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Development of liver suction-mediated naked plasmid DNA delivery system

for in vivo gene therapy
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In vivo hepatocyte-targeted delivery of nucleic acid-based drugs such as plasmid DNA
and siRNA would be promising for unraveling the intricate genetic and epigenetic
mechanisms associated with hepatic diseases. Indeed, various transfection methods such as
utilization of recombinant viral vectors or non-viral carriers with the corresponding genes
help understanding of biological processes and pathways of diseases and further lead to
development of novel therapeutics. However, a fundamental problem associated with the
application of these technologies is development of delivery methods that carry genetic
material into target cells in a manner that is efficient, nontoxic, and does not interfere with
normal cellular functions. Various physical methods of naked nucleic acid transfer in
vivocan bypass many of the side effects linked to viral or non-viral techniques. The other
advantages are convenience of preparation, ease of handling, and lack of toxicity associated
with the transfection reagents. If the devices were mounted on the head of endoscope tip,
these methods could be minimally invasive and useful for in vivo gene delivery.

In this study, I have developed a novel gene transfection system, i.e., suction-mediated
gene transfer device in combination of a new multiple suction port with adequate attachment
surface and a computer system for suction pressure control. After optimizing treatment
conditions, the system was applied to CpG-free vector based plasmid DNA aiming at long-
term transgene expression in mice. Therapeutic effects of hepatic transfection of CpG-free
interleukin-22 (IL-22) plasmid DNA were further evaluated in a T-cell activation-induced
acute hepatitis mouse models.

Chapter 1. Transfection efficiency and safety of liver suction-mediated naked plasmid DNA
delivery system

At first, I installed a computer system to the device for controlling the suction pressure and
investigated the effects of the suction conditions on the efficiency of hepatic transfection
with a naked plasmid DNA encoding luciferase in mice. Using the well-controlled system,
effects of the magnitude and waveform of the suction pressure and suction repeats were
analyzed in terms of the luciferase expression level in mice liver. The liver suction at a
pressure of -5 kPa was effective with the minimal hepatic damage determined by serum
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities in mice.
Additionally, the results indicated that the suction pressure waveform affects the luciferase
expression level and at the optimal conditions, a single wave of suction is sufficient for
transfection to the target site of the liver. Thus, the suction-mediated system developed was
proved to give good hepatic gene transfection with minimal liver damage.

In order to further improve the efficacy of this new gene delivery system, I next designed
a new system denoted as a multiple suction device which has a suction port with variety of




numbers and area of suction windows. The results indicated that, in comparison to sequential
suctions of different portions of liver surface for enlarging transfection area, the new suction
device gave more effective transfection and higher expression level. The developed multiple
suction-mediated system was thus demonstrated to provide high hepatic gene transfection
efficiency without any hepatic damage at 48 hours after suction treatment.

Chapter 2.Application of the liver suction-mediated transfection method to therapeutic gene
delivery

Removal of CpG sequences from plasmid DNA is reported to enable sustained expression
so that its combination with hepatocyte delivery technology should lead to development of
new gene therapy for liver diseases. Taking the most effective conditions for the suction-
mediated device in Chapter 1, the possibility of long term expression with a CpG-free vector
in combination with this novel method was investigated. In the first step, it was confirmed
that hepatocytes were the major cell population transfected by suction-mediated transfection
of CpG-free vector. Next, in vivo transfection with plasmid DNA encoding luciferase of
CpG-free vector was compared with transfection of plasmid DNA with Immediate-early
Cytomegalovirus virus promoter (pCMV) based vector for clarifying long-term expression
efficiency of the combination of CpG-free vector and suction-mediated hepatic gene
delivery. Contrary to transient 3 days expression obtained by pCMV-based vector, 40 days
sustained expression was observed for CpG-free vector of luciferase gene, suggesting that
this method would have a great potential for therapy of hepatocyte-related diseases.

IL-22was reported to play a protective role in T cell-mediated hepatitis and work as a
survival factor for hepatocytes. According to the preliminary result, CpG-free plasmid DNA
encoding IL-22 was constructed and used for transfection with suction-mediated system
aiming at prevention of T-cell activation-induced hepatitis injury. The administration of
concanavalin A (Con A) at a dose of 10pug/g caused significant elevations of serum AST and
ALT levels at 9 hours post injection in mice, while the transfection of the CpG-free 1L-22
plasmid DNA by liver suction-mediated method demonstrated marked decrease in serum
AST and ALT levels, suggesting suppression of T cell-mediated hepatitis.

In conclusion, I have demonstrated the utility of the liver suction-mediated naked plasmid
DNA delivery system for in vivo gene therapy. The combination of liver suction-mediated
transfection and long-term expressing gene drug e.g., CpG-free IL-22 plasmid DNA, would
be a valuable approach for hepatic injury therapy caused by T-cell activation.
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