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1. Introduction

Cancer is one of the top causes of death throughout the world. Many cancer pa-
tients die due to the serious side effects of chemotherapy or through a drug-re-
sistance-related relapse after the treatment. It was established that a typical tu-
mor has high degree of heterogeneity and can contain more than 100 different
types of cells. If a specifically targeted drug is used, some types of cancer cells
may survive, and become dominant in the tumor, making this drug eventually
become useless for cancer therapy. If an adequate physical treatment is applied,
it should reduce not only the side effects but also the growth of drug-resistant
cancer cells. Radiation therapy is a standard physical method of cancer treat-
ment. It includes gamma-rays, x-rays, electron beam, proton beam, and etc.

Radiation therapy is intended to be directed only at the tumor. However, the
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radiation is difficult to focus, so it also affects the normal tissues when it passes
through the patient’s body. Normal cells are affected by ionizing radiation,
which causes undesirable side effects. [1] Moreover, radiation itself may cause
DNA mutation in normal cells, causing them to become cancerous. Photody-
namic therapy relies on the photosensitizing dyes to absorb light and convert the
energy into cytotoxic molecules including singlet oxygen. [2] The main limita-
tions of photodynamic method are solid tumor hypoxia [3] and relatively low
light penetration depth. Other non-ionizing radiation therapies are mainly based

on the hyperthermia of tumors due to larger sensitivity of tummex cells to heat

than their normal counterparts. [4] [5] A new physical does not
cause DNA mutations or destruction of normal cell . In this
work we applied nanoparticles with a mediu for the
comparative treatment of human malignant a

2. Results

The basic concept of nanoparticle rapy is shown in Fig-
ure 1. We compare the results cancer cell under the treatment of
nanoparticle assisted ultra ology. We observed selective

killing of cancer cells by t
The effect of ultrasou US) and ggld NPs on cancer (A549) and normal

Live normal cell

Live cancer cell

Dead cancer cell
Nanoparticles §o° 5

Ultrasound
transducer

Focused ultrasound field

Figure 1. Conceptual scheme of nanoparticle-assisted ultrasound for cancer therapy.
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Figure 2. Flow cytometry data for BEAS-2B n 49 lung cancer cells
with different treatments [6].

d NP ufider exposure of mercury lamp were obtained. This work aimed to
e the possible difference due to the small variation of US treatments and
di
of cells with nanoparticle and ultrasound resulted in 7% + 5% and 50% + 15% for
necrotic BEAS-2B and A549 cells, respectively. Thus, adding of gold NPs in the

culture media right before the US exposure, enhances the damage of cells cultured

rent culture conditions for cancer and normal cells. The combined treatment

both in separate and co-culture monolayers. However, the synergetic effect of US
field and NPs was more pronounced for malignant lung A-549 cells and especially
for the condition when A549 cells were co-cultured with their normal counter-
parts-BEAS-2B cells. The similar effect was discovered when separate monolayers
of breast normal MCF-10A and cancer MDA- MB-231 cells were treated by com-
bination of US with magnetic nanoparticles. Results also clearly demonstrated that
malignant breast cells demonstrate larger damage, than their normal counterparts,
especially for the combined US treatment.

To analyze a character of cell damage caused by US in combination with NPs,

TEM images of breast healthy and carcinoma cells were obtained. Results show
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the cancer cell membrane has more uneven structure after US, and especially af-

ter US with NPs than the membranes of the corresponding normal cells.

3. Discussion & Conclusion

Gold and super-paramagnetic iron oxide NPs possess a unique combination of
physical and chemical properties, allowing them to act as highly multifunctional
anti-cancer agents. Gold NPs have been tested as drug carriers, [6] and ra-
dio-sensitizers. [7] The gold NPs can simultaneously be used to visualize their

location inside the body using photoacoustic imaging, [8] coherence

of visualizing the tumor tissues.
In addition to thermal effects, [12] the

more irregular and “ragged” for malignant cells, especially after combined effect
of US field with NPs.

This experiment shows that US exposure causes some cell damage for both
normal and cancer types of cells, while the effect is somewhat greater for cancer
cells. However, when NPs are added to the system, the resulting cell damage is
much larger for cancer cells, than for the normal cells. The exact mechanism of
this “nonlinear” selectivity is unknown and requires further investigation.

The synergetic effect of US field with NPs or nanoparticle-assisted ultrasound
therapy can be potentially applied in therapy of tumors especially of hollow
organs as well as in treatment of leukemia.Using the biocompatible gold and

magnetic NPs expands the potential application of ultrasound therapy.
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