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A mechanism-based logical approach is a mainstream of current novel drug therapy development in the context of
these trends and, therefore, the elucidation of gene function and the molecular level mechanism analysis of diseases at an
individual level in mammals are essential in addition to that in cultured cells. /n vivo gene transfection techniques are
also indispensable for these purposes as well as the evaluation of gene therapy and nucleic acid-based therapy ap-
proaches and clinical applications during the process of development of novel drug therapies. Various recombinant virus
and synthetic carrier-mediated transfection methods have been reported, however, above all, naked plasmid DNA trans-
fection without virus vectors, synthetic carriers and special physical devices has attracted much attention, because of its
advantages including convenience of preparation and handling and lack of toxicity associated with the transfection a-
gents. In this review, I collect the information of these naked plasmid DNA transfection methods involving tissue pres-
sure-mediated transfection from the comprehensive view point including side effects. Additively, the key physiological
phenomena affecting transgene expression, especially activation of transcriptional factors, are reviewed. Combined with
conventional approach based with biodistribution control, regulation of physiological change in transfected cells will
provide spatial- and temporal-controlled transgene expression at various organs, which leads us to elucidate mechanism
of diseases and to develop novel drug therapy in near future.
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Fig. 1. Method of Controlling and Quantifying the Degree of Pressure

(a) The pressure control device and (b) directions for use of this device. The pressure control device was made by setting the spring in the barrel of the syringe
and attaching a polypropylene cap with an area of 1 cm? at the tip of the syringe. When using this device, we held the tissue between the cap of the device and a spat-
ula and then pushed the plunger against the spatula (b). The pressure value was estimated from the measured displacement of the spring and its force constant.
Also, the device was calibrated, using an electronic balance, before experimentation. (Reprinted from Ref. 13).
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Fig. 2. Kidney-specific Plasmid DNA Transfection by Renal Pressure-mediated Transfection Method

Luciferase levels of various organs (a, b) and in vivo imaging (c) 12 h after 100 ug pCMV-Luc administration to the right (a, ¢ right) or left (b, c left) kidney.
*p<0.01 vs. the other organs. **p<(0.01. Each value represents the mean+S.D. (n=4 or 5). (d) Imaging of the isolated organs 12 h after 100 ug pPCMV-Luc ad-
ministration to the right kidney. (e) Luciferase levels obtained by the renal press-mediated transfection method (black) were compared with renal parenchymal in-
jection (white) and electroporation (hatched). ***p<(0.01. Each value represents the mean+S.D. (n=4 or 5). (f) Imaging of the pressed right kidney 12 h after
100 ug pCMV-Luc administration to the right kidney. (Reprinted from Ref. 12 with permission of Elsevier).
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Fig. 3.

Effect of the Transcription Factors on Transgene Expression Level of the Tissue Pressure-mediated Transfection

Luciferase levels of the right kidney (a) and left lobe of the liver (b) 12 h after administration of 100 ug pTAL-Luc, pAP-1-Luc, pNFxB-Luc, pCRE-Luc, and
PSRE-Luc by renal (a) and hepatic (b) tissue pressure-mediated transfection. Each value represents the mean+S.D. (n=3 or 4). Key: TAL, pTAL-Luc; AP-1,

pAP-1-Luc; NFxB, pNFxB-Luc; CRE, pCRE-Luc; and SRE, pSRE-Luc administration groups.

*p<0.05, **p<0.01, ***p<0.001 vs. pTAL-Luc injection group.

c-fos (¢) and c-jun (d) mRNA levels after 100 ug pCMV-Luc administration by renal (closed circles) and hepatic (open squares) tissue pressure-mediated transfec-
tion and 5 ug pCMV-Luc administration by the hydrodynamics-based transfection (closed triangles) . The level was normalized using the mRNA level of gapdh in
each sample. Then, the x-fold induction was calculated using the mRNA levels in untreated mice and those receiving the administration. Each value represents the
mean+S.D. (n=3). (e) Time-course of luciferase gene expression after administration of 100 ug pCMV-Luc by renal pressure-mediated transfection. Each value
represents the mean=+S.D. (n=4 or 5). (Reprinted from Ref. 23 with permission of the Pharmaceutical Society of Japan).
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