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Development of Ultrasonic Cancer Therapy Using Ultrasound Sensitive Liposome
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Ultrasound (US) has been utilized as a useful tool for diagnosis and therapy. US mediated drug and gene delivery is
paid to attention as a non-invasive system. The combination of US and microbubbles generated microjet stream by in-
ducing disruption of bubbles and resulted in enhancing permeability of cell membrane. This phenomenon has been uti-
lized as driving force for drug and gene delivery. Recently, we developed ultrasound sensitive liposome [Bubble lipo-
some (BL)] containing perfluoropropane gas. US combined with BL could effectively transfer gene in vivo compared to
conventional cationic liposomes. Using this method, we succeeded to obtain a therapeutic effect in cancer gene therapy
with Interleukin-12 corded plasmid DNA. Therefore, it is expected that US combined with BL might be a useful non-
viral vector system. From this result, the fusion of liposomal and ultrasound technologies would be important for estab-

lishment of advanced cancer therapy.
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Fig. 1. Comparison of Sonazoid and Bubble Liposome
Scheme (upper) and microscope (X400) (lower)
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Fig. 2. Mechanism of Gene Delivery into Cell by Microbub-
ble and Ultrasound Exposure
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Fig. 3. Gene Delivery by Bubble Liposome and Ultrasound Exposure in vitro

Cells (1105 cells/500 ul) mixed with pCMV-Luc (5 ug) and Bubble liposomes (60 ug) were exposed or not to ultrasound (frequency, 2 MHz; duty, 50%;
burst rate, 2 Hz; intensity, 2.5 W/cm?; time, 10 s) . The cells were washed and cultured for 2 days. Thereafter, luciferase activity was determined. Data are shown as
means+S.D. (n=3). S-180, mouse sarcoma; Colon26, mouse colon adenocarcinoma; B16BL6, mouse melanoma; Jurkat, human T cell line; HUVEC, human um-

bilical vein endothelial cell.
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Fig. 4. Liver Specific Gene Delivery by Bubble Liposomes and Ultrasound Exposure
(a) Gene delivery method: Luciferase corded plasmid DNA (100 ug) and Bubble liposomes (500 ug) were intravenously injected and ultrasound (1 MHz, 1
W/cm?, 1 min) was transdermally exposed toward liver. After 1 day of ultrasound exposure, luciferase expression in each tissue was measured. (b) Luciferase ex-

pression in each tissue.

5Nz, ZOXDNTINIRY—LETTAIR
DNA M2/ L THRNATWZIZHnhb ST
@i &G T EATEZO, BERBETMLTHD
TN T IV IR —LADnFryET—a > e
L, ZOELZICELEBETFENRICEALLZDTH S
EEZoNE. FEIIRL TWRWR, EHESIIMFE
BD iz Al S kR 2 AE S5 2 & T
e HBEIZTEATED I EZ2HRELTNSD,
ZOEDITHRBIRL BRI, HEF R 248
B9 2 /20T THE & Ta AR BB AL I ARR BR A 2 DR 5

PNBETEATE20EEZ2ELTHD, Mo
ETEANT Y =13 WIEEICEETI=— 773
BEZ2REDOHIETHDES A 5.

5. NTILYRY)—LEBERBHEZHBALAEN
NBIGFEZE

T4, PUERREOEEEEHNE L H L ng
NWIBBEIEELTY A MAA CEEMERINTY
5. ZFOHTH IL-12 13, NKHifgoMasENE T
M & 2GS 5 2 & TRORIIEED R Z2H
I LY MHAELT, BROBIZBWTHH



No. 12

1669

70

Relative tumor volume

-@- Control

- pCMV-IL12

- pCMV-IL12 + BL

-- pCMV-IL12 + US

-O- pCMV-IL12 + BL + US
O+ pCMV-Luc + BL+ US

- pCMV-IL12 + LF2000

0 10 20
Days after treatment

Fig. 5. Cancer Gene Therapy in Gene Delivery by Bubble Liposomes and Ultrasound Exposure

B6C3F1 mice were intradermally inoculated with 1X10® OV-HM cells into the flank. After 7 days of tumor inoculation, the tumors were injected with pCMV-
IL12 (10 ug) using Bubble liposomes (2.5 ug) and/or ultrasound (1 MHz, 0.7 W/cm?, 1 min), or Lipofectamine 2000 as a conventional lipofection method. The
volume of the growing tumors was calculated by: (tumor volume; mm?) = (major axis; mm) X (minor axis; mm)2X0.5. The data are represented as tumor volume
relative to the tumor volume on the first day of treatment (day 7 after tumor inoculation) . Each point represents the mean+S.D. (n=5). BL, Bubble liposomes;

US, Ultrasound; LF2000, Lipofectamine 2000.
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