduction titer measured from luciferase assay, and four rounds of screening are 
performed. The average titer increases nearly 100 folds after the fourth screening step. One of the best 
producer clones is selected to develop the lentiviral production process.
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volume of 1L. The reaction conditions were 
37°C, 8% CO2, the stirring speed was 20 
rpm, the angle was 10°, and the ventilation 
rate was 0.1 L/min. For the 1L reaction sys-
tem, cells were directly inoculated into a 1L 
reaction system and induced to produce lenti-
virus when the induction density was reached 
(Figure 5). For the 25L reaction system, cells 
were first inoculated into a 1L reaction sys-
tem, cultured for 3 days, then expanded to a 
5L system, cultured for 3 days, and finally ex-
panded into a 25L system, as shown in Figure 
6. The cells were cultured in the final system 
for 5 days, and the cell density reached about 
1×107/mL. The inducer and feed were added, 
and the culture was continued for 24 hours. 
The feed was added for the second time, and 
the supernatant was harvested after 24 hours.

PURIFICATION 
The purification steps are shown in Table 
1. First, Clarification by centrifugation or 
depth filtration and microfiltration to re-
move impurities such as cell debris (step 1). 
Then, the purified lentivirus was obtained by 

ion-exchange chromatography (step 2), ultra-
filtration concentration washing (step 3), gel 
filtration chromatography (step 4), and sterile 
filtration (step 5). See Supplementary Data 5 
for the lentiviral purity profile. 

ANTI-CD19 CAR-IE PRODUCER 
CELL LINE 
We also constructed the EuLV® antiCD19 
CAR-IRES-EGFP producer cell line (Figure 
7). Cell screening and process optimization 
are similar to hPGK-luciferase-IRES-EGFP. 
Results are shown in Figures 8 & 9. 

For this batch of experiment, we get 
8.13E10 TU per litre in the culture medium 
and 2.91E10 TU per litre after purification. 
From the result of HPLC analysis, the viral 
particle purity is 84.5%. The manufacturing 
process is still under optimization (Table 2).

OTHER GOIS 
In order to test the versatility of the EuLV® 
system, the other four GOIs were also used 

 f FIGURE 4
Viral titer produced in this process can increase 4 folds compared to the condition in FS293 
medium (induced at 4×106 cell/mL with 100% medium re-placement) , and this process is stable 
when tested in the shaking flask scale.
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to construct producer cell lines through pack-
aging cells, and the lentiviral yield was tested 
under adherent conditions. The structures of 
each GOI are shown in Figure 10, and the de-
tection results of lentiviral infection titres are 
shown in Figure 11. 

DISCUSSION 
Developing stable lentiviral vector-pro-
ducing cell lines is time-consuming and 

labour-intensive complex systems engineer-
ing that takes a year or more to fully develop 
and characterize cell line platforms. Due to the 
complexity of the work, much published work 
ultimately failed to meet the needs of the indus-
try due to issues such as titre, cell line stability, 
and culture adaptation. However, as compen-
sation, once a stable virus producer cell line is 
successfully developed, the technology has irre-
placeable advantages in the field of clinical and 
industrial applications, the stable producer cell 
line is more efficient than transient transfection 

 f FIGURE 5
Results of two batches of 1L-scale lentiviral production using EuLV® stable producer cell line in 
a WAVE20/50 bioreactor, and summarize the cell density and viability data during the 7-day 
culture and virus production period.

W514 (orange) and W527 (blue) are independent batches. InC stands for internal control, a 20 mL sample 
collected after cells are filled into the culture bag; ExC stands for external control, a 20 mL sample prepared 
from the same batch of seed. Both InC and ExC follow the same procedure as the WAVE bioreactor in a CO2 
shaker for culture and virus production. On day 0, cells are seeded at a density of 0.5×106 cell/mL and continue 
to expand until day 5, when the inducer is added. 48 hours later, on day 7, the virus in the culture medium is 
harvested and purified in the downstream process. The cell viability on day 7 remains above 85%, which is 
obviously beneficial to the downstream process.
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 f FIGURE 6
Cell density and viability data when the producer cells were amplified and induced for LVV pro-
duction in the WAVE bioreactor. 

Calculated as day 0 from the recovery of cells, on days 10 and 13, when the cell density reached around 5 million 
per mL, the cells were transferred to the next size of wave bag, and on day 18, inducer was added for the virus 
production. Same as the 1L data, cell viability is controlled over 80% upon harvest. 
And for the virus titer, we detected 3.8×108 TU/mL in the culture medium, 9.5×1012 TU/mL before harvest, and 
3.4×1012 after purification.

production in terms of process reliability, scale-
up capability, production cost, and virus prod-
uct safety. First, the stable producer cell line 
production process is more stable and can pro-
vide a fully characterized production platform 
to produce safer viral vectors with low batch-
to-batch variability; second, the process is easier 
to scale up, and the titre without drops rapidly 
problem when the culture volume increases; in 

addition, without the addition of raw materi-
als such as DNA plasmids and transfection re-
agents, the company does not need to establish 
an additional GMP production line for pro-
ducing plasmids; finally, it has the higher unit 
yield and simpler production process quality 
control. When expanding the production scale, 
the production process of stable production 
cell line will further highlight its advantages 
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 f FIGURE 7
The map of the GOI sequence has the typical anti CD19 CAR [1] sequence with additional IRES 
EGFP sequence. 

It is almost twice the length of the original anti CD19 CAR sequence. 

 f FIGURE 8
The monoclonal screening result.

The x-axis represents the viral titer measured by FACS, representing the 2nd and 3rd screening results. Each 
dot represents a transduction titer result from one single clone. After 3 rounds of screening, the best clone can 
reach 5×107 TU/mL measured by FACS. 

  f TABLE 1
Key data in the main purification steps from two 1L-batch of virus production.
Process flow Purity % TU titer 1E8TU(RLU)/ml Viral activity 1E6TU/ng p24 Inducer residue
Medium 1.55 ± 0.09 5.31 ± 1.73 1.92 ± 0.84 N/A
Step 2 73.61 ± 4.95 3.26 ± 1.03 1.89 ± 0.89 N/A
Step 3 97.86 ± 0.76 28.60 ± 5.94 2.21 ± 1.05 N/A
Step 5 97.94 ± 1.07 11.31 ± 4.24 2.02 ± 1.03 Not detected

The purity is measured by HPLC-SEC column. The transduction titer (TU titer) is measured by luciferase assay. The recovery rate based on physical 
titer (recovery-VP) is calculated based on the integration of peak area in the HPLC-SEC column analysis. The recovery rate based on transduction 
titer (recovery-TU) is calculated based on the luciferase assay. The virus activity is calculated by dividing the TU titer by the physical titer measured 
by ELSIA-based P24 protein quantitation method. The result is illustrated as transduction unit per ng of p24 protein.

  f TABLE 2
First, the lentivirus is removed by centrifugation or depth filtration, and then by 0.45-micron filtration to further 
remove impurities such as cell debris (step 1) and benzonase digestion (step 2).

Process flow Purity % TU titer 1E07Tu(RLU)/ml Recovery (TU based %) Inducer residue
Medium N/A 8.13 100 N/A
Step 1 0.16 7.74 80.14 N/A
Step 3 1.38 5.94 76.16 N/A
Step 4 34.4 7.61 49.85 N/A
Step 6 84.5 78.6 35.78 Not detected

Then, the purified lentivirus was obtained by ion-exchange chromatography (step 3), gel filtration chromatography (step 4), ultrafiltration 
concentration washing (step 5), and sterile filtration (step 6).
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 f FIGURE 10
Structures of 4 GOI, A:anti-BCMA vector [2], B:anti-HIV vector [3], C:Thalassemia Therapy vector [4], D:Temophilia Therapy 
vector [5].

 f FIGURE 9
Cell density and cell viability data in 1L WAVE bioreactor. 

Similar to flasks, they are induced on day 5 and harvested after 48 hours.
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 f FIGURE 11
During this study, the transduction titer of the enriched pool (EP*) of adherent EuLV® producer cells (EuLV®) is measured 
against the transient transfection method viral yield (293T). 

The viral titer is higher than the transient method. Since only EP* adherent cells are used for comparison, the viral yield will be improved over 10-
fold after cell single clone screening and suspension adaption.

in R&D, production, management, operation 
and maintenance, and cost. These advantages 
are beneficial to the promotion of technology 
and drug industrialization in the field of caus-
ative therapy and cell therapy. 

STABLE PRODUCER CELL LINE 
FOR LENTIVIRAL VECTOR 
PRODUCTION 
EurekaBio provides CRO services of the 
EuLV® system. Customers only need to pro-
vide gene sequences or plasmids, and Eu-
rekaBio will deliver the corresponding mono-
clonal cell line within 4 months (Figure 12). 

Other optional services are also provided, in-
cluding GOI optimization, clone identifica-
tion, stability research, upstream and down-
stream process development. 

 f FIGURE 12
EuLV CRO project development timeline.
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