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Two steps are better than one: improving gene editing to
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Gene editing enables scientists to make precise changes to the genome of

an organism using the cell’s own ability to repair damaged DNA using a

supplied DNA template. In recent years, gene editing has been applied clin-

ically in the treatment of diseases such as cancer. Gene editing has been

used in a type of immunotherapy, known as chimeric antigen receptor-

expressing T cell (CAR-T) therapy, to restore the body’s ability to find and

kill specific cancer cells. For this therapy, viruses are often used to supply

the cell with the DNA template used for creating the edit in the target

DNA. However, the use of viruses in this context is laborious and costly.

Developing non-viral methods for delivery of DNA templates for gene

editing would circumvent these problems, but current methods can have

toxic effects on cells and result in low editing efficiency. In a new article

published in this issue, Yang et al. describe a novel method for viral-

independent delivery of naked DNA and its incorporation into the genome

for engineering cells for CAR-T therapy.

In recent years, advances in research and treatment

options have improved the prognosis and life expec-

tancy of many people with cancer. The immune system

includes white blood cells, such as T cells, which rec-

ognise misfunctioning or infected cells and target them

for destruction. However, cancerous cells can evade

attack by the immune system, leading to uncontrolled

growth and the potential for metastasis into different

tissues [1]. Immunotherapy drugs act by restoring the

function of immune cells to enable them to recognise

and eliminate cancerous cells. Chimeric antigen

receptor-expressing T cell (CAR-T) therapy is a type

of gene editing-based immunotherapy that involves

engineering immune cells, specifically T cells, to recog-

nise and destroy cancer cells. This treatment can have

profound antitumour effects in patients with blood

cancer, dramatically improving survival rates [2].

Gene editing enables scientists to make precise

changes to the DNA in a cell. This technology

harnesses the cell’s built-in machinery to repair dam-

age to DNA. Firstly, the cellular DNA is cut by a spe-

cialised enzyme called a nuclease. One class of

nucleases used for gene editing are the transcription

activator-like effector nucleases (TALENs), which can

be engineered to target specific DNA sequences and

have been used for gene editing of T cells to generate

CAR-T cells for therapy [3]. The TALENs are deliv-

ered as mRNA, which reduces the chance of introduc-

ing undesired mutations as it cannot integrate into the

cellular DNA. In addition to a nuclease, researchers

also need to supply an exogenous DNA sequence

which guides the repair process. A viral vector is often

used to carry such DNA sequences into the cell. How-

ever, there is a limit to the size of DNA that can be

carried, and viral vectors can be expensive and labori-

ous to produce [4]. Viral-free delivery of DNA would

circumvent these limitations, but naked DNA can be

toxic to cells and methods so far have resulted in
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limited editing efficiency. As CAR-T therapy extends

to target different cancers, it is important to overcome

these limitations to enable rapid and cost-effective

development of new CAR-T therapies.

In this issue, Yang et al. [4] describe an optimised

method for virus-independent delivery of repair tem-

plates for TALEN-mediated editing of T cells for use

in CAR-T therapy. The authors first introduced (trans-

fected) TALEN mRNA into human T cells. At 24 h

after transfection, the quantity of TALEN mRNA was

31% of the amount at initial transfection. The amount

of TALEN protein increased over time until 20 h and

was undetectable after 48 h. The authors hypothesised

that by introducing a repair template at the peak of

TALEN protein expression levels (i.e. at 20 h), they

could increase the efficiency of gene editing. Rather

than introducing TALEN (as an mRNA) and the tem-

plate (a DNA sequence) into the cell at the same time

through a one-step process, they would introduce them

at different times in a two-step process, so that the

DNA would be introduced when TALEN protein

expression was at its peak (Fig. 1). Moreover, as the

delivery of mRNA and DNA do not always involve

the same procedure, separating the process into two

allows independent optimisation of each step.

The authors examined the effects on gene editing of

introducing the DNA repair template at different times

after transfection with TALEN mRNA, observing a

threefold higher insertion frequency at 16 h as com-

pared to 0 h. Critically, the authors also tested

whether the edited cells were viable and could function

as immune cells. To do this, they measured the num-

ber of viable cells over time and found that there was

no statistically significant difference between the num-

ber of cells at 0 and 20 h post-DNA electroporation.

Furthermore, the authors found that the T cells which

had been engineered using their two-step electropora-

tion method were better at killing target cancer cells

in vitro.

Overall, the authors demonstrated that two electro-

poration steps, the first to introduce TALEN mRNA

and the second to introduce the repair template at the

time of peak TALEN expression, leads to the highest

number of edited CAR-T cells. They also showed that

these are viable and functioning immune cells.

Although this study focussed on the use of TALENs

for gene editing, future work could include testing

whether other gene editing technologies, such as

CRISPR, produce similar results. The development of

methods to reduce the cost and increase the efficiency

of gene editing in CAR-T therapy may facilitate the

target and treatment of additional cancer types.

Acknowledgements

The author would like to thank Dr. Duncan Wright,

Prof. Cornelia de Moor and Prof. Miguel De La Rosa

for constructive criticism of the article. Fig. 1 uses

royalty-free images from Pixabay.

Conflict of interest

The author declares no conflict of interest.

Author contributions

FM wrote the article and created the figure.

References

1 Muenst S, L€aubli H, Soysal SD, Zippelius A, Tzankov

A, Hoeller S. The immune system and cancer evasion

strategies: therapeutic concepts. J Intern Med.

2016;279:541–62.
2 Wang Z, Wu Z, Liu Y, Han W. New development in

CAR-T cell therapy. J Hematol Oncol. 2017;10:53.

TALEN mRNA

Electroporation step 1

20 h

Repair template 
supplied

Electroporation step 2

CAR-T cells

T-cells

Fig. 1. Two-step electroporation for viral-independent delivery of

template DNA for ex vivo gene editing of T cells for CAR-T

therapy. The first electroporation introduces TALEN mRNA, and

then, 20 h later at peak TALEN protein expression, the second

electroporation delivers the repair template DNA to complete gene

editing and create viable T cells.
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