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Development of Site Specific Gene Delivery System with Sonoporation
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In gene therapy, it is important to develop an effective and safe gene delivery system. Especially, from the viewpoint
of reducing side effects, gene delivery into a specific site is essential. We previously, developed liposomal bubbles (Bub-
ble liposomes) containing perfluoropropane. Bubble liposomes were useful as ultrasound enhanced gene delivery tools
in vitro and in vivo. In this review, we introduced the characteristics of Bubble liposomes as ultrasound imaging agents

and ultrasound enhanced gene delivery tools. Bubble liposomes worked as ultrasound imaging agents in
cardiosonography. In addition, their combination with ultrasound exposure was able to deliver plasmid DNA in the
femoral artery. The gene expression was only observed at the site of ultrasound exposure. Moreover, the gene delivery by
Bubble liposomes and ultrasound exposure was more efficient than that by conventional lipofection method using
Lipofectamine 2000. Therefore, it was suggested that Bubble liposomes might be a new class of tools for site specific

gene delivery.
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Fig. 1. Mechanism of Gene Delivery by the Combination of
Microbubbles and Ultrasound
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Fig. 2. PEG-liposomes and Bubble Liposomes

Schema of PEG-liposomes (a) and Bubble liposomes (b). And aspects of PEG-liposomes (¢) and Bubble liposomes (d) . PEG-liposomes sonicated with per-
fluoropropane gas became to Bubble liposomes in the vial. Ultrasonographic images of PEG- liposomes (¢) and Bubble liposomes (f).

Fig. 3. Cardiosonography with Bubble liposomes
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Ultrasound imaging system (NP60R-UBM [NEPAGENE]) (a) and its probe (35 MHz) (b). Mouse was scanned with the probe of ultrasonography before
(c) or after (d) injection of Bubble liposomes (100 ug/100 ul) into tail vein. Circle shows heart and triangle shows enhanced echo signals.
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Fig. 4. Disruption of Bubble Liposomes Exposed to Ultrasound
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Fig. 5. Luciferase Expression in COS-7 Cells Transfected by
Ultrasound with Bubble Liposomes

COS-7 cells (1X105 cells/500 ul) mixed with pCMV-Luc (5 ug) and
Bubble liposomes (60 ug) were exposed to ultrasound (frequency, 2 MHz;
Duty, 50%; burst rate, 2Hz; intensity, 2.5 W/cm?; time 10 seconds). The
cells were washed and cultured for 2 days and then luciferase activity was
measured. Data are shown as means+S.D. (n=3). BL: Bubble liposomes,
L: PEG-liposomes.
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Ultrasound generator (KTAC-4000 [NEPAGENE]) (a) and their probes (b). Naked (c, ¢) and ultrasonographic (d, f) images of Bubble liposomes. Ultra-
sonic probe (circle) positioned in Bubble liposome suspension exposed with ultrasound. Images were observed before (c, d) and after US (e, f).
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Fig. 6. Gene Delivery to Femoral Artery with Bubble Liposomes

Each sample containing plasmid DNA 10 ug was injected into femoral artery. In the same time, ultrasound (frequency, 1 MHz; duty, 50%; burst rate, 2 Hz; in-
tensity, 1 W/cm?; time 2 minutes) was exposed to the downstream area of injection site. (a) Luciferase expression in femoral artery of the ultrasound exposure area
at 2 days after transfection, Luciferase expression was measured. Data are shown as means+S.D. (n=5). (LF2000: Lipofectamine 2000). (b) In vivo luciferase
imaging at 2 days after transfection in the mouse treated with plasmid DNA, Bubble liposomes and ultrasound exposure. The photon counts are indicated by the
pseudo-color scales.
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