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Drug and Gene Delivery by ‘‘Bubble Liposomes’’ and Ultrasound
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Gene therapy has a potentiality for treatment of cancer and diseases from genomic defects. It is important to select a
vector which has good potency in terms of gene transduction efficiency, and is safe and easy to apply. Many researchers
have attempted to develop an effective gene delivery carrier. Recently, it was reported that microbubbles, which are
ultrasound (US) contrast agents, improved the transfection efficiency by cavitation with US exposure. However,
microbubbles had problems with stability and targeting ability. To solve these problems, we focused on liposomes that
had many advantages such as being stable and safe in vivo and easily modifying targeting ligand. We succeeded in
preparing the liposomes (‘‘Bubble liposomes’” (BLs)) entrapping perfluoropropane gas which was utilized for contrast
enhancement in ultrasonography. In this study, we assessed the feasibility of BLs as gene delivery carrier utilized cavita-
tion by US exposure. BLs could deliver plasmid DNA to various cell types in vitro by combining with US without cyto-
toxicity. To evaluate the ability of BLs to in vivo gene delivery, we attempted to deliver plasmid DNA into the femoral
artery. The gene expression at this artery treated with BLs and US combination was higher than with US only, BLs
without US or Lipofectamine 2000. This result suggested that Bubble liposomes could quickly deliver plasmid DNA into
the artery even under conditions of short contact time between BLs and the endothelial cells and the existence of the
bloodstream and serum. These results suggested that BLs might be a non-invasive and effective carrier for gene delivery.
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Fig. 1. Mechanism of Gene Delivery with Microbubbles and Ultrasound
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Lipids : DSPC / DSPE-PEG (2k) (94 : 6)

Gas : Perfluoropropane

Fig. 2. Aspect of PEG-liposomes and Bubble Liposomes

PEG-liposomes sonicated with perfluoropropane gas became to Bubble liposomes in the vial.

Bubble liposome

Optison®(Microbubble)

Fig. 3. Microscopy of Bubble Liposomes
Optison and Bubble liposomes were observed with a microscope using a
dark-light illuminator.
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Table 1. List of Microbubbles®
Microbubble Manufacturer Shell Gas Mean size
Albunex Molecular Biosystems Albumin Air 4.3 ym
Optison Mallinckrodt/Amersham Albumin Octafluoropropane 2—4.5 ym
Definity Brist.ol-Myers .Squibb Lipid/surfactant Octafluoropropane 1.1—3.3 yum
Medical Imaging

Imagent Imcor Lipid/surfactant N,/perfluorohexane vapor 6.0 um
Sonovue Bracco Diagnostics Lipid Sulphur hexafluoride 2—3 um
Levovist Schering AG Lipid/galactose Air 2—4 ym
%g;dllé)%) here Point Biomedical PLGA polymer/albumin Nitrogen 4 um
AI-700 Acusphere PLGA polymer Perfluorocarbon 2.2 ym
Sonovist Schering AG Cyanoacrylate polymer Air

Sonazoid Nycomed/Amersham Not disclosed Perfluorocarbon 3 um

PLGA: polylactide co-glycolide.

PEG-liposome

Fig. 4. Ultrasonographic Images of PEG-liposomes and Bub-
ble Liposomes
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Before injection of Bubble liposomes After injection of Bubble liposomes
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/\ Enhancement site of echo signals
Bubble liposomes (100 ug/ 100 uL i.v.)

Fig. 5. Ultrasonographic Images of Heart with Bubble Liposomes
Bubble liposomes 100 ug/100 ul were injected into mouse tail vein. In the same time, probe (9 MHz) of an ultrasound imaging machine (UF-750XT, Fukuda

Denshi Co Ltd., Tokyo, Japan) was positioned on the heart of mouse.

Before US After US

Naked image
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i

Fig. 6. Induction of Cavitation with Bubble Liposome and
Ultrasound
Naked and ultrasound images of Bubble liposomes. Ultrasonic probe
positioned in Bubble liposome suspension exposed 2.5 W/cm? of ultrasound
for 10 seconds. Images were observed before and after US.
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Fig. 7. Luciferase Expression in COS-7 Cells Transfected
with Bubble Liposomes and Ultrasound Exposure

COS-7 cells (1105 cells/500 ml/tube) were mixed with pCMV-Luc (5
mg) and Bubble liposomes (60 mg). The cell mixture was exposed with
ultrasound (frequency: 2 MHz, duty: 50%, burst rate: 2 Hz, intensity: 2.5 W
/cm2, 10 sec) . The cells were washed and cultured for 2 days. After that, lu-
ciferase activity was determined. Each data represents the mean+S.D. (n=
3).
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In vivo imaging
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Fig. 8.

Gene Delivery to Femoral Artery with Bubble Liposomes

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

rowhead shows injection site and circle shows ultrasound exposure area.
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Minimally Invasive Gene Delivery to Heart or Liver with Bubble Liposomes

Mixture of Bubble liposomes 250 mg and plasmid DNA 10 mg were injected into mouse tail vein. In the same time, ultrasound (frequency: 1 MHz, duty: 50%,
burst rate: 2 Hz, intensity: 1 W/cm?, time 1—2 minutes) was transdermally exposed to heart or liver. (Left) Luciferase expression in heart or liver of the ultrasound
exposure area at 2 days after transfection. (Right) In vivo luciferase imaging at 2 days after transfection in the mouse treated with plasmid DNA, Bubble liposomes

and ultrasound exposure.
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