
Non-viral and large-scale  
delivery of gene editing tools  
for T-cell manufacturing

In recent years, non-viral methods for cell engineering have emerged as promising alterna-
tives to viral transduction. Amongst virus-free technologies, electroporation is considered the 
gold standard, with an increasing presence in clinical trials. Historically, non-viral cell transfec-
tion methods, including electroporation, have been reported to suffer with poor scalability and 
lengthy optimization, sometimes linked to unsatisfactory transfection efficiency at large scale. 
An ideal technology platform should enable process development and optimization at small 
scale, with minimal effort required for scaling up and translation to clinical settings.
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With our 4D-Nucleofector® LV Unit PRO we provide:
•	 An optimized cartridge design for improved performance 
•	 Efficient electroporation of complex cargos like CRISPR/

Cas9 or Transposon/Transposase
•	 Easy scale up from 100 µL up to 20 mL
•	 Electroporation of large volumes with up to 2.0 x 109 T cells
•	 Flexible volumes in fixed-volume cartridge (0.5, 1.0, 1.5 or 

2.0 mL)
•	 Compatibility with cell densities from 2.5x 107 to 1x108/mL

Cell material: Cryopreserved human PBMC 
(Lonza) or CD3+ Pan T Cells (Lonza), activated 
with TransAct™ (Miltenyi; 3 days) or Dynabeads 
(Thermo Fisher Scientific®; 2 days) 
Transfection: Cells were resuspended in P3 
Nucleofector® Solution, cargo was added, 
the mixture transferred into the required Nu-
cleofector® Vessel and transfected.
Analysis: On day of analysis, TCR alpha (TRAC 
KO) and/or GFP (KI or transient) expression was 
evaluated by flow cytometry (NovoCyte, Agi-
lent). Cell count and cell viability were assessed 
with NucleoCounter® NC-202 (Chemometec). 

Figure 1. 
Transfection efficiency 20 µg/mL eGFP mRNA (n = 2 donors)

Figure 3. 
Transfection of Transposase mRNA (43 µg/mL) + GenCircleTM Transposon (100 µg/mL; n = 2 donors)

Figure 2. 
Transfection efficiency 20 µg/mL plasmid (3.5 kB) or 37.5 µg/
mL plasmid (5.0 kB) (n = 2 donors)

Plasmid size: 3.5 kb Plasmid size: 5.0 kb

100 µL – 	 100 µL Nucleocuvette® Vessel 
LV PRO FV – 	Fixed volume 2 mL  
	 Nucleocuvette® Cartridge PRO 
LV PRO FT – 	Flow-through LV Nucleocuvette® 
	 Cartridge PRO
LV FV – 	 Fixed volume 1 mL Nucleocuvette®  
	 Cartridge (1st generation)
LV - 	 Large volume

Lonza Cologne GmbH – 50829 Cologne, Germany

This research was conducted under a non-exclusive sublicense granted by Arsenal Biosciences, Inc. to U.S. and ex-US patents and pending applications directed to targeted nonviral DNA insertion.
Lonza Group Ltd. and its affiliates (collectively and individually, “Lonza”) make efforts to include accurate and up-to-date information. However, Lonza makes no representations or warranties, express or 
implied, including as to accuracy or completeness of information. All trademarks belong to Lonza, and are registered in the USA, EU and/or CH, or used in common law, or belong to third-party owners 
and are used for only informational purposes. All third-party copyrights have been reproduced with permission from their owners. The user bears the sole responsibility for determining the existence of 
any third-party rights and obtaining any necessary licenses and approvals. For more information, including regarding legal disclaimers, Lonza’s intellectual property rights, and how Lonza collects, uses and 
protects personal information: www.lonza.com/legal, https://www.lonza.com/about-us/strategy/intellectual-property and http://www.lonza.com/privacy.

©2025 Lonza. All rights reserved.� CT-PO026 09/25
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Material and methods

Scalability – mRNA

Scalability – activated T cells

Cell proliferation Cell viability

Abbreviations

Scalability – plasmid

Scalability – resting T cells

Scalability from  100 µL to 10 mL  – activated T cells

Introduction

Transient cargos

piggybac® Transposon System

Donor 1 2 3 4 5 2
Vol (mL) FV /FT 0.5/20 0.5/20 0.5/10 1.5/20 1.5/10 0.5/10
Cell Density  
(×106 cells/mL)

50 50 100 50 100 50

HDRT (Kb) 3.5 3.5 3.5 3.5 1.4 1.4

10
0 µL

PAS-2
16

3

IXX-0
842

KCS-17
32

LV FV
0

20

40

60

80

100

Tr
an

sf
ec

tio
n 

ef
fic

ir
nc

y
(%

 G
FP

+ 
ce

lls
)

LV PRO FV

10
0 µL

LV PRO
FV

LV PRO
FT (1

lin
e)

LV PRO
FT (2

lin
es

)
0

20

40

60

80

100

Tr
an

sf
ec

tio
n

ef
fic

ie
nc

y
(%

G
FP

+
C

el
ls

)

Tr
an

sf
ec

tio
n 

ef
fic

ir
nc

y
(%

 G
FP

+ 
ce

lls
)

Tr
an

sf
ec

tio
n 

ef
fic

ir
nc

y
(%

 G
FP

+ 
ce

lls
)

20 µL

10
0 µL

MXW
-0

943

KTU-3
651

MUH-2
959

LV FV

LV PRO FV

10
0 µL

MXW
-0

943

KTU-3
651

MUH-2
959

LV FV

LV PRO FV

0

20

40

60

80

100

0

20

40

60

80

100

R
el

at
iv

e 
in

te
gr

at
io

n
ef

fic
ie

nc
y 

(%
)

R
el

at
iv

e 
nu

m
be

r
ed

ite
d 

ce
lls

 (%
)

0

20

40

60

80

100

120

140

0

20

40

60

80

100

120

140

10
0 µL

KTU-3
651

PAS-2
16

3

NW
C-15

07
LV FV

LV PRO FV

10
0 µL

KTU-3
651

PAS-2
16

3

NW
C-15

07
LV FV

LV PRO FV

R
el

at
iv

e 
in

te
gr

at
io

n
ef

fic
ie

nc
y 

(%
)

R
el

at
iv

e 
nu

m
be

r
ed

ite
d 

ce
lls

 (%
)

10
0 µL

TGL-13
08

VKO-13
08

MXW
-0

943

LV PRO FV

10
0 µL

TGL-13
08

VKO-13
08

MXW
-0

943

LV PRO FV

0

20

40

60

80

100

120

140

0

200

400

600

800

Scalability – TRAC-GFP KI

TRAC-KO + piggybac® Transposon System 

Scalability from 100 µL to 10 mL – TRAC-GFP KI

Scalability - Different HDRT sizes

Robustness – RAB11A-GFP KI 

Scalability – Different input volumes

CRISPR/Cas9 Double KO of TRAC and CD45

Scalability from 100 µL to 20 mL – RAB11A-GFP KI 

CRISPR/Cas Knock-in

Double editing

Summary

Figure 5. 
TRAC KI with 0.77 µM Cas9 and sgRNA in ratio 1:2 plus 50 nM dsDNA HDRT (n = 6 donors)

Figure 10. 
Editing efficiency with Transposase mRNA (86 µg/mL) +  
GenCircleTM Transposon (200 µg/µL) and TRAC KO (0.77 µM RNP)

Figure 11. 
Efficiency with TRAC KO + CD45 KO for 0.77 µM Cas9 + sgRNA in 
ratio 1:2 each (n = 2 donors)

Figure 7. 
Editing with 0.77 µM Cas9 and sgRNA in ratio 1:2 plus 50 nM 
dsDNA HDRT (n = 2 donors)

Figure 8. 
Editing with 0.93 µM Cas9 and 
sgRNA in ratio 1:2 plus 8.4 µM 
dsDNA HDRT (n = 1 donor)

Figure 6. 
KI efficiency with 0.77 µM (TRAC) or 0,93 µM (RAB11A) Cas9 and sgRNA in ratio 1:2 plus dsDNA HDRT (n = 2 donors)

Figure 9. 
KI efficiency with 0.93 µM Cas9 and sgRNA in ratio 1:2 plus dsDNA HDRT
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CRISPR/Cas9 Knock-out

Figure 4. 
KO in the constant region of TCRα (TRAC) with 0.77 µM Cas9 and sgRNA in ratio 1:2 (for FV n = 4 donors; for FT n = 1 donor)

The next generation 4D-Nucleofector® LV Unit PRO can reli-
ably support non-viral manufacturing of genetically modified 
T cells. It helps enable:

•	 Reliable, robust and efficient delivery of complex, clinically 
relevant cargos

•	 Easy scale up of the cell engineering process for up to 1 
billion cells
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