YAKUGAKU ZASSHI 126(11) 1039—1045 (2006) © 2006 The Pharmaceutical Society of Japan 1039

BERERVICEERE

—Reviews—

ANEDBAFE

i EW &K T E -

Development of Plasmid DNA-based Gene Transfer

Yoshiaki TANIYAMA,*

and Ryuichi MORISHITA

Department of Clinical Gene Therapy, Osaka University Graduate School of Medicine,
2-2 Yamada-oka, Suita City 565-0871, Japan

(Received June 26, 2006)

Gene therapy based on ultrasound with microbubbles offers a novel approach for the prevention and treatment of
variety of diseases. The major development of gene transfer has importantly contributed to intense investigation of the
potential of gene therapy in cancer or cardiovascular medicine. The amazing advances in molecular biology have pro-
vided a dramatic improvement of the technology that is necessary to transfer target genes into somatic cells. Gene trans-
fer methods have been surprisingly improved. In fact, some of them (retroviral vectors, adenoviral vectors or liposome
based vectors, etc.) have been used in the clinical trials already. But some severe side effects were reported in clinical gene
therapy using such viral, so people desire safe and efficient clinical gene therapy. Recently, ultrasound-mediated gene
transfer has been reported to augment the transfection efficiency and facilitate local gene expression. Interestingly, gene
transfer into the fetal central nervous system was successfully achieved by intrauterine injection with microbubble-en-
hanced ultrasound. Compared to other viral vectors, there are some theoretical advantages including safety, simplicity
of preparation, and local gene transfer. Thus, we focused on the development of gene transfer using naked plasmid
DNA with an ultrasound or microbubble-enhanced ultrasound method.
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Fig. 1. Upper Panel, the Device for Gene Transfer, Lower Panel, Ultrasound Irradiation
Significantly increased the luciferase activity in endothelial cells or smooth muscle cells (p<{0.01), and ultrasound with microbubbles much increased it (p<<
0.01). N: naked DNA, U: naked DNA +ultrasound, N+ U+ O: naked DNA +ultrasound + optison (microbubble). *p<0.01 vs. naked, **p<0.01 vs. ultrasound.

(Taniyama et al., Circ., 2002) .
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Fig. 2. Electron Microscope Photos for a Vascular Smooth Muscle Cell before and after Ultrasound Irradiation with or without
Microbubbles

There was no hole on the surface of the cell in control or microbubble (optizon) alone, while there was a small hole in ultrasound irradiation with or without

microbubble. 24 hours after ultrasound irradiation, its hole disappeared. Control, US: ultrasound, Optison: microbubble alone, US+O: immediately after
ultrasound irradiation with microbubble, 24 hours after ultrasound irradiation with microbubble. (Taniyama et al., Circ., 2002) .
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Fig. 3. Hypothesis for the Mechanism of Gene Transfer by Ultrasound
Upper panel: Ultrasound without microbubble (a) can make holes on the surface of the cell (b), but many holes sometimes lead apoptosis (c). Lower panel:
Ultrasound with microbubble (d) makes holes on the surface of the cell only near the microbubble (e). Holes are not so many, so it does not lead apoptosis (f).
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Fig. 4. Gene Transfer for Skeletal Muscle by Ultrasound with Microbubble

Left panel: We injected luciferase plasmid with microbubble (N+O +U) into skeletal muscle, and irradiated ultrasound for 1 to 16 mins. N+ O +U significant-
ly increased luciferase activity in dose dependent manner (p<0.01). N: luciferase plasmid only, N+ O+ U: luciferase plasmid with microbubble and ultrasound.
Right panel: 1 month after making hind limb ischemia rabbit model, we injected control plasmid, HGF plasmid or HGF plasmid +microbubble with ultrasound
(HGF+ O+ U). HGF plasmid injection significantly increased the number of vessels, % increase in blood flow and % increase in blood pressure ratio compared to
control (p<0.01), and HGF+ O+ U significantly increased them compared to HGF plasmid alone (p<<0.01). *p<{0.01 vs. control, **p<(0.05 vs. HGF. (Taniya-

ma et al., Gene Ther., 2002).
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Fig. 5. Gene Transfer for Unborn Child by Ultrasound with Microbubble

We mixed GFP plasmid and microbubble into amniotic fluid, and irradiated ultrasound. GFP plasmid was expressed on the surface of skin (right panel). Lu-
ciferase plasmid with microbubble and ultrasound (naked +O+U) significantly increased luciferase activity in brain, lung heart, liver gut, skin and amniotic mem-
brane (p<<0.01). Also increased compared to control (naked alone ; luciferase plasmid alone). (Endoh M. et al., Mol Ther, 2002) .
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Fig. 6. Oligonucleotide Transfer for Transplanted Kidney by Ultrasound with Microbubble

Upper panel: We did kidney transplantation, and injected NF-xB decoi with microbubble and ultrasound (NF-xB), scramble decoi (control) with microbubble
and ultrasound. NF-xB decoi transfered kidney showed decreased IL-18 or TNF-a (inflammatory cytokines) compared to scramble decoi (p<<0.01). Lower
panel : % survival rate was significantly improved by NF-xB transfection by microbubble and ultrasound (p<0.01). (Azuma H., Tomita N. et al., Gene Ther.,
2003) .
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Fig. 7. Gene Transfer for Brain by Ultrasound with Microbubble

Upper panel: We injected venus plasmid or luciferase plasmid with microbubble and ultrasound into cisterna magma (b—c), and striatum directly (d—e).
Lower panel: Naked luciferase plasmid with ultrasound (N+U) significantly increased luciferase activity compared to naked plasmid only (N) (p<{0.01), naked
plasmid with optison did not increase it (N+0O), naked plasmid with optison and ultrasound (N+O+U) significantly increased luciferase activity compared to
Naked luciferase plasmid with ultrasound (N+U) (p<{0.01). Right panel: We stained NeuN a neuron specific protein, but venus expression by ultrasound with
microbubble was not seen in NeuN positive cell. It mean transfection by ultrasound with microbubble transfer foreign gene into the cells around the neuron not neu-

ron cell itself. (Shimamura M., et al., Gene Ther., 2004) .
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Fig. 8. Gene Transfer for Spinal Cord by Ultrasound with Microbubble

Left upper panel: We injected venus plasmid and microbubble (b), and irradiated ultrasound (c). Left lower panel: Luciferase plasmid with ultrasound and
microbubble significantly increased luciferase activity at 1, 2 and 4 days after ultrasound irradiation (p<0.01). Right panel: Venus gene expression were seen not in
neuron itself but in meninges. At 3 days (a, b), 5 days (c, d) and 7 days (e, f), while venus geen expression was not seen (g, h) at 7 days after injection in venus plas-

mid alone. (Shimamura M., et al., J. Gene Med., 2005) .
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