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In vivo Site-Specific Transfection of Naked Plasmid DNA
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Abstract

We have developed an in vivo transfection method for naked plasmid DNA (pDNA) and siRNA in mice by using a tissue
suction device. The target tissue was suctioned by a device made of polydimethylsiloxane (PDMS) following the intravenous
injection of naked pDNA or siRNA. Transfection of pDNA encoding luciferase was achieved by the suction of the kidney,
liver, spleen, and heart, but not the duodenum, skeletal muscle, or stomach. Luciferase expression was specifically observed
at the suctioned region of the tissue, and the highest luciferase expression was detected at the surface of the tissue
(0.122£0.03 ng/mg protein in mice liver). Luciferase expression levels in the whole liver increased linearly with an increase in
the number of times the liver was suctioned. Transfection of siRNA targeting glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) gene significantly suppressed the expression of GAPDH mRNA in the liver. Histological analysis shows that severe
damage was not observed in the suctioned livers. Since the suction device can be mounted onto the head of the
endoscope, this method is a minimally invasive. These results indicate that the in vivo transfection method developed in this
study will be a viable approach for biological research and therapies using nucleic acids.
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Iintroduction the degree of direct pressure applied to the target tissue is one of
i ) ) the key factors for controlling the expression levels of the
In the post-genomic era, increased importance has been placed transfected pDNA [9].

on the development of i viwo transfection techniques that can be
used for biological research or gene therapy. Many wm wivo
transfection methods have been developed using recombinant
viral vectors or non-viral carriers such as cationic liposomes and
polymers [1-4]. However, transfection methods for naked nucleic
acids, including plasmid DNA (pDNA) or siRNA, have many
advantages, including convenient preparation, ease of handling,
and lack of toxicity associated with the transfection agents.
Therefore, this is largely considered to be the simplest and safest
method [5].

Liu et al. reported that non-invasive gene delivery to the liver
was performed by a mechanical massage around the abdomen
after intravenous injection of naked pDNA in mice [6,7]. Inspired

by their study, our group found that direct pressure to the kidneys, :
spleen, and liver induces the transfection of naked nucleic acids, L el e R e

which we termed as tissue pressure-mediated transfection [8-10]. micxiopump§ on the surface of Pulsating target tissues. The ti.ssue
Tl method has been verd with maked pDINA, sRNA, and suction device, made of pf)lydlmeth?flsﬂoxanc (PDMS), suctions
microRNA [8-11], and the miR-200 family of microRNAs a. fissue surface by apPlylng negative pressure. Altl}ougb tbe
introduced by renal pressure-mediated transfection ameliorated suctlo.ned park ot the teans s deltrmed temporér{ly, il
renal tubulointerstitial fibrosis in mice [11]. Further, we previously e r'evealed that the damage was neghg'l il [13]
reported that the secretion of pro-inflammatory cytokines was not Furthermore; it has been demonstrated that the suction. device
observed under the experimental conditions for transfection and

In tissue pressure-mediated transfection, 2 objects were used to
apply direct pressure effectively to the target tissue; the first is used
to directly press the target tissue, and the other is used to support
the pressed tissue. Examples include the index finger and the
thumb [8,11], a syringe-modified pressure controlling device and
a spatula [9,10], and a pneumatic balloon actuator and a renal
case [12]. We have used these objects to perform tissue pressure-
mediated transfection in small animals such as mice and rats.
However, considering future clinical use, we sought to develop an
easier method using a simpler device that required minimally
invasive treatment. Previously, we developed a micro-pneumatic
suction device for medical diagnosis and operation [13]. The
simple suction device was used to fix medical Micro Electro
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