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Ultrasound-mediated gene delivery system into brain tissue by blood brain barrier
targeting Bubble liposomes
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Here, we tried to develop the nucleic acid - gene delivery system into the brain
by the combination of Bubble liposomes (BLs) and high-intensity focused ultrasound (HIFU). First, we
examined whether the permeability of the BBB can be enhanced by the combination of BLs and HIFU using
Evans blue (EB). As a result, the accumulation of EB in the HIFU-exposed brain was increased over that
observed in the non-HIFU-exposed brain. Similarly, the combination of BLs and HIFU allowed antisense
oligonucleotides or plasmid DNA to be delivered into the HIFU-exposed brain. Furthermore, polyplex-loaded
BLs with HIFU further increased the gene expression in the delivered to the brain b{ the combination
method of BLs and HIFU. Thus, the brain targeting method by the combination of BLs loading therapeutic
genes and HIFU together may serves as a useful means for accelerating the permeability of BBB and thereby
enabling therapeutic genes to be delivered to the focused brain site in CNS diseases.
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Figure 1. EB extravasation in the brain as a function of time after HIFU
exposure. (A) Distribution of BBB disruption by extravasation of EB. Right
brain: HIFU exposure. Left brain: control. (B) The amount of EB exravasation
in the right brain. The mouse were injected into tail vein with EB 100 mg/kg.
After 5 minutes, injected with Bubble liposomes 100 pg/mouse and exposed
HIFU with 3.5 MHz, 10%, 1.5 kw/cm?, 60 seconds.
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Figure 2. The amount of EB exravasation in the right brain (HIFU-exposed
site). The mouse were injected into tail vein with EB 100 mg/kg. After 5 minutes,
the mouse was injected with Bubble liposomes (100 mg/mouse) and exposed
HIFU with 3.5 MHz, 10% Duty, 1.5 kw/cm?. After three hours, each tissue was
corrected. A HIFU exposure time: 10, 30, or 60 sec. A different intensity: 0.1, 0.5,
1.0, or 1.5 kW/cm?. *p < 0.05 vs. cont.
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Figure 3. Study of the molecular size through the BBB opening using
FITC-Dextrans and fluorescence imaging. The mouse were injected into
tail vein with 70 kDa or 2000 kDa of FITC-dextran. After 5 minutes,
injected with Bubble liposomes (100 mg/mouse) and exposed to HIFU with
3.5 MHz, 10% Duty, 1.5 kw/cm?, 60 seconds.



Figure 4 Distribution of FITC-PMO followed by HIFU exposure with
Bubble liposomes.
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Figure 4. In vivo luciferase imaging after the delivery of Plasmid DNA into
brain by the combination of BLs and HIFU exposure. (A) In vivo luciferase
imaging during 3 days. (B) Ex vivo luciferase imaging. Plasmid DNA encoding
luciferase gene and BLs were intravenously injected into mice, and then right
hemispheres were exposed to 3.5 MHz pulsed HIFU conditions (intensity: 1.5
kW/cm , exposure time: 30 sec). White arrow indicated the luciferase expressing
site in the exposure site.
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