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Effective methods for intracellular delivery of 

nucleic acid, protein or other cargo presents an 

ongoing challenge for both basic research needs 

and clinical applications. With the expansion of 

CRISPR/Cas9 gene editing for research and 

therapeutic purposes (Fellmann, Gowen et al. 

2017) and with recent clinical successes of 

genetically modified cell therapies for cancer 

treatment (Brudno and Kochenderfer 2018), 

improvements to existing gene delivery 

technologies have been highly sought after 

(Singh, Shi et al. 2017). The main approaches 

can be generally categorized as viral, chemical, 

or physical techniques. In their review, Tay and 

Melosh describe these different approaches for 

cellular transduction in mammalian systems 

with a focus on technological improvements 

made within the last year to each (Tay and 

Melosh, 2018). 

Types of intracellular delivery 

Approaches for intracellular delivery of 

molecules (DNA, RNA, proteins) have been 

crucial for studying fundamental biological 

processes, developing in vitro and in vivo 

disease models, for modification of cells to be 

transplanted into an animal and for direct 

therapeutic purposes (e.g. gene therapy) in 

humans. Of the methods, viral carriers including 

lentivirus, retrovirus, or adeno associated virus 

(AAV) are highly advantageous for their 

specificity and efficiency. These viruses are 

modified to remove pathogenic factors while 

maintaining the infectious components to gain 

access to intracellular compartments (Thomas, 

Ehrhardt et al. 2003). Chemical approaches on 

the other hand, including polymers or lipid-

based carriers, use electrostatic properties to 

facilitate transfer of nucleic acid to the cell 

membrane where upon they are internalized by 

endocytosis. These methods may be less 

immunogenic compared to viral approaches, 

and typically do not require a specialized skillset 

to manufacture. However, the efficiency and 

targeting capabilities are often lacking in 

comparison (Lai and Wong 2018). In contrast to 

most viral and non-viral carriers, physical 

methods offer the advantage of introducing not 

only nucleic acids but proteins and other cargo, 

and can be designed for high efficiency transfer 

into cells of interest. Physical methods, 

including electroporation, introduce a specific 

stimulus, e.g. electrical pulses, to transiently 

disrupt the cell membrane and permit uptake of 

any proximal materials (Stewart, Sharei et al. 

2016). Advances in nanotechnology have 

enabled precision control of intracellular 

delivery and also offer the versatility of being 

used in combination with viral and non-viral 

carriers. Such physical methods, however, may 

require more involved set up and are typically 

limited to ex vivo preparations.  

New technological advances in gene delivery 

Despite the variety of techniques available for 

intracellular delivery, challenges remain for 

efficient targeting of specific types of cells, e.g. 

stem cells, immune cells, or neurons, while 

maintaining cell health and viability. 

Additionally, the need to deliver specific 

materials may limit the approach (e.g. nucleic 

acids versus proteins or small molecules). With 

these challenges in focus, Tay and Melosh 

describe new technology to improve AAV 

targeting of neurons as well as the use of Zika 

virus to target glioblastoma (Chan, Jang et al. 

2017, Zhu, Gorman et al. 2017). They go on to 

highlight studies working to improve both the 
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efficiency and targeting of polymers, including 

the combined use with nanoparticles (Cheng, 

Sellers et al. 2017, Wang, Li et al. 2017). Finally, 

the review touches on recent advances in 

physical techniques for cell transduction, many 

of which make use of combined approaches. 

These include the use of microfluidics along 

with electrical stimuli and disruption of cell 

membrane with changes in osmolarity (Ding, 

Stewart et al. 2017), or the combined use of 

magnetic nanoparticles with viral carriers 

(Schubert, Trenholm et al. 2018). These 

approaches offer unique benefits including 

rapid DNA delivery (within an hour), or the 

specificity of single cell targeting, respectively. 

Another significant improvement to physical 

methods includes the ability to not only 

introduce cellular materials, but to repeatedly 

collect intracellular contents over time from the 

same sample. This is performed using the 

“nanostraw” technique, which employs the use 

of nanomaterials that protrude from a 

polycarbonate membrane to facilitate 

electroporation of cells in culture. The platform 

on which the cells grow is itself designed to 

both introduce and collect intracellular 

materials, while maintaining high levels of cell 

viability (Xie, Xu et al. 2013, Cao, Hjort et al. 

2017).  

As Tay and Melosh note, the approach used by 

the researcher will ultimately hinge on the 

unique constraints of the system combined with 

the desired outcome. Fortunately, the drive for 

improved intracellular delivery has spawned 

numerous options to choose from, and will 

continue to do so as new challenges arise. 

References: 

Brudno, J. N. and J. N. Kochenderfer (2018). 
"Chimeric antigen receptor T-cell therapies for 
lymphoma." Nat Rev Clin Oncol 15(1): 31-46. 
https://doi.org/10.1038/nrclinonc.2017.128 
PMid:28857075 

Cao, Y., M. Hjort, H. Chen, F. Birey, S. A. Leal-
Ortiz, C. M. Han, J. G. Santiago, S. P. Pasca, J. C. 
Wu and N. A. Melosh (2017). "Nondestructive 
nanostraw intracellular sampling for 
longitudinal cell monitoring." Proc Natl Acad Sci 
U S A 114(10): E1866-E1874. 
https://doi.org/10.1073/pnas.1615375114 
PMid:28223521 PMCid:PMC5347600 

 

Chan, K. Y., M. J. Jang, B. B. Yoo, A. Greenbaum, 
N. Ravi, W. L. Wu, L. Sanchez-Guardado, C. Lois, 
S. K. Mazmanian, B. E. Deverman and V. 
Gradinaru (2017). "Engineered AAVs for 
efficient noninvasive gene delivery to the 
central and peripheral nervous systems." Nat 
Neurosci 20(8): 1172-1179. 
https://doi.org/10.1038/nn.4593 
PMid:28671695 PMCid:PMC5529245 

 

Cheng, Y., D. L. Sellers, J. Y. Tan, D. J. Peeler, P. 
J. Horner and S. H. Pun (2017). "Development 
of switchable polymers to address the dilemma 
of stability and cargo release in polycationic 
nucleic acid carriers." Biomaterials 127: 89-96. 
https://doi.org/10.1016/j.biomaterials.2017.02
.036 PMid:28284104 

 

Ding, X., M. Stewart, A. Sharei, J. C. Weaver, R. 
S. Langer and K. F. Jensen (2017). "High-
throughput Nuclear Delivery and Rapid 
Expression of DNA via Mechanical and 
Electrical Cell-Membrane Disruption." Nat 
Biomed Eng 1. 
https://doi.org/10.1038/s41551-017-0039 
PMid:28932622 PMCid:PMC5602535 

 

Fellmann, C., B. G. Gowen, P. C. Lin, J. A. 
Doudna and J. E. Corn (2017). "Cornerstones of 
CRISPR-Cas in drug discovery and therapy." Nat 
Rev Drug Discov 16(2): 89-100. 
https://doi.org/10.1038/nrd.2016.238 
PMid:28008168 PMCid:PMC5459481 

 

Lai, W. F. and W. T. Wong (2018). "Design of 
Polymeric Gene Carriers for Effective 
Intracellular Delivery." Trends Biotechnol. 
https://doi.org/10.1016/j.tibtech.2018.02.006 

 

https://doi.org/10.1038/nrclinonc.2017.128
https://doi.org/10.1073/pnas.1615375114
https://doi.org/10.1038/nn.4593
https://doi.org/10.1016/j.biomaterials.2017.02.036
https://doi.org/10.1016/j.biomaterials.2017.02.036
https://doi.org/10.1038/s41551-017-0039
https://doi.org/10.1038/nrd.2016.238
https://doi.org/10.1016/j.tibtech.2018.02.006


Kathy Myers Gschweng   25 

PMid:29525137 

Schubert, R., S. Trenholm, K. Balint, G. Kosche, 
C. S. Cowan, M. A. Mohr, M. Munz, D. 
Martinez-Martin, G. Flaschner, R. Newton, J. 
Krol, B. G. Scherf, K. Yonehara, A. Wertz, A. 
Ponti, A. Ghanem, D. Hillier, K. K. Conzelmann, 
D. J. Muller and B. Roska (2018). "Virus 
stamping for targeted single-cell infection in 
vitro and in vivo." Nat Biotechnol 36(1): 81-88. 
https://doi.org/10.1038/nbt.4034 
PMid:29251729 

 

Singh, N., J. Shi, C. H. June and M. Ruella 
(2017). "Genome-Editing Technologies in 
Adoptive T Cell Immunotherapy for Cancer." 
Curr Hematol Malig Rep 12(6): 522-529. 
https://doi.org/10.1007/s11899-017-0417-7 
PMid:29039115 

 

Stewart, M. P., A. Sharei, X. Ding, G. Sahay, R. 
Langer and K. F. Jensen (2016). "In vitro and ex 
vivo strategies for intracellular delivery." 
Nature 538(7624): 183-192. 
https://doi.org/10.1038/nature19764 
PMid:27734871 

 

Thomas, C. E., A. Ehrhardt and M. A. Kay 
(2003). "Progress and problems with the use of 
viral vectors for gene therapy." Nat Rev Genet 
4(5): 346-358. 
https://doi.org/10.1038/nrg1066 
PMid:12728277 

 

Wang, H., Q. Li, J. Yang, J. Guo, X. Ren, Y. Feng 
and W. Zhang (2017). "Comb-shaped polymer 
grafted with REDV peptide, PEG and PEI as 
targeting gene carrier for selective transfection 
of human endothelial cells." Journal of 
Materials Chemistry B 5(7): 1408-1422. 
https://doi.org/10.1039/C6TB02379G 

 

Xie, X., A. M. Xu, S. Leal-Ortiz, Y. Cao, C. C. 
Garner and N. A. Melosh (2013). "Nanostraw-
electroporation system for highly efficient 
intracellular delivery and transfection." ACS 
Nano 7(5): 4351-4358. 
https://doi.org/10.1021/nn400874a 

 

PMid:23597131 

Zhu, Z., M. J. Gorman, L. D. McKenzie, J. N. 
Chai, C. G. Hubert, B. C. Prager, E. Fernandez, J. 
M. Richner, R. Zhang, C. Shan, E. Tycksen, X. 
Wang, P. Y. Shi, M. S. Diamond, J. N. Rich and 
M. G. Chheda (2017). "Zika virus has oncolytic 
activity against glioblastoma stem cells." J Exp 
Med 214(10): 2843-2857. 
https://doi.org/10.1084/jem.20171093091220
17c https://doi.org/10.1084/jem.20171093 
PMid:28874392 

 

 

https://doi.org/10.1038/nbt.4034
https://doi.org/10.1007/s11899-017-0417-7
https://doi.org/10.1038/nature19764
https://doi.org/10.1038/nrg1066
https://doi.org/10.1039/C6TB02379G
https://doi.org/10.1021/nn400874a
https://doi.org/10.1084/jem.2017109309122017c
https://doi.org/10.1084/jem.2017109309122017c
https://doi.org/10.1084/jem.20171093

