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ABSTRACT: 5-Aminolevulinic acid (ALA), a precursor of
protoporphyrin IX (PpIX), has been utilized as a potent sensitizer
for photodynamic therapy (PDT) of cancer through production
of reactive oxygen species (ROS). ALA also has been proposed as
a possible radiosensitizer with low linear energy transfer (LET)
radiation because antitumor activity of low-LET radiation depends
on ROS mainly. In this paper, we investigated the radiosensitizing
activity of PpIX in carbon ion irradiation as a high LET radiation.
PpIX was detected in an EMT6 mouse mammary breast tumor cells
even at 24 h post treatment. The cytotoxicity of PpIX against EMT6
cells was IC50 = 48.0 pm. The combined treatment of 1.0 pm of PpIX
with 2 Gy of carbon ion irradiation (290 MeV/nucleon, 85.1 keV/um)
showed a more potent antitumor activity than carbon ion irradiation
alone. We demonstrated that PpIX showed a radiosensitizing effect
with carbon ion beam against mouse mammary breast tumor cells.
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1.0 INTRODUCTION

5-Aminolevulinic acid (ALA), a precursor of protoporphyrin IX (PpIX),
has been utilized as a potent sensitizer for photodynamic therapy
(PDT) for cancer through production of reactive oxygen species
(ROS) by photoexcitation of PpIX [1-3]. ALA and PpIX also have been
proposed as a possible radiosensitizer with low linear energy transfer
(LET) radiation [4, 5], because antitumor activity of low-LET radiation
depends on ROS mainly. On the other hand, the antitumor effect of high
LET radiation, such as heavy particle beam and neutron beam, does
not depend on ROS. However, we speculated that PpIX has possibility
to generate ROS in response to heavy particle beam because heavy
particle beam also includes a little of low LET radiation. Therefore,
we investigated the radiosensitizing activity of ALA in carbon ion
irradiation.

20 METHODOLOGY

Intracellular concentration of PpIX was measured as follows; EMT6
cells (1 x 105 cells/mL) were treated in 10 uM of PpIX and collected
cells in each time and detected the fluorescence of PpIX (emission: 410
nm, excitation: 630 nm).

Antitumor activity of PpIX was measured as follows; EMT6 cells (1 x
103 cells/mL) were treated in each concentration of PpIX at 24 h and cell
viability was measured by WST-1 assay.

In vitro radiosensitization was measured in EMT6 single cells. PpIX was
added to an EMT®6 cell (5 x 105 cells/mL) suspension at a dose of 1 uM
in cell culture flasks. The cells were irradiated with a 290 MeV/nucleon
(85.1 keV/ uM) carbon beam in HIMAC at the National Institute of
Radiological Sciences (NIRS, Chiba) by 1-2 Gy at 24 h post treatment
of PpIX. After irradiation, colony formation assays were performed.
Surviving fraction (SF) was determined from the ratio of the number of
colony of control.

3.0 RESULTS
3.1 Intracellular Uptake of PpIX

We evaluated the intracellular uptake of PpIX using EMT6 cells. PpIX
was detected in an EMT6 mouse mammary breast tumor cells at 1 h
post treatment and showed a maximum concentration at 24 h post
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treatment (Figure 1). Therefore, we decided carbon ion irradiation time
at 24 h post treatment.
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Figure 1: Intracellular concentration of PpIX

3.2 Cytotoxicity of PpIX

Next, we evaluated the cytotoxicity of PpIX against EMT6 cells. As
shown in Figure 2, the cell viability rate of 1 uM of PpIX group at 24
h post treatment was 99.7 %, indicating that 1 uM of PpIX showed
no cytotoxic effect on EMT6 cells under our experimental conditions.
Obviously, cell viability was concentration-dependently inhibited by
equal more than 3 uM of PpIX. The IC50 value of PpIX was 48.0 uM.
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Figure 2: Cytotoxicity of PpIX against EMT6 cells

3.3 Radiosensitizing Activity of PpIX

Figure 3 shows the radiosensitizing effect of PpIX against EMT6 cells
to single-dose carbon ion irradiation. EMT6 cells treated with 1.0 oM
of PpIX 24 hours before 2 Gy of carbon ion irradiation showed higher
radiosensitivity (SF = 0.071) than control cells (SF = 0.196). However,
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there were no differences in the 1 Gy of single-dose carbon ion
irradiation between the PpIX treated group and the control (SF = 0.421
and SF = 0.479, respectively).

K. Matsumoto et al.,, reported that hydrogen peroxide generation
was occurred by relatively high-dose of carbon ion irradiation [6].
Additionally, J. Zeng et al., reported that PpIX can catalyze conversion
of hydrogen peroxide into singlet oxygen which having a potent
antitumor activity [7]. Therefore, we speculated that PpIX generated
singlet oxygen via carbon ion beam-induced hydrogen peroxide.

On the other hand, C. Sun et al., reported that carbon ion beams induce
hepatoma cell death by NADPH oxidase-mediated mitochondrial
damage [8]. We suggested that PpIX enhance the mitochondrial damage
by carbon ion irradiation because PpIX accumulate mitochondria [9].
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Figure 3: Radiosensitizing activity of PpIX with carbon ion beam

4.0 CONCLUSIONS

We demonstrated that PpIX showed a radiosensitizing effect with
carbon ion irradiation against mouse mammary breast tumor cells.
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