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For efficient gene delivery to the nucleus, nonviral vectors need to overcome several barriers such as the plasma
membrane, endosomal membrane, and nuclear membrane. To overcome these obstacles, it is necessary to equip the
delivery system with various functional devices. However, it is difficult to package all such functional devices into a sin-
gle system to exert each of their functions at the appropriate time and at the correct location. Thus our group proposed a
new packaging concept, ‘‘programmed packaging.”” A multifunctional envelope-type nano device (MEND) was deve-
loped for use as an efficient nonviral system for the delivery of plasmid DNA (pDNA), oligodeoxynucleotide (ODN),
and siRNA using octaarginine (R8) as an internalizing ligand based on the programmed packaging. The R8-modified
MEND (R8-MEND) encapsulating pDNA showed significantly high transfection activity comparable to that of
adenovirus, and the uptake pathway of R8-MEND was macropinocytosis, which can avoid lysosomal degradation. R8-
MEND successfully delivered gene to hair follicles after in vivo topical application to mouse skin. Moreover, R§-MEND
encapsulating anti-luciferase ODN using protamine showed a 90% antisense effect, and R§-MEND encapsulating siRNA
condensed with stearylated R8 significantly silenced luciferase activity. Our group thus succeeded in the development of
R8-MEND based on programmed packaging, and MEND is a promising new delivery system for pPDNA and functional
nucleic acids.
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Fig. 1. Various Barriers of Efficient Gene Delivery by Artificial Delivery System
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Fig. 2. Schematic Representation of Multifunctional En-
velope-type Nano Device (MEND)

The MEND consists of condensed nucleotides core, coated with a lipid
envelope equipped with functional devices, such as polyethylene glycol
(PEG) for long blood circulation, pH-sensitive fusogenic peptide for en-
dosomal escape and protein transduction domain peptide for cellular entry.
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Fig. 3. In vivo Applications of R§-MEND

Hair follicle formation in mice skin treated with R8-MEND containing
GFP (R8-MEND-control) or GFP and a constitutively active form of
Bmprla (R8-MEND-caBmprla). Tissue sections were stained with
Hematoxylin-eosin (HE) . Black arrows indicate hair follicles in the dermis.
Cells were stained for Alkaline Phosphatase (AP) activity to determine hair
cycle phase (see text). Black arrow: sebaceous gland, gray arrow: dermal
papilla, black arrow: outer root sheath, d: dermis, s: subcutis space. Scale
bars: 200 um.
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Fig. 4. Silencing Effect of R§-MEND Encapsulating Anti-
luciferase siRNA on the Luciferase Activity of HeLa Cells
Stably Expressing Luciferase

A) Time-dependent silencing effect of R8-MEND. R8-MEND (30 pmol

/well siRNA) was transfected to HeLa cells (4 X104 cells) , and the luciferase

activities were measured at 8 h, 16 h, 24 h and 48 h after transfection. B)

Dose-dependent silencing effect of the R§-MEND. Various amounts of R8-

MEND were transfected to HeLa cells (4 X 10* cells) and the luciferase activ-

ity was measured 24 h after transfection. Relative gene silencing was calculat-

ed by normalizing to cells treated with non-specific (anti-GPF) siRNA. The
values are the mean+S.D. (n=3).
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Fig. 5. Schematic Image of Intracellular PK and PD of
pDNA with a Non-viral Gene Delivery System

Packaged (or complexed) pDNA is internalized via endocytosis, leading
lysosomal degradation. Once escaping from endosome/lysosome either in
condensed form or free form, the pDNA must then pass through the nuclear
membrane. The condensed pDNA in the nucleus must then be decondensed
to free pDNA before transcription. The transcripted messenger RNA is
effluxed to cytosol for translation.
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