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Enabling the development of 
better medicines
At MaxCyte®, we are driven by a shared purpose: enabling the development of new medicines that 
have the potential to meaningfully improve patients’ lives. We partner with therapy developers, 
providing technologies and services designed to advance novel programs from discovery 
through commercialization. Our portfolio brings together scalable non-viral cell engineering with 
comprehensive gene editing analytics, helping teams navigate complexity and move programs 
forward with confidence.

Our ExPERT™ electroporation platform delivers reliable, reproducible performance across a 
broad range of cell types and applications, supporting discovery, efficient process development, 
and seamless scale-up. These capabilities are complemented by a suite of SeQure™ gene editing 
safety and characterization assays, helping reduce program risks from the start by providing 
detailed insight into on- and off-target effects and supporting regulatory-aligned development 
strategies.

By combining scalable electroporation with comprehensive gene editing analytics, we help 
reduce uncertainty and strengthen development decisions, enabling confident progression 
toward clinical and commercial impact so your scientific advances translate into better outcomes 
for patients.
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The ExPERT DTx™ is a research-focused, modular electroporation 
instrument for small-scale, discovery and screening applications.

The DTx enables:

•	 Streamlined workflow optimization
•	 Scalability from discovery to process development                                    

and manufacturing
•	 Cost-effective screening
•	 Fine-tuning electroporation parameters
•	 High cell viability with maximum sample recovery

Volume Range: 20 µL – 50 µL
Cell Number Range: 1x105 – 1x107

Catalog Number: E-DTx

 MaxCyte ExPERT Instruments

The ExPERT DTx  is compatible with the new R-50x96™ well Processing 
Assembly, featuring
•	 Standard 96-well plate layout for electroporation of up to 96 samples 

in a single 3-minute run
•	 Twelve detachable 8-well strips for experimental flexibility and 

reduced waste
•	 Independent strip control enables each strip to be processed with 

unique parameters, minimizing waste and maximizing flexibility
•	 Sample volumes from 20–50 µL for small-scale screening 

applications using 1x105 - 1x107 cells per well*

*Cell numbers are approximate based on MaxCyte’s standard cell concentrations used at maximum and minimum volumes per reaction. 
Cell type and delivery agent will determine the optimal cell number recommended per each electroporation reaction.
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Name Description Volume Range Cell Number Range* Catalog Number

ExPERT DTx

One Electroporation (EP) Module I

One DTx Processing Assembly (PA) Module 

Electroporation Module Software (installed on 

the EP Module)

DTx Designer Software

E-DTx

Electroporation 
Module I

Electroporation Module I, with region specific 
power cord and connection port cover

Generates the energy for electroporation
EPU-1

DTx Processing 
Assembly Module

DTx Processing Assembly Module with module 
connection cable

Accommodates and delivers charge to the PA
DTx-96

DTx Designer 
Software

Remote software that enables users to design 
an experiment remotely and upload it to the 
EP Module 

DTx-RSW

R-50x96
(single)

Static 96-well processing assembly, RUO 

12 strips of 8 wells in a sealed tray with a lid
20 ml - 50 ml 1x105 - 1x107 DR050U96

R-50x96 
(10-pack)

Static 96-well processing assemblies, RUO

12 strips of 8 wells in a sealed tray with a lid
20 ml - 50 ml 1x105 - 1x107 DR050U96-10

ExPERT DTx Product List

*Cell numbers are approximate based on MaxCyte’s standard cell concentrations used at maximum and minimum volumes per reaction. 
Cell type and delivery agent will determine the optimal cell number recommended per each electroporation reaction.
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The ExPERT ATx® is a research-focused, 
high-performance electroporation 
instrument for small to medium scale 
transfection. Features include:

•	 High efficiency and viability at 
research scale

•	 Compatible with all MaxCyte 
static electroporation Processing 
Assemblies

•	 Seamless transition to STx and GTx 
platforms

•	 ISO-certified and CE-marked

Volume Range: 20 µL – 3.5 mL
Cell Number Range: 1x105 – 7x108

Catalog Number: E-ATx

The ExPERT STx® is the bio-pharmaceutical 
industry's leading scalable electroporation 
instrument for high yield expression of complex 
proteins, vaccines, and biologics. Features 
include:

•	 Easily adaptable platform providing high 
performance cell engineering with a large 
variety of cell types, scales, culture conditions 
and loading agents

•	 Higher yields saves time and cost
•	 Fast production of stable pools and clones
•	 ISO-certified and CE-marked

Volume Range: 20 µL – 100 mL
Cell Number Range: 1x105 – 2x1010

Catalog Number: E-STx

The ExPERT GTx® is the cell & gene therapy 
industry's leading clinically validated 
electroporation instrument for non-viral delivery 
of expression and editing molecules to achieve 
complex cellular engineering.  Features include:

•	 Closed system adaptable with Flow 
Electroporation® consumables

•	 21CFR Part 11 compliant software
•	 FDA Master File available to support         

regulatory filings
•	 For use in GMP compliant manufacturing
•	 ISO-certified and CE-marked

Volume Range: 20 µL – 100 mL
Cell Number Range: 1x105 – 2x1010

Catalog Number: E-GTx

 MaxCyte ExPERT Instruments
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 MaxCyte ExPERT Instruments

•	 Bench-scale modular design with Flow 
Electroporation® consumables, intuitive 
integrated software and user-friendly open 
architecture 

•	 Suitable for 21 CFR Part 11 and GMP 
compliant manufacturing

•	 FDA master file to reference in drug filings

•	 ISO certified and CE marked

Name Description Volume Range Cell Number Range* Catalog Number

ExPERT VLx™

The ExPERT VLx electroporator is the largest electroporation instrument 
available on the market today allowing for gram-scale protein production. Achieve 
reproducible results, superior transfection efficiency, cell viability and protein 
expression, even with difficult-to-transfect cell lines.

20 µL – 1 L 1x105 – 2x1011 VLX-100

R-1L VLx Processing Assembly (RUO) 100 mL – 1 L 2.5x108 – 2x1011 ER001L1-01

G-1L VLx Processing Assembly (GMP) 100 mL – 1 L 2.5x108 – 2x1011 EG001L1-01

R-/G-1L VLx
12” Tube 
Extension

12” tube extension, ¼” ID by 7/16” OD Red Stripe Sartorius TuFlux tubing, with CPC 
AseptiQuik Connector and CPC Quick Connect with a Plug, single pack. N/A N/A V1L12-01

*Cell numbers shown are based on one specific cell size and standard ranges of cell concentrations used per reaction. The specific cell type and delivery agent will 
determine the optimal cell number recommended per each electroporation volume. Please, reach out to your local field application scientist for guidance.

®
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Feature OC-25x3™ R-50x3™ R-50x8™ OC-100x2™ OC-100™ OC-400™ R/G-1000™ CL-1.1™ R/G-20K™ CL-2™

PA Type

High Volume 25 µL 55 µL 55 µL 100 µL 100 µL 400 µL 1 mL 3.5 mL 20 mL 100 mL

Low Volume 20 µL 45 µL 45 µL 50 µL 50 µL 200 µL 400 µL 1 mL 5 mL 10 mL

# Samples 3 3 8 2 1 1 1 1 1 1

High Cell* 5x106 1.1x107 1.1x107 2x107 2x107 8x107 2x108 7x108 4x109 2x1010

Low Cell* 1x105 2.25x105 2.25x105 2.5x105 2.5x105 1x106 2x106 5x106 2.5x107 5x107

• • • • • • • •

• • • • • • • • • •

Processing Assemblies Overview - Research and Process Development Applications

*Limits may vary based on cell type and application.
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RUO Consumables Product List

*Cell numbers are approximate based on MaxCyte’s standard cell concentrations used at maximum and minimum volumes per reaction. 
Cell type and delivery agent will determine the optimal cell number recommended per each electroporation reaction.

Name Description Reaction Volume Cell Number 
Range*

Catalog 
Number

OC-25x3 Static processing assembly, research grade, 3 wells, 25 µL per well volume, 
pack of 10 20 µL – 25 µL 1x105 - 5x106 SOC-25x3 • • • •

R-50x3 Static processing assembly, research grade, 50 µl volume, 3-well cuvette,        
pack of 10 45 µL – 55 µL 2.25x105 – 1.1x107 ER050U3-10 • • • •

R-50x8 Static processing assembly, research grade, 50 µL volume, 8-well cuvette,      
pack of 3 45 µL – 55 µL 2.25x105 – 1.1x107 ER050U8-3 • • • •

OC-100 RUO Static processing assembly, research grade, single well, 100 µL volume,            
pack of 10 50 µL – 100 µL 2.5x105 – 2x107 SOC-1 • • • •

OC-100x2 Static processing assembly, research grade, 2 wells, 100 µL per well volume, 
pack of 10 50 µL – 100 µL 2.5x105 – 2x107 SOC-1x2 • • • •

OC-400 RUO Static processing assembly, research grade, single well, 400 µL volume,           
pack of 10 200 µL – 400 µL 1x106 – 8x107 SOC-4 • • • •

R-1000 Static processing assembly, research grade, single well, 1 mL volume,                 
pack of 10 400 µL – 1 mL 2x106 – 2x108 ER001M1-10 • • • •

CL-1.1 RUO Closed processing assembly, research grade, single chamber, 3.5 mL volume,  
single pack 1 mL – 3.5 mL 5x106 – 7x108 SCL-1 • • • •

R-20K
Processing assembly for Flow Electroporation technology, research grade, 
20 mL volume, sample and collection PVC bags with luer locking syringe 
ports, closed system, bioweldable tubing, single pack

5 mL – 20 mL 2.5x107 – 4x109 ER020M1-01 • •
CL-2 RUO

Processing assembly for Flow Electroporation technology, research grade, 
100 mL volume, sample and collection PVC bags with luer locking syringe 
ports, closed system, bioweldable tubing, single pack

10 mL – 100 mL 5x107 – 2x1010 SCL-2 • •
R-1L Processing assembly for Flow Electroporation technology,1 Liter volume, 

sample and collection bags, single pack 100 mL – 1 L 2.5x108 – 2x1011 ER001L1-01 •

6



Feature G-1000 CL-1.1 G-20K CL-2 G-1L

PA Type

High Volume 1 mL 3.5 mL 20 mL 100 mL 1 L

Low Volume 400 µL 1 mL 5 mL 10 mL 100 mL

# Samples 1 1 1 1 1

High Cell 2x108 7x108 4x109 2x1010 2x1011

Low Cell 2x106 5x106 2.5x107 5x107 2.5x108

• • • •

• • •

Processing Assemblies Overview - GMP and Clinical Manufacturing Applications

maxcyte.com7



Name Description Volume Range Cell Number Range* Catalog Number

G-1000 Static processing assembly, clinical grade, single well,  
1 mL volume, pack of 10 400 µL – 1 mL 2x106 – 2x108 EG001M1-10 • •

CL-1.1 GMP Closed processing assembly, clinical grade, single chamber,  
3.5 mL volume, single pack 1 mL – 3.5 mL 5x106 – 7x108 GCL-1 • •

G-20K
Processing assembly for Flow Electroporation technology, clinical grade, 
20 mL volume, sample and collection PVC bags with luer  
locking syringe ports, closed system, bioweldable tubing, single pack

5 mL – 20 mL 2.5x107 – 4x109 EG020M1-01 •
CL-2 GMP

Processing assembly for Flow Electroporation technology, clinical grade, 
100 mL volume, sample and collection PVC bags with luer  
locking syringe ports, closed system, bioweldable tubing, single pack 

10 mL – 100 mL 5x107 – 2x1010 GCL-2 •
G-1L Processing assembly for Flow Electroporation technology, clinical grade,       

1 Liter volume, sample and collection bags, single pack 100 mL – 1 L 2.5x108 – 2x10¹¹ EG001L1-01 •

GMP Consumables Product List

*Cell numbers are approximate based on MaxCyte’s standard cell concentrations used at maximum and minimum volumes per reaction. Cell type 
and delivery agent will determine the optimal cell number recommended per each electroporation reaction.
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Name Description Catalog Number

Px5 Workflow Rack Static processing assembly holding and transport rack, 1 to 5 processing assembly holding capacity, 
pack of 2 RKPA5-02

3.5Kx3 Loading Rack CL-1.1 Closed Processing Assembly holding and transport rack, 1 to 3
processing assembly capacity, single pack RK3K3-01

ExPERT Docking Station Instrument adapter for R-50x8 processing assemblies, single pack DKS01-01

Px6s Workflow Rack R-50x8 processing assembly holding rack, 1 to 6 strip processing assembly capacity, pack of 2 RKS06-02

Px12s High Throughput Rack R-50x8 processing assembly holding rack, 1 to 12 strip processing assembly capacity, pack of 2 RKS12-02

R-50x8 Starter Pack Starter kit containing 3 R-50x8 multi-well processing assemblies, 1 ExPERT Docking Station, 2 
Px6s Workflow Racks, and 100 mL Electroporation Buffer SP050U8-03

Processing Assembly Accessories Product List

Name Description Catalog Number

TM-1 Testing and training processing assembly, static electroporation only, 
for VLx instrument, reusable TM-1

TM-2 Testing and training processing assembly for STx and GTx instrument 
platforms, reusable TM-2

maxcyte.com9



Name Description Catalog Number

Electroporation
Buffer, Small 100 mL electroporation buffer, clinical grade, clear plastic bottle EPB-1

Electroporation
Buffer, Large  500 mL electroporation buffer, clinical grade, clear plastic bottle EPB-5

Closed Process
Electroporation Buffer,
GMP, 500 mL

Electroporation buffer in closed bag with PVC tubing,  
clinical grade, 500 mL fill volume CBG500M-01

Closed Process
Electroporation Buffer,
GMP, 1 Liter

Electroporation buffer in closed bag with PVC tubing,  
clinical grade, 1 L fill volume CBG001L-01*

Low Conductivity 
Electroporation Buffer, 
Small

100 mL low-conductivity electroporation buffer, clinical grade, 
clear plastic bottle EPBLC-1*

Buffers and Buffer Bags Product List 

*for lead time and availability, please contact your local representative or orders@maxcyte.com 
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SeQure Genotoxicity and Risk Assessment Services

We offer a comprehensive portfolio of regulatory-aligned screening, nomination and confirmation assays to support the rigorous analytical and safety 
standards required for CRISPR/Cas-based genome editing safety assessments, from early discovery to pre-clinical and IND-enabling studies.

•	 Our screening assays offer early insights into on- and off-target editing, providing unmatched precision in guide RNA design and selection. Addressing 
safety and regulatory expectations during guide design may reduce risks, streamline development and accelerate your path to the clinic.

•	 Our suite of nomination and confirmation assays specifically addresses the need for sensitive, comprehensive, orthogonal assessment strategies to 
evaluate both on- and off-target editing events from CRISPR/Cas nucleases and base editors (ABE/CBE), as well as genomic integrity, and associated 
potential biological impacts. 

Results are delivered to you in a comprehensive report that provides clear, actionable insights and is ready for regulatory submission.

Your gene editing therapy is unique, so we tailor our packages to meet your needs. Please reach out to discuss your project.

SeQure assays are aligned with regulatory guidance. Our nomination and confirmation assays incorporate GLP principles and deliver data quality, reproducibility and 
sensitivity appropriate for regulatory submission.

To understand population 
genomic heterogeneity

Highly sensitive off-target 
detection

Multiple orthogonal 
assessment methods used

Evaluation of human cell 
types from multiple donors

Potential off-target biological 
impacts described

maxcyte.com11



Low cost, multiplexed version 
of the ONE-seq assay to enable 
screening of multiple guide RNAs

Limited search for early 
indication of off-target activity Target oligos 

synthesized on 
DNA chip 

(~50– 240k)

In silico preview of off-target 
search space

Avoid common and rare genetic 
variation at the on-target site

Integrates with standard ONE-
seq workflow

Computational 
search of multiple 

targets against 
multiple genomes 

Computational 
search of multiple 

genomes to identify 
putative off-targets

On-target 
variant 

analysis 

Off-target 
library size 

benchmarking

Analysis of 
potential biological 

impacts at off-
target loci

Summarize and 
report guide 

RNA risk profile

Uniform 
ONE-seq library

In vitro editing
(Cas9, Cas12a, 

ABE, CBE, etc.)

Deep NGS 
Sequencing

Off-target 
nomination / analysis 
of potential biological 

impacts

Regulatory guidance emphasizes the importance of optimizing gene editing components to minimize unintended genome modification. Sponsors are expected 
to describe the design strategy and screening workflow used to evaluate editing specificity and potential off-target effects as part of regulatory submissions.    

SeQure’s screening assays provide early insights into on- and off-target editing activity, supporting informed guide RNA design and selection. Integrating risk 
assessment at the design stage helps minimize downstream risk, streamline development, and accelerate confident progression to the clinic. These screening 
tools support early-stage variant-aware guide RNA design and selection, aligning with the FDA Guidance.
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Off-target nomination 
and analysis of potential

biological impacts

Population-scale variant-aware 
off-target detection

High sensitivity to low 
frequency off-target events

Computational 
enrichment of candidate 

off-target sequences 
from multiple genomes

Target oligos 
synthesized on 

DNA chip      
 (~50– 240k)

Uniform ONE-seq 
library

Deep NGS 
Sequencing

In vitro editing (Cas9, 
Cas12a, ABE, CBE, etc.)

Off-target nomination 
and analysis of potential

biological impacts

Orthogonal, unbiased in vitro 
off-target editing assay

Genomic DNA 
from cell type of 

interest

In vitro editing (Cas9, 
Cas12a, ABE, CBE, etc.)

Deep NGS 
Sequencing

The SeQure portfolio offers the most comprehensive suite of variant-aware off-target nomination assays available, leveraging multi-layered biochemical 
and cell-based approaches to deliver unmatched sensitivity and confidence in gene editing safety during preclinical development.

Off-target nomination 
and analysis of potential

biological impacts

Orthogonal, unbiased in vitro 
off-target nomination assay

Unedited genomic 
DNA from cell type 

of interest

Genomic DNA 
circularization

In vitro editing (Cas9, 
Cas12a, ABE, CBE, etc.)

Deep NGS 
Sequencing

Off-target nomination 
and analysis of potential

biological impacts

Orthogonal, unbiased cell-based 
off-target nomination assay

Deep NGS 
Sequencing

Tag-specific 
amplification

Nuclease-based 
gene editing with 

dsODN tag

maxcyte.com13



Sensitive detection of structural 
rearrangements in edited cells

Sensitive off-target verification 
and validation Report with potential

biological impact analysis

Report with potential
biological impact analysis

Gene editing in 
cells of interest

Gene editing in 
cells of interest

NGS sequencing

Multiplex targeted 
amplification

Rearrangement 
detection assay

NGS sequencing

SAFER Detection and Amplicon-seq are regulatory-ready assays that confirm precise gene-editing outcomes, detect structural rearrangements, and 
align with FDA guidelianes, minimizing therapeutic risk before regulatory filing.
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Scientific Resources

A Comprehensive Suite 
of On- and Off-Target 
Assessment Assays

Development and Rapid, 
Reproducible Manufacturing 
of TranspoCART Cells

Mammalian Display for 
the Development of 
Enhanced Affinity TCR-
Based Biologics

Pre-Clinical Risk Assessment 
of PCSK9 Guide RNAs

mRNA CAR NK Cells as a 
Potential Anti-Sarcoma, 
Solid Tumor Therapy

MaxCyte Enables a cGMP-
Compatible Manufacturing 
Process for Highly Efficient 
T Cell Engineering

Scientific Brief | Genome Editing

Since the development of CRISPR-Cas9 for targeted gene editing, the number of gene-edited cell therapies in development has 
significantly increased. With this rise came recognition of the need for industry-specific recommendations from international 
regulatory bodies. In 2024, the U.S. Food and Drug Administration (FDA) released its first Guidance for Industry addressing Human 
Gene Therapy Products Incorporating Human Genome Editing1. The FDA outlines considerations for product development and 
non-clinical and clinical studies and provides directions on the information that should be included in any Investigational New 
Drug (IND) filing.

Design and Screening of Gene Editing Components
The FDA recommends that developers “optimize the [genome editing] components to reduce the potential for off-target genome 
modification”, noting that a “description of, and rationale for, the design and screening processes should be provided in the 
IND”. Our SeQure screening assays offer early insights into on- and off-target editing, providing unmatched precision in guide 
RNA design and selection. Addressing safety and regulatory expectations during guide design may reduce risks, streamline 
development and accelerate your path to the clinic.

            Screening Assays

Guide Profiler offers rapid, in silico screening of gRNA sequences against over 3,500 diverse genomes from the 1,000 Genomes 
and HDGP initiatives, for identification of variants at the on-target site, and candidate off-target editing (Figure 1). Guide Select 
couples in silico and multiplexed biochemical analysis for robust, cost-effective risk assessment (Figure 2). These screening 
tools support early-stage variant-aware guide RNA design and selection, aligning with the FDA Guidance.

Figure 1. Description of the Guide Profiler screening process. 1) Computational (in silico) search for sequence matches, 2) On-target variant 
analysis, 3) Off-target library size benchmarking, 4) Analysis of the biological impact of cutting at putative off-target loci and 5) Summary report 
outlining candidate guide RNA risk profiles.

Figure 2. Description of the Guide Select screening process. 1) In silico search for sequence matches with ≤ 4 differences, 2) Target oligos 
synthesized on DNA chip (~50– 240k), 3) Uniform ONE-seq library, 4) In vitro editing with multiplexed gRNAs, 5) Deep NGS Sequencing, and 6) 
Report detailing biological impacts and preview of off-target nomination.

SeQure™ Risk Assessment Services Align 
with FDA Guidance for Gene-Edited Human 
Gene Therapy Products

1 2 3 4 5

1 2 3 4 5 6

maxcyte.com/sequre-dx

Ignite Your Cell Therapy 
Development With  
MaxCyte ExPERTTM 
Electroporation Platform

Let’s Build Better Cells Together.TM

Accelerate Antibody 
Development and 
Production

Let’s Build Better Cells Together.TM

info@maxcyte.com | maxcyte.com

A MaxCyte® Enabled Mammalian Display 
Method for the Development of Enhanced 
Affinity TCR-Based Biologics

Application Note | Cell Based Assays

Background
Cancer remains one of the leading causes of death globally, driving ongoing efforts to develop more effective treatments.  
T cell receptors (TCRs) are natively expressed on T cell membranes, where they recognize intracellular antigens that have been 
processed and displayed on target cells by human leukocyte antigen-1 (HLA-1). Because of their ability to recognize processed 
intracellular antigens, TCR-based cancer therapeutics (Figure 1) are emerging as an exciting alternative to bispecific antibodies 
or traditional CAR-T cells, which are restricted to antigens expressed on the tumor cell surface. 

Soluble, bispecific TCR-based T cell engagers are therapeutic proteins comprising a TCR-like domain that binds tumor peptide 
antigens displayed by HLA-1 (pHLA) and a domain to bind and recruit circulating T cells, typically based on an anti-CD3 antibody. 
If the naturally low antigen affinity of TCRs can be enhanced, T cell engagers have great potential as cancer immunotherapies. 

Yeast or phage display can screen millions of sequences to identify TCR variants with high antigen affinity. Unfortunately, TCR 
affinities can drop when those higher affinity TCR sequences are expressed for clinical manufacturing in mammalian cell lines 
with mammalian post-translational modifications. The mammalian display technique may be a better alternative, enabling the 
selection of high-affinity sequences in the final TCR-based bispecific context, avoiding reformatting or switching cell hosts for 
therapeutic manufacturing. Additionally, mammalian display may naturally select candidates with reduced immunogenicity, and 
favorable biophysical properties and developability1.

Mammalian display involves creating a library of mammalian cells that express variants of a candidate protein and display them on 
the cell membrane. The cells are then screened for antigen binding, and individual clones are selected, expanded and sequenced. 
There are various methods for mammalian display cell library creation, including gene editing techniques that can ensure the 
integration of one candidate sequence per cell. In this case, high-efficiency transfection of large numbers of cells is essential to create 
cell libraries with comprehensive representation of sequence variants. MaxCyte’s Flow Electroporation® technology can transfect 
up to 1x1011 cells in one cycle, reportedly enabling the generation of mammalian display libraries with up to 1x108 sequences2. 

Figure 1. Principles of T cell receptor-based immunotherapy. A) T cells engineered to express a recombinant T cell receptor (TCR-T cells) engage with 
a specific tumor antigen displayed as a peptide:HLA-1 complex on tumor cell membranes. Once bound to their target antigen, TCR-T cells can produce 
cytolytic granules for tumor cell killing. B) Soluble bispecific T cell engaging receptors (TCERs) with a T cell receptor domain and a T cell binding domain 
bind their specific HLA-displayed target tumor antigen and recruit circulating T cells for a potent anti-tumor response without T cell engineering. 
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Day 13Day 3–13Day 2

MaxCyte® enabled the development and 
rapid, reproducible manufacturing of 
TranspoCART cells.

Engineering Strategy
T cells were electroporated with SB100X 
mRNA and transposon minicircle DNA en-
coding a CAR and truncated human EGFR 
(tEGFR). Expression of tEGFR was used as a 
marker for successful transposon insertion 
and as a safety switch, enabling Transpo-
CART cells to be targeted and depleted 
on treatment with anti-tEGFR antibodies.

Results
MaxCyte electroporation enabled high-efficiency transposition to produce healthy, functional 
TranspoCART cells. 

No differences in transpoCART expansion (A) or the rate of transposon insertion (B) were seen between healthy donor and patient 
samples. TranspoCART cells from patients showed in vitro cytotoxicity against a CAR target-expressing cell line (C).

Scientific Brief | Cell Therapy

Abstract
The development and commercialization of potentially life-saving CAR T cell therapies have been complicated by the cost and 
complexities associated with viral vector transduction. Viral vector production is expensive and time-consuming, the T cell trans-
duction process may be problematic for sick patients, and there may be safety concerns about the unpredictability of the site 
of vector integration. MaxCyte’s clinically validated electroporation is more cost-effective, faster and can deliver multiple cargo 
types, enabling researchers to explore new cell engineering approaches and create better, more affordable therapies. 

Here, researchers developed a non-viral CAR T process using MaxCyte electroporation to deliver CAR transposon minicircle DNA 
and Sleeping Beauty 100X transposase mRNA (SB100X) to autologous patient T cells. The manufacturing process was repro-
ducible across two different sites and generated TranspoCART cells that prolonged survival in a mouse disease model.

Workflow Overview
The MaxCyte GTxTM was used to electropo-
rate primary human T cells with minicircle 
DNA and transposase mRNA to generate 
TranspoCART cells, a new generation of 
CAR T cell therapies.
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A SeQure™ Enabled  
Pre-clinical Risk Assessment  
of PCSK9 Guide RNAs

Application Note | Genome Editing

info@maxcyte.com | maxcyte.com

Background
Ischemic heart disease, caused by atherosclerosis, remains the leading cause of death worldwide. High levels of LDL cholesterol 
in the bloodstream are a contributory factor in the development of atherosclerosis. Long-term reduction of cholesterol levels 
may reduce the development of atherosclerotic plaques and the risk of cardiovascular events such as heart attacks and stroke. 

The LDL receptor is responsible for removing LDL cholesterol from the bloodstream. Proprotein Convertase Subtilisin Kexin  
type 9 (PCSK9) promotes the degradation of LDL receptors on liver cells, making PCSK9 a target for cholesterol-lowering  
treatment. Two cholesterol-lowering, anti-PCSK9 monoclonal antibodies are available, requiring repeated dosing every 2 to 4 weeks1. 

Gene editing is a promising alternative to existing therapies, offering the potential of one-off delivery for durable gene knockdown. 
Musunuru et al. recently reported a potential in vivo gene therapy strategy using base editing to reduce PCSK9 expression by 
disrupting splice donor and acceptor sites in the PCSK9 gene2. The authors identified three guide RNAs (gRNAs) with relatively 
high in vitro editing efficiency in primary human hepatocytes: PCSK9-1, PCSK9-3 and PCSK9-4.  This possible therapeutic approach 
was successful in cynomolgus monkeys, with stable (at least 8 months) reduction in circulating PCSK9 (90%) and LDL (60%) 
levels after a single treatment with lipid nanoparticles formulated with adenine base editor mRNA (ABE8.8) and PCSK9-1 gRNA. 

Therapeutic developers must submit an IND filing (USA), CTA (EU) or other regional regulatory application to progress to human 
clinical trials. The US FDA’s guidance to developers of gene and genome-editing therapies includes recommendations on the 
non-clinical safety assessment that should be included in an IND application3. These safety studies can include identifying, 
enumerating and characterizing on- and off-target editing events. Additional recommendations include using multiple (orthogonal) 
high-sensitivity methods to detect low-frequency events, considering genomic heterogeneity, and assessing the functional 
consequences of on- and off-targeting editing.

Aim
We used SeQure Guide Profiler to provide an initial ranking of eight of the gRNAs reported by Musunuru et al.2. Next, we used 
Guide Select for detailed profiling of the on- and off-target risk of the three gRNAs that guided the highest reported editing activity 
in primary human hepatocytes2. Finally, ONE-seq provided the highest sensitivity in silico and in vitro characterization of the best 
(lowest risk) guide RNA and nominated off-target sites for later in vivo confirmation.

Method Overview
Figure 1 provides a Guide Profiler workflow overview. Guide Profiler is an in silico assay that screens candidate gRNAs (up to 6 
differences) to identify potential off-targets, assess their biological impact, and analyze on-target variation to provide a gRNA 
risk profile for early informed gRNA selection. Off-target loci are identified by sequence similarity-based in silico searching of the 
hg38 genome and 3,502 haplotype-phased human genomes from the 1000 genome and HGDP initiatives.

Figure 1. Workflow overview of Guide Profiler. 1) Computational (in silico) search for sequence matches, 2) On-target variant analysis, 3) Off-target library 
size benchmarking, 4) Analysis of the biological impact of cutting at putative off-target loci and 5) Summarize and report guide RNA risk profile.
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Background
Sarcomas are a group of aggressive cancers with a particularly poor prognosis in cases of advanced disease; new therapeutic 
options are desperately needed.1 Despite the commercialization of multiple cell therapies for treating various hematological 
disorders, immunotherapies such as CAR T cells have not had overwhelming success in treating solid tumors. 

A greater appreciation of the innate anti-tumor role of NK cells and their compatibility with allogeneic transfer are driving efforts to 
develop CAR NK therapies for solid tumors. High NK cell infiltration in sarcomas is reportedly associated with improved survival, 
making a CAR NK treatment approach particularly attractive.2 Various gene editing and transfection methods have been used 
for CAR NK creation.3 Among these, CAR mRNA electroporation avoids potential challenges with genetic engineering and viral 
transduction in NK cells. 

Ephrin type-A receptor-2 (EphA2) is highly expressed in pediatric sarcomas. EhpA2 plays a critical role in developing embryos, 
but expression in adults is mainly restricted to proliferating epithelial cells. In preclinical studies, anti-EphA2 CAR cells (T and NK) 
have demonstrated efficacy against various carcinoma models, including sarcomas. 

Here, the authors developed anti-EphA2 CAR NK cells and evaluated their ability to target in vitro and in vivo models of pediatric 
sarcoma.2

MaxCyte® Workflow for CAR NK Production
NK92 or human primary NK cells were resuspended in MaxCyte electroporation buffer containing RNAse inhibitor and anti-EphA2-
CAR mRNA (200 µg/mL). Cells were electroporated using the  ExPERT STx® and an optimized, pre-loaded NK cell electroporation 
protocol. Following resting, cells were cultured for 24-72 hours before downstream analysis and functional evaluation.

Experimental Approach
The optimal method for CAR NK manufacturing was determined by comparing anti-EphA2 CAR mRNA delivery by lipid nanoparticles 
or MaxCyte electroporation. Anti-EphA2 CAR expression levels were determined by flow cytometry using an anti-CAR linker 
antibody. For subsequent experiments, CAR NK cells were manufactured by mRNA electroporation of peripheral blood-derived 
NK cells and NK92 cells. In vitro cytotoxicity and in vivo efficacy in an osteosarcoma mouse model were tested.

mRNA CAR NK Cells as a Potential 
Anti-Sarcoma, Solid Tumor Therapy

Day 0: Electroporation and Resting Day 1–3: Culture and Analysis
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Background

Excitement over recent breakthroughs in autologous 
cellular therapies has been tempered by the expense 
of manufacturing with viral gene delivery and concerns 
over random integration and the safety of viral vectors. 
MaxCyte offers a non-viral alternative that allows for 
site-specific delivery of transgenes through homology-
directed repair (HDR) and circumvents complex and 
expensive manufacturing procedures. Although CRISPR-
Cas9 technology has led to rapid advances in genetic 
engineering, the efficiency of knockin (KI) and absolute 
yield of live KI cells remain challenging, particularly for 
clinical and therapeutic applications.

In 2020, researchers in the Marson lab demonstrated that an HDR template 
with Cas9 target sequences (CTS) shuttle more efficiently to the cell nucleus, 
allowing RNPs to bind and facilitate KI. Even with improved KI, the absolute 
yield of engineered cells remained limited due to double-stranded DNA (dsDNA) 
toxicity.¹ Now, Shy, et al. have developed an innovative single-stranded construct 
with two short regions of double-stranded CTS at the sequence ends. This hybrid 
oligonucleotide allows Cas9 to bind more efficiently while overcoming the problem 
of dsDNA cytotoxicity. A recent article in Nature Biotechnology demonstrates the 
integration efficiency of these single stranded Cas9 target sequence (ssCTS), in a 
range of construct sizes, genetic loci, and cell types.²

MaxCyte electroporation technology enabled the delivery of long ssCTS HDR 
templates into difficult-to-transfect primary cells. This approach resulted in 
highly efficient integration (46–62%) of a B cell maturation antigen (BCMA)-CAR 
sequence into the TRAC locus of T cells. MaxCyte electroporation is clinically 
validated and scalable facilitating increased production of engineered cells for 
patient treatment. Finally, the delivery of BCMA-CAR sequences had minimal cell 
toxicity when CAR T cells were manufactured at clinical scale (>1.5 x 109 CAR+ 
cells) enabling the commercial production of quality, clinically active, genetically 
engineered cells for cancer treatment.

Aim

This groundbreaking study from the Marson lab developed a cGMP-compliant 
process for non-viral T cell engineering. The experiments featured here demonstrate 
the ability of the MaxCyte GTx™ to deliver ssCTS HDR templates and CRISP-Cas9 
RNPs to modify T cells in clinically relevant amounts. 

Method Overview 

The summary below outlines a large-scale manufacturing process for engineered 
CAR T cells. The procedure illustrates the seamless fit of MaxCyte enabling 
technology into a clinical-grade T cell manufacturing strategy. 

1. Harvest – T cells (~ 1 x 108) were harvested from two healthy donors by 
leukapheresis.

2. Activation – T cells were activated using CD3/CD28 Dynabeads™ and 
cultured with a cocktail of interleukins (IL-7 and IL-15). 

3. Electroporation – The MaxCyte GTx instrument efficiently co-delivered 
GenScript® ssCTS HDR templates and CRISPR RNPs. Primary T cells 
(2 x 108 cells per mL) were electroporated using the R-1000 processing 
assembly, rested at room temperature for 15 minutes, then cultured for 24 
hours. 

4. Expansion – Twenty-four hours after electroporation (EP) cells were treated 
with small molecule inhibitor cocktails, either non-homologous end joining 
inhibitor M3814 or MT (M3814 and histone deacetylase class I/II inhibitor 
Trichostatin A, TSA). Cells were expanded in a G-REX® culture vessel for 
7-10 days.

5. Characterization – Engineered cells were isolated and characterized by flow 
cytometry and immunophenotyping. The functionality of isolated CAR T 
cells was determined by in vitro killing assay and in vivo survival assays.

Experimental Design
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MaxCyte® Enables a cGMP-Compatible Manufacturing Process for 
Highly Efficient T Cell Engineering
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