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Special Lecture

Analysis of Death Pattern in Cancer Cells
by Using Different Kinds of LET Radiation

Akihisa Takahashi', Ken Ohnishi",
Mizuho Aoki?, Yoshiya Furusawa?,
and Takeo Ohnishi"

We investigated the death pattern of cancer cells by using
different kinds of linear energy transfer (LET) radiation. We
used two human squamous cell carcinoma cell lines with an
identical genotype except for the p53 gene. SAS/mp53 cells
were established by transfection with the mp353 gene to SAS
cells having functional p53 (wip53). As the control, a neo-
vector was transfected to the SAS cells (SAS/neo cells). Both
types of cells were exposed to X-rays (1.5 KeV/um)or ac-
celerated C-beams (30-100 KeV/um). The frequency of cell
death (apoptosis and necrosis) was measured by acridine
orange/ethidium bromide (AO/EB) double staining for fluo-
rescence microscopy. We found that (1)low-LET radiation
induced apoptosis only in SAS/neo cells; (2) high-LET ra-
diation at an iso-survival dose induced apoptosis not but
necrosis in SAS/neo cells at a higher frequency; (3)high-LET
radiation induced p53-independent apoptosis even in SAS/
mp353 cells. Our findings suggest that high-LET radiotherapy
is expected to (1)have validity in its application to patients
carrying mutated p53 cancer cells and (2) reduce injury to
adjacent normal tissue for high-frequency-induced apoptosis
without inflammatory response. We propose that elucida-
tion of p53-independent apoptosis-related genes might pro-
vide new insights into radiotherapy for cancer.
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Fig. 1 Swurvival curves of cells exposed to X-raysiclosed
symbaols)and carbon-ion beams (open symbols). Circles, wip53
cells; triangles, mps3 cells, Error bars indicate standard devia-
tions.
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Fig. 2 Definitions of apoptosis and necrosis.
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bromide {AQ/EB)was applied for fluorescence
microscopy, This method was combined with the
morphological aspect of chromatin condensation
in the stained nucleus and the differential uptake
of fluorescent ODNA binding dyes. AOQ, which
stained nucieus through both intact and damaged
membranes, emits green fluorescence. In con-
frast, EB stained nucleus only through damaged
membrane. It emits red fluorescence and pre-
dominated over AD. Therefare, il is possible to
distinguish between viable, apoplotic, and ne-
crofic cealls.
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Fig. 3 LET dependency of radiation-induced cell death. Cells were cultured in normal medium for 48 h after irradiation
at iso-survival dose (D 30). Apoptosis(----); necrosis(-—-); total cell death(— ).Left panel, wtp53 cells; right panel,

mp53 cells.
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Fig. 4 LET dependency of radiation-induced DNA fragmen-
tation. Cells were cultured in normal medium for 48 h af-

mp53 cell ter irradiation at iso-survival dose (D30). Lane Marker, X174

DNA Hae Ill fragments as size markers; lane Control, non-
irradiated; lane 1.5, X-rays (1.5 KeV/um); lanes 30-100,
C-beams (30-100 KeV/um). Upper panels, wip53 cells; lower
panels, mp53 cells.
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Fig. 5 Possible contribution of apoptosis and necrosis to cell death induced by
low-LET or high-LET irradiation at iso-dose in wip53 and mp53 cells.
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