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Clinical translation of non-viral
gene editing: Efficient electroporation of
CD34+, NK, and T cells in large volume

Non-viral gene editing technologies have become attractive alternatives to viral transduction for 
cell therapy manufacturing, offering cargo flexibility and reduced safety concerns. Among these, 
electroporation is recognized as the gold standard and increasingly adopted in clinical applications, 
including the first approved CRISPR-based cell therapy product, Casgevy® Therapy. However, elec-
troporation approaches have historically faced challenges in scalability and process optimization, 
often resulting in lengthy development cycles and reduced efficiency at large volumes. To over-
come these limitations, we developed an improved cartridge design for our large-volume electro-
poration platform, enabling efficient delivery of complex cargos into up to 20 mL of cell suspension. 

K Stolle, S Müthel, F Morrissey-Wettey, H Goldfarb Wittkopf, S Kallipatti, N Kukli, N Poeppel, M Zander, G Andretta-Beu, V Annibaldi and A Toell
Lonza Cologne GmbH, Nattermannallee 1, 50829 Cologne, Germany
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All TherPEAK® Products are produced according to GMP and/or ISO standards and follow the USP/EP guidance for cell and gene therapy raw materials, as applicable. The Nucleofector® Technology is covered by patent and/or patent-pending rights 
owned by the Lonza Group Ltd or its affiliates. Lonza Nucleofector® Units are intended for research use or GMP manufacturing when appropriately qualified, equipped with our 21 CFR part 11 compliant software, and used in combination with our 
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Learn more.

T cells

Summary
The next generation 4D-Nucleofector® LV Unit PRO offers
•	 Reliable, robust and efficient delivery of complex, clinically relevant cargos 
•	 Easy scale up of cell engineering up to 4 billion cells 
•	 Applications protocols for T cells, NK cells and CD34+ HSC

Thus enabling non-viral manufacturing of cell therapy products

Cell material: T cells – Cryopreserved human 
PBMC (Lonza) or CD3+ Pan T Cells (Lonza),  
activated with TransAct™ (Miltenyi; 3 days) or 
Dynabeads (Thermo Fisher Scientific®; 2 days); 
CD34+ – Cells were isolated from a fresh  
mobilized leukopak and used fresh or cryopre-
served; NK cells – Isolation from CD34-depleted 
leukopak using negative isolation (Miltenyi),  
expansion w/ or w/o LCL-WEI for 12 – 14 days. 
Analysis: T/NK cells – TCR alpha (TRAC KO), 
CD45 KO and/or GFP (CRISPR KI or piggyBac®)  
expression was evaluated by flow  
cytometry (NovoCyte, Agilent). NK/CD34+ 
cells – gDNA was isolated and BCL11A or 
CD45 locus amplified using PCR, edit-
ing detection via Sanger sequencing.

Material and methods

Transfection: Cells were resuspended in P3 
Nucleofector® Solution, cargo was added, 
the mixture transferred into the required 
Nucleofector® Vessel and transfected. 

Abbreviations:
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)

Introduction

NK cells

R
el

at
iv

e 
in

te
gr

at
io

n
ef

fic
ie

nc
y 

(%
)

In
te

gr
at

ed
 e

ff
ic

ie
nc

y 
(%

) 

0

20

40

60

80

100

120

140

0

10

20

30

40

50

10
0 µL

KTU-3
651

PAS-2
16

3

NW
C-15

07
LV FV

LV PRO FV

10
0 µL

LV PRO FV

LV PRO FT; 10
 m

L

LV FV

LV FT; 10
 m

L

In
te

gr
at

io
n 

ef
fic

ie
nc

y
(%

 G
FP

+ 
ce

lls
)

Pr
ol

ife
ra

tio
n 

(v
ia

bl
e 

ce
lls

)

10
0 µL

LV PRO FV

LV PRO FT; 10
 m

L
0

10

20

30

40

50

60

86420
0

1×108

2×108

3×108

4×108

Days in culture

1E7 cells

Transposon/Transposase (piggyBac®) Scalability from 100 µL to 10 mL – piggyBac®

Relative efficiency of LV PRO FV for Transposase mRNA (43 µg/mL) + GenCircle™ Transposon (100 µg/mL; n = 2 donors)

Activated T cells Resting T cells

K
I e

ff
ic

ie
nc

y 
(%

 G
FP

+ 
ce

lls
)

Pr
ol

ife
ra

tio
n 

(V
ia

bl
e 

ce
lls

)

10
0 µL

LV PRO FV

LV PRO FT; 10
 m

L

LV FV
0

10

20

30

40

86420
0

1×108

2×108

3×108

4×108

Days in culture

5E6 cells 1E7 cells

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

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

K
O

 e
ff

ic
ie

nc
y

(%
 T

C
R

 n
eg

at
iv

e 
ce

lls

K
O

 e
ff

ic
ie

nc
y

(%
 T

C
R

 n
eg

at
iv

e 
ce

lls

10
0 µL

MOX-2
303

MUH-2
959

MXW
-0

943
LV FV

10
0 µL

LV PRO FV

LV PRO FT; 10
 m

L
LV FV

LV FV; 10
 m

L

LV PRO FV

0

20

40

60

80

100

0

20

40

60

80

100

Scalability – TRAC KO

KO in the constant region of TCRα (TRAC) with 0.77 µM 
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Scalability – CD45 KO

Performance is independent of volume  
or cell number

Scalability from 100 µL to 10 mL - CD45 KO

Transposon/Transposase (piggyBac®)  
and Base editing
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TRAC KO + piggyBac® Transposon System CRISPR/Cas9 Double KO of TRAC and CD45

Editing efficiency with Transposase mRNA  
(86 µg/mL) + GenCircle™ Transposon  
(200 µg/µL) and TRAC KO (0.77 µM RNP) (n = 2)

Efficiency with TRAC KO + CD45 KO for 0.77 µM Cas9 + sgRNA in 
ratio 1 : 2 each (n = 2 donors)
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Optimization with 100 µL cuvette Scalability from 100 µL to 8 mL – BCL11A KO

Base editing with ABE mRNA – CD45

KO of BCL11A with 1.25 µM Cas9 and  
sgRNA in ratio 1:4 (n = 3)

CA-137 (100 µL) LV PRO

Cas9 cut side Cas9 cut side

PAMsgRNA#1PAMsgRNA#1

Cas9 cut side

PAMmock sgRNA#1

Activation 

Day 0 Day 2 – 3 Day 6 – 10

Transfection Analysis

Isolation/Thaw Culture

Day 0 Day 2 Day 5 – 6

Transfection Analysis

Isolate Expansion on feeder cells

Day 0 Day 14 – 17 Day 18 – 24

Transfection Analysis

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 to up to 20 mL
•	 Electroporation of large volumes with up to 2E9 cells
•	 Flexible volumes in fixed volume  cartridge 

(0.5, 1.0, 1.5 or 2.0 mL)
•	 Easily compatible with cell densities from 2.5E7 to 1E8/mL

No commercial
use license fees
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100 μL LV PRO

Scalability from 100 μL to 4 mL – Base editing of CD45 Marker expression post-editing

A>G conversion in LV PRO FV for ABE mRNA (100 µg/mL) + CD45 
sgRNA (150 µg/mL; n = 3 donors)

Viability before transfection 96 %

Cell density for transfection 2.5E7/mL

Volume processed 4.00 mL

Volume recovered 3.53 mL

Volume recovery 88%

Input viable cell number 1E8

Output viable cell number 8.8E7

Cell recovery 88%
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KO of CD45 with 1.54 µM Cas9 and sgRNA in ratio 1:2 (n = 3 donors)
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A>G conversion

https://bioscience.lonza.com/large-scale-electroporation?utm_medium=qr&utm_source=RG&utm_campaign=bp-cgt-lv-qr-pdf-or-print&utm_sfdc_campaign_id=701Wj00001rQLUp&utm_term=disc-hcmt,modal-cgt&utm_content=scientific-poster

