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1. Microbubble dynamics inside a capillary
network model developed using 3D cell
culture

Nobuki Kudo (Faculty of Information Science and
Technology, Hokkaido University, Japan)
Sonoporation is a technique that temporally
membrane

increases  cell permeability by

ultrasound irradiation for enabling transduction of

a drug or gene that normally has no cell membrane
permeability. Blood-brain barrier is a boundary
that separates blood from the cerebral tissue, and
BBB opening is a technique that temporally opens
tight-junctions between endothelial cells in a
capillary also by ultrasound irradiation for
enabling transport of drugs that normally cannot
infiltrate into the cerebral tissue. Bubbles of
several microns in diameter play a key role to
improve efficiency of these two techniques, and
almost all bubbles exist inside capillaries in an in
vivo situation. Therefore, we developed a capillary
network phantom using a 3D cell culture technique,
and interaction between a bubble and endothelial
cells inside the capillaries was investigated using
an observation system equipped with a confocal
microscope and a high-speed camera. In this
presentation, the observation system newly
designed for the capillary phantom study was

introduced, and recent observation results are

demonstrated.

2. Changing tumor microenvironment through
oxygen-loaded microbubbles with acoustic
tweezer
Chih-Kuang Yeh (Distinguished Professor
Department of Biomedical Engineering and
Environmental Sciences, National Tsing Hua
University, Hsinchu, Taiwan)

Abnormal tumor vasculature restricts oxygen and
nutrient transport to cause tumor hypoxia, which
reduces the efficacy of chemotherapy and

radiotherapy. Recent studies have been reported



that the morphology and function of tumor vessels
could be remodeled as normal vessels under the
anti-angiogenic status. The process of vascular
normalization (VN) in tumors improves the
maturity of vessel morphology, and then repairs
vessel function to enhance tumor perfusion.
Although tumor VN provides a potential way to
regulate tumor microenvironment, the short VN
time window induced by anti-angiogenetic agents
limits the clinical applications of tumor VN. This
study proposes to improve tumor oxygenation by
oxygen-loaded microbubbles (0.-MBs) for

regulating tumor microenvironment.  Since
abnormal tumor vasculature would restrict the
transport of 0,-MBs, we develop an acoustic
tweezer system to elevate the concentration of 0,-
MBs within tumors without increasing the doses of
0,-MBs. By applying the phase dislocation on the
array transducer, the acoustic tweezer propagates
with a tornado structure to trap and collect 0,-MBs
in the center of acoustic field. After trapping 0,-
MBs by acoustic tweezer, a cascading 0,-MBs
destruction pulse would be used to locally release
oxygen in tumors. The tumor microenvironment
regulations including VN, immune activation, and

metastasis would be evaluated after enhancing

tumor oxygenation.

3. Enhanced drug delivery to tumor tissue by
combination of new lipid bubbles and
ultrasound

Kazuo Maruyama (Laboratory for Ultrasound
Theranostics, Faculty of Pharma-Sciences Teikyo
University, Japan)

The enhanced permeability and retention (EPR)

of nanoparticles in tumors has long stood as one of

the fundamental principles of cancer drug delivery,
holding the promise of safe, simple and effective
therapy. By allowing particles preferential access
to tumors by virtue of size and longevity in
circulation, EPR provided a neat rationale for the
trend toward nano-sized drug carriers. Following
the discovery of the phenomenon by Maeda and
Matsumura in the mid-1980s, this rationale
appeared to be well justified by the flood of
evidence from preclinical studies and by the
clinical success of DOXIL®. Clinical outcomes
from nano-sized drug delivery systems, however,
have indicated that EPR is not as reliable as
previously thought. A closer look reveals that EPR-
dependent drug delivery is complicated by high
tumor interstitial fluid pressure, irregular vascular
distribution, and poor blood flow inside tumors.
Furthermore, the animal tumor models used to
study EPR differ from clinical tumors in several
key aspects that seem to make EPR more
pronounced than in human patients.

In recent years, sonoporation, which is based on
the combination of microbubbles and US, has been
receiving ever more attention. Via stable and
inertial cavitation effects, such as microstreaming,
jet formation and shock waves, cell membranes
can be permeabilized and tight junctions in
vascular endothelium can be opened.

We have developed a new lipid bubble suitable
for sonoporation. For good storage stability and
ease of handling, lipid bubbles were made into
freeze-dried formulations. Here we investigate
tumor blood vessel imaging and enhancement of
ERP effect by combination of lipid bubbles and
ultrasound and describe a new drug delivery

technology that Bubble-Ultrasound mediated Drug



Delivery System (BUS-DDS).

4. World First Experience with MR-guided
Focused Ultrasound in the Treatment of X-
linked Dystonia-Parkinsonism (XDP)

WC Chang!, R Dominic G. Jamora®, Kevin WK
Tsai', W Lin?, PY Chiu?, HG Lai', T Taira*
"Focused Ultrasound Brain Treatment Center,
Chang Bin Show Chwan Memorial Hospital,
Chang Hua County, Taiwan, 2Department of
neurology, Show Chwan Memorial Hospital,
Chang Hua County, Taiwan, *Department of
Neurosciences, Philippine General Hospital,
Manila, Philippine, *Department of Neurosurgery,
Neurological Institute, Tokyo Women's Medical
University, Tokyo, Japan.

BACKGROUND: XDP is a sex-linked disease
initially presented with distal dystonia and rapidly
progressed to generalized symptoms. Deep brain
stimulation could help relieve symptoms but the
economic status and health care system for these
people are also an issue. Recently, the magnetic
resonance (MR)-guided focused ultrasound
technology (MRgFUS) offers feasible results in
treating essential tremor and tremor dominant
Parkinson's disease with optimized accuracy. We
describe here the first experience of the MRgFUS
treatment of XDP in Chang Bin Show Chwan
Memorial hospital.

METHODS: This 42-year old male patient
suffered from hand dystonia for 5 years and rapid
progressed to generalize dystonia. XDP was
diagnosed by Dr. Jamora with clinical survey, XDP
gene and MRI findings. The scales of UPDRS, EQ-
5D-3L, Unified Dyskinesia Rating Scale and

Video-clips were collected. He was treated with

unilaterally MRgFUS ablation over right pallido-
thalamic tract (PTT). Final temperatures at target
were between 56°-60°(. Primary relief symptoms
were evaluated with subjective statement and
clinical neurologic examinations. The MR
examinations were performed before, during and
immediately after the operation.

RESULTS: This is the first treatment using
unilateral PTT tractotomy with MRgFUS in the
world. The target was defined real time with
patient's subjective statements during low power
sonication. As a consequence, the treatment
protocol was adapted by applying repetition of the
final temperatures up to 56-600(. MRI showed a
thermal lesion on PTT in T2-weighted (T2W)
images after sonication. There were no neurologic
deficits after treatment.

CONCLUSIONS: Our experience demonstrated
the feasibility, safety, and accuracy of the
MRgFUS tractotomy in treating XDP. In the
treatment of movement disorders, the MRgFUS

may be an alternative choice.

5. BBB disruption for brain disorders
Jin Woo Chang (Center for Innovative Functional
Neurosurgery, Department of Neurosurgery, Brain
Research Institute, Yonsei University College of
Medicine, Seoul, Korea)

Drug delivery to the brain is limited by the blood
brain barrier (BBB). And currently, strategies to
BBB for

circumvent the the delivery of

therapeutics (such as altering BBB with
hyperosmotic solutions, or on utilizing invasive
intracranial delivery and etc) are not satisfactory to
demonstrate the beneficial effects for the patient

with brain disorders because of the fundamental



limitation of these techniques. Recently, the field
of MR guided high intensity focused ultrasound
surgery (MRgFUS) is evolving and offers another
opportunities of the investigation of patient's with
many brain disorders such as glioblastoma and
Alzheimer's disease with drug/cell deliveries
through BBB disruption. Currently, we underwent
a prospective, single-center, single-arm study of
MRgFUS BBB disruption for the patient with
glioblastoma. The purpose of this study was to
evaluate the safety and the feasibility of the
multiple disruption of the BBB with MRgFUS
during the standard adjuvant chemotherapy with
temozolomide (TMZ). Patients were enrolled at
the beginning of their planned adjuvant TMZ
chemotherapy. MRgfUS BBB disruption was
performed with intravenous

microbubble (MB) and we disrupted BBB adjacent

injection  of

to tumor resection margin on the first or second day
of every 6 cycle of TMZ chemotherapy. The MRI
with T2*/GRE MR sequence was performed
immediately after every set of sonication for
BBBD and a comprehensive MRI with gadolinium
enhanced T1-weighted image was performed at the
completion of all sonications for BBB disruption,
to evaluate the adverse effects and the efficacy of
the BBB disruption.

In this presentation, we would like to show our
clinical outcome of MRgFUS BBB disruption for
the patient with glioblastoma. Lastly, we also
would like to show our experimental data of FUS
BBBD for rat and mouse model’s of Alzheimer’s

disease.
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