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ENHANCED CELLULAR UPTAKE AND CONTROLLED
INTRACELLULAR TRAFFICKING OF LIPOSOMES
VIA MODIFICATION WITH AN OCTAARGININE
PEPTIDE FOR DRUG AND GENE DELIVERY
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Gene therapy is a promising new approach for treating a variety of genetic and acquired
diseases. While viral vectors are highly efficient for gene therapy, their use is associated with
high toxicity and immunogenicity. Synthetic or nonviral vectors are attractive alternatives to
viral vectors because of their non-immunogenicity and low acute toxicity. Despite the high
promise of nonviral vectors, their main disadvantage is the low transfection efficiency
compared to viral vectors.

Several biological barriers limit the efficiency of nonviral vectors and most of the
currently available vectors incorporate some functional devices to avoid some of these
barriers. However, these systems remain inefficient compared to viral vectors, which have an
intrinsic ability to avoid all the barriers. Then a key step for successful nonviral gene delivery
is to assemble multiple functional devices into a single nano system so that each device can
work at the correct place and time according to a program to avoid all the barriers. A
proceeding step is to design smart functional devices to work according to a rational strategy
for avoiding all the barriers.

In this study, a novel functional device, the octaarginine (R8) peptide, is presented.
Decoration of liposomes with R8 dramatically enhanced their cellular uptake. In addition, by
optimizing the density of the peptide as well as its topology, the liposomes could be
internalized via clathrin-independent pathways, which improved the intracellular trafficking
through avoiding lysosomal degradation. The R8 peptide enabled the liposomes to partially

escape from the endocytic compartment and to migrate and bind to the nuclear envelope.
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These results point out to the importance for optimizing the conditions of using the peptide
to not only enhance the cellular uptake but also to improve the intracellular trafficking of its
cargos.

A methodology based on mimicking an envelope-type virus was used to assemble
multiple functional devices into a single nano-system. The DNA of interest was first
condensed with a polycation for protection against degradation and the core was then
covered with a lipid envelope, which can be modified by multiple functional devices for
achieving maximum activities. The system was modified with the R8 peptide and was further
optimized by helper lipids for improving the intracellular trafficking. As a result, this
multifunctional envelope-type nano device (MEND) produced comparable transfection
activities to adenovirus in vitro with a remarkable low cytotoxicity. The system had a
relatively small diameter and could transfe& the cells even in the presence of serum, which
are two important prerequisites for in vivo gene delivery. In contrast to the commercially
- available transfection reagents, the in vivo gene delivery was successful after a single topical
application of R8-MEND. In addition, the combination of R8 and the targeting ligand
transferrin produced a sterically stabilized particle with exceptionally high cellular uptake.
These results collectively indicate that the R8-MEND system is a highly promising, efficient
and safe nonviral vector for use in gene therapy.

The results presented in this study showed that the high activity of the MEND system is
attributed mainly to their improved intracellular trafficking leading to an enhanced nuclear
delivery. The change of the entry route mediated by the proper use of the R8 peptide was
essential for this improvement. This study pointed out to the importance of controlling the
topology and optimizing the density of the functional devices to achieve maximum activities.
Further improvement in the system particularly for systemic administration is expected to

bring the dream of gene therapy to reality.
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