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[ Summary ]
Gene therapy was originally designed as a technique for correct-

ing inherited disorders on human genes responsible for disease
development. At present, gene therapy is aggressively devel-
oped with hope that will be remedy for not only inherited disease
but also obstinate diseases such as cancer, HIV infectious dis-
ease, and so on. Currently ongoing gene delivery techniques
can be classified into two categories; one is non-viral methods,
in which chemically synthesized cationic compounds are used
as a gene carrier, the other is viral methods, in which replication-
defective viruses with part or all of the viral coding sequence re-
placed by therapeutic genes, are used as a vector. Here, we
focused on non-viral gene delivery techniques, and we introduce
several physical techniques for naked DNA transfer, several kinds
ofgene carriers, and common efforts to realize gene therapy. In
the second half, we also introduce a part of our study on in vitro
and in vivo gene delivery mediated by dendritic poly(L-lysine) with
high efficiency and low toxicity into cells.
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Fig. 1 Overview of non-viral gene delivery technologies. Different injection
routes of naked DNA, enhancement strategies, and their
combinations are outlined.
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Fig. 2 Structure of the 6th generation of dendritic poly(L-lysine) (KG6).
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Fig. 3 Fluorescence titration assay. Plasmid DNA was mixed with the
gene carriers in HBS at various cation/anion (C/A) ratios. After
incubating for 20 min at room temperature, ethidium bromide was
added to the mixtures. Fluorescence was measured on a
spectrofluorometer by excitation at 530 nm while monitoring
emission at 590 nm.
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Fig. 4 Transfection efficiencies of dendritic poly(L-lysine)s into CHO cells (A) and cytotoxic activity of KG6 (B). (A) The cells were incubated with DNA-
complex containing 2.5 ug of plasmid DNA and dendritic poly(L-lysine) at a C/A ratio of 4.0 for 3 h at 370 . Harvesting of the cells and luciferase
assays were performed 48 h after transfection. (B) Cytotoxic activities of KG6 and SuperFect® alone and their complexes with plasmid DNA at a C/
A ratio of 4.0. Cell viabilities were evaluated by MTT assay. Open bar indicates cell viability in the presence of the plasmid DNA alone.
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Fig. 5 Serum tolerant feature of DNA/KG6 complexes. (A) Effect of serum on transfection efficiency of KG6 into CHO cells. (B) Zeta potentials of DNA
complex of KG6 and poly-L-lysine. Circle and triangle indicates zeta potential of DNA complex of KG6 and poly-L-lysine, respectively.
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Fig. 7 Dynamic light scattering analysis of DNA-complexes of KG6. KG6
was incubated with the plasmid DNA in DMEM for 5 min to 2 h at
room temperature, and then dynamic light scattering was measured
at 25°C. The inset shows the time-dependent change in the mean
diameter of the complexes.
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Fig. 6 Fluorescence and AFM images of DNA-complexes of KG6 at C/A ratio of 4.0. Panels A and E are fluorescence images of the complexes
after 15 min and 2 h incubation, respectively. Panel B is the AFM image of the area indicated by a green square in Panel A. Panel Cis a
magpnified image of the surface of the large complex (> 1 um) indicated by a green square in Panel B. Panel D is a magnified image of the
small complexes (< 1 um) on the mica surface indicated by a green square in Panel B. Panel F is the magnified AFM image of the surface
of the large complex indicated by a green square in Panel E.
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Fig. 8 Time-dependent transfection efficiency of KG6. KG6 was pre-
incubated with the plasmid DNA in DMEM for 0 to 2 h at room
temperature, and then the mixture was added to cultured cells
(CHO cells). After incubation for 15 min to 2 h at 37°C, the mixture
was replaced with fresh DMEM containing 10% FBS, and the cells
were further incubated for 24 h. The cells were harvested and the
transfection efficiency was estimated by measuring the luciferase
activity. The relationship between the total incubation time and
the transfection efficiency is shown. Red and blue lines indicate
the pre-incubation and incubation times with cells, respectively. The
height of the closed circle indicates the transfection efficiency of
each incubation condition.
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Fig. 9 DNA release from gene carrier/DNA complexes mediated by addition of mouse liver cytosolic fraction. The DNA complexes of gene carriers
were made at individual C/A ratios, and then mixed with the cytosolic fraction (Cytosol), homogenization buffer (Homo. buf.), or BSA, and incubated
for 3 hat370. The released DNA was electrophoresed in agarose gels (1% w/v) and stained with ethidium bromide. O.C. and S.C. on the left
of the gel indicate the position of the opencoiled and supercoiled forms of DNA.
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Fig.10 Effect of proteinase K treatment on DNA releasing ability of the
cytosolic fraction. The pDNA complex of KG6 was formed at a C/
A of 1.0, and then the complex was mixed with the proteinase K
digested cytosolic fraction, intact cytosolic fraction, or mock digested
cytosolic fraction, for 3 h at 370. The released DNA was
electrophoresed in agarose gels (1% w/v) and stained with ethidium
bromide.
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Fig.11 Biodistribution of DNA after intravenous injection with or without
gene carriers into mice. The amounts of the DNA in several organs
and blood were analyzed by southern blotting analysis after 30 min.
Sample numbers 1 - 4 indicates DNA with KG6, DOTAP/
Cholesterol, jetPEI™, or DNA alone, respectively.
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Fig.12 Biodistribution of DNA after intravenous injection with KG6 or
DOTAP/Cholesterol in tumor bearing mice. The amounts of the
DNA in several organs, blood, and tumor were analyzed by southern
blotting analysis after 30 min, 1 h, and 3 h.
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Fig. 1 Enzymatic labeling of stable isotope coding of proteomics

000 Proteins from two distinct proteome are digested with protease in
normal water or isotopically labeled water. Isotope code is labeled
in every C-terminus of the digested peptides. Then, two samples
are combined and analyzed by LC-MS/MS. Expression level of
proteins between two states can be estimated. Amino acid
sequence of selected peptide fragment can be identified, too.
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(@) Structure of ICAT-reagent, and strategy for quantifying differential
protein expression.

000 Two proteomes representing two different cell states have been
treated with isotopically light and heavy ICAT-reagents, respectively.
ICAT-reagent are introduced into cystein-contained peptide fragment.
These cystein-peptide can be isolated by avidine-column.
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a) Phosphoryaltion site
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Fig.7 a) Structure of Mass-tagged probe for Protein kinase A.
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