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Potential clinical use of ultrasound in enhansing the effects on
anticancer drug in the treatment of cancers has become the center of
wide interest. So We investigated the effect of cell killing by
combination of microbubble (Perflubutance:;Sonazoid™) and US,
anticancer drug (Vindesine Sulfate;Fildesin®) and US, Sonazoid®
-Fildesin® and US. Human myelomonocytic lymphoma U937 cells
were used for the experiments. Experiments were conducted in 6
groups; (1) non-treated, (2) Fildesin® treated, (3) US treated, (4)
Fildesin” + US, (5) Sonazoid" + US, (6) Fildesin® + Sonazoid"
+ US. Added 250 ug/ml Fildesin in U937 suspension and sonicated
by 1.011 MHz US (Burst rate: 5 Hz, Duty: 25%) at intensities of
0.6 W/cm® for 60s. The cells incubated for 0.5 ~ 5hr after
sonication. The viability was evaluated by MTT assay. The result,
The most cell killing effect was observed in group (4)-(5). The
anticancer effect of fildesion was observed after 5 hr invation. And
the effect was enhanced by combination of F ildesin® and US.

3) Low-intensity ultrasound inhibits cancer cell growth in
vitro and tumor growth in vivo

Loreto Feril (Dept of Anatomy, Fukuoka University School of

Medicine)

In this portion of the review we will focus and discuss various
aspects of low-intensity ultrasound (US), with emphasis on mild
thermal effects, apoptosis induction and sonomechanical effects.
Mild thermal effects of US have been commonly applied for physical
therapy. Though US has clear beneficial effects, the advantage of
using US over the other heating modalities remains unclear. US have
also been used in vivo and clinically in the treatment of wounds and
fracture with promising results. On the biomolecular level, studies
have shown that US can induce apoptosis and that certain conditions
can provide an optimal apoptosis induction. As to the potential
therapeutic applications, in addition to the thermal and other physical
effects, apoptosis induction by US may offer a direct and rapid
treatment of tumor or cancer tissues. Technological advances and
rapidly accelerating research works in this field are providing an ever

increasing array of therapeutic potentials for low-intensity US
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To clarify the detailed molecular mechanism underlying cellular
responses to nonthermal low-intensity pulsed ultrasound (LIPUS),
gene expression patterns and genetic networks in human lymphoma
U937 cells were examined using global-scale microarrays and
computational gene expression analysis tools. Six hours after LIPUS
treatment (0.3 W/cm2 for 1 min), apoptosis (14 = 3. 8%, mean *
SD) without no cell lysis was observed. Of 22,283 probe sets
analyzed, LIPUS down-regulated 193 genes and up-regulated 201
genes by > 1.5-fold. For down-regulated genes, the significant
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genetic network D was associated with cellular growth and
proliferation, gene expression, or cellular development. For up-
regulated genes, the significant genetic network U was associated
with cellular movement, cell morphology, and cell death. The present
results indicate that LIPUS affects the expression of many genes and
will provide novel insight into the biomolecular mechanisms of
LIPUS in therapeutic application for cancer therapy.
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6) The Effects of Low Intensity Ultrasound on Tumors:
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Preliminary Study in Mice
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Recently we demonstrated that low-intensity ultrasound combined
with echo contrast microbubbles can be utilized to deliver genes into
tumor cells. However, the effect of ultrasound on tumors and the
safety of ultrasound in cancer patients are still unknown. In this
study, we determined whether the tumor growth of human gastric
carcinoma could be affected by directly irradiating the tumors in
nude mice with low-intensity ultrasound.

MATERIALS AND METHODS: In vitro, 2 x 10°/ml CHO cells
were irradiated with low-intensity therapeutic ultrasound (1 MHz) at
0.2-2.0 W/em®, 10 - 70% duty cycle for 20 - 60 seconds. (n = 5).
The cell viability was immediately analyzed. In vivo, human gastric
carcinoma cells (MKN-74) were subcutaneously implanted in Balb/c
nu/nu mice at 0. 1 ml with 5 x 10° cells per mouse. The tumors which
were approximately 5 — 6 mm in diameter were directly sonicated for
2 minutes once daily for three days, at a 1-MHz, 20 - 50% duty
cycle, 0.5-2.0 W/em® intensity (n = 8) and tumor diameters were
examined twice a week. The temperatures at the surface and the
inside of tumor were also measured.

RESULTS: In vitro, at duty cycle 50%, sonication resulted in just
about 10% decrease in cell viability at 0. 2 - 1. 0 W/cm® intensity for
20 - 60 seconds, but the sonication at 1.5-2.0 W/cm’® intensity
significantly reduced cell viability depending on the duration of
sonication. At intensity 1.0 W/cm’, there was no difference at duty
cycle 10 - 50% for 20 - 60 seconds. In vivo, there was no significant
difference of the tumor sizes in the groups of 0. 5, 1.0, 2. 0 W/cm® at
duty cycle 50% compared with the unsonicated control group. At
duty cycle 20%, there was no significant difference in the tumor size
between 0.5 W/cm® and control group, but the tumor growth
increased in 1.0 W/em® and 2.0 W/cm® intensity groups compared
with control group. The temperatures of the interior tumor were
raised about 5C and the temperatures of the tumor surface were
raised about 2°C after sonication for 10 minutes and there was no
significantly difference in the separated groups.

CONCLUSION: Tumor growth of human gastric carcinoma was
not affected by direct irradiation with low intensity ultrasound at
intensity 0.5, 1.0, 2. 0 W/em® and duty cycle 50%. It could also be
suggested that low intensity ultrasound irradiation used for other

purposes is safe to use on patients.
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To determine if there is any synergistic antitumor effect of
ultrasound (US) in the presence of sparfloxacin, one of new-
quinolone (NQ) antibiotics, 0. 2 mM solution of SPFX was used as
sonodynamic compound against sarcoma 180 cells in vitro. After US
irradiation at 0. 11 W/cm® for 30 seconds, the survival rates of tumor
cells in 0.2 mM SPFX added groups were significantly lower than
those without (P <0.001). In May-Giemsa smear, most of tumor
cells were maintained intact in control group. However, in the SPFX
added group, the tumor cells were mostly broken into pieces. The
synergistic antitumor effects of SPFX were also dose dependent. In
scanning and transmission electron microscopic study, most cells in
the control group were spherical, but in the SPFX-added group the
cells were aspherical. Cell membranes were often ruptured, and
numerous pores of various sizes were observed. Some cells were
totally disintegrated. These findings suggest that NQ antibiotics
would be promising compounds for antitumor activities under US
irradiation, and the most characteristic changes of synergistic
antitumor activities of US and SPFX were on cell membrane.
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Interest in molecular imaging and in molecularly-targeted therapy
has grown tremendously, and ultrasound may affer new tools for
moderncancer therapy. To understand how therapeutic ultrasound
works, it is necessary to understand its biological effects at the
molecular level. In this review, investigations on the molecular
aspects of ultrasound are discussed, with emphasis on apoptosis
induction, gene expression, and gene transfection. In these studies,
apoptosis induction was assayed with flow cytometry and with other
methods targeting indicators of apoptosis. Gene expression was
evaluated using western blotting, real-time polymerase chain
reaction, and microarray analysis. Gene transfection was investigated
using a luciferase assay and other methods. The reported results show
that low intensity ultrasound can induce apoptosis in cancer cell
lines, and that this effect can be optimized using pulsed ultrasound.
Sonication can result in the down-reguration or up-reguration of
some genes. Of particular interest is the striking up-reguration of the
heme oxygenase-1 gene, a gene usually associated with oxidative
stress in human lymphoma U937 cells. Introducing genes using
ultrasound with or without microbubbles also exhibited promising

results.
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New methods for ultrasound contrast imaging that use amplitude-
encoded ultrasound pulses have recently been developed. An
understanding of various behaviors of bubbles exposed to ultrasound
pulses with different pressures is important for using these methods.
In order to study the dependence of bubble behavior pressure, a high-
speed observation system was improved to generate pulses that have
various pressures at pulse intervals of several tens of microseconds.
A microbubble was exposed to five ultrasound pulses with increasing
pressures (normalized pressure of 1.0, 1.2, 1.4, 1. 6 and 1. 8 at pulse
intervals of 20 us) The total frame number of the high-speed camera
is 24, and 5 frames were assigned to the first 4 pulses and 4 frames
were assigned to the first to the last pulse. The ultrasound contrast
agents Definity and Levovist® were used in the experiments, and the
center frequency of ultrasound pulses was set at | MHz. It was found
that the amplitude of bubble oscillation generally increased with
increase in pulse pressure, though discontinuous increase in
oscillation amplitude was frequently observed in the results obtained
using Levovist”. This strong nonlinear relationship between pressure
of ultrasound pulse and amplitude of radial oscillation should be
considered in amplitude-encoded contrast imaging methods.
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Potential clinical use of ultrasound in enhancing the effects on
anticancer drug in the treatment of cancers has become the center of
wide interest. So we investigated the effect of cell killing by
combination of microbubble (Perflubutane; Sonazoid®) and US

(ultrasound), anticancer drug (Vindesine Sulfate; Fildesin®™) and
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US, Sonazoid®-Fildesin® and US. Human myelomonocytic
lymphoma U937 cells were used for the experiments. Experiments
were conducted in 6 groups; (1) non-treated, (2) Fildesin® treated,
(3) US treated, (4) Fildesin®+US, (5) Sonazoid® + US, (6)

Fildesin® + Sonazoid® + US. Added 250 ug/ml Fildesin® in U937
suspension and sonicated by 1. 011 MHz US (Burst rate: 5 Hz, Duty:
25%) at intensities of 0. 6 W/cm” for 60s. The cells incubated for 0. 5
~ 5 hr after sonication. The viability was evaluated by MTT assay.
The results, the most cell killing effect was observed in group (4) -
(5). The anticancer effect of Fildesin® was observed after 5 hr
incubation. And the effect was enhanced by combination of Fildesin®
and US. The above experimental results suggest that combination of
ultrasound and contrast agent microbubbles could be used for
enhancement of conventional anti-cancer drugs such as Fildesin®.
Further experiments are needed to evaluate the exact mechanism of

this phenomenon.

Jpn J Med Ultrasonics Vol. 36 No. 3 (2009)



