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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.

HAEZELEZLNAOTY, X DREIHEHRHL T
ﬁb—vz%ﬁ%mr6t6¢f%$@1ﬁéz§t&5
PhEN RV, FO—2IZ, BLETOEMN AL, 4
@mﬁ%ﬁ%pﬁﬁﬁ%ﬂLﬁﬁﬁmLrﬂﬁwﬁﬁLo&
WHETRMN—TATEHEEIFETLZZ 006, FHOIE
HHOBEDORBIRETE S, MuUiE, THREF—Y R
M54 5 ET2HE L RETRELHITONETH
5. Bl bb L VIFELR TR M= RS LR
HBIETORELEEDIZ, LVHEOLIWT R 2FH
BB I L EFHRFELTRER VW,

X ®
1)Kerr JE, Wyllie AH, Currie AR: Apoptosis: a basic biological
phenomenon with wide-ranging implications in tissue kinet-
ics. Br J Cancer 26: 239-257, 1972
2)KH—HF, FRIEA, RERHE 8 - B 2002, K
Wig, HhR, EXARRC R BT ET 6 AT
FRERIE T A b — T A, 203-214, 2002, fEBHAE, HOE
3VKHE—ER, WAGIEA, KU, 1 HdHRs & UIRRGHD
W TAHAM-AOREEMR ). BATHRAEWITZE 35 1 67-
79, 2000
4)EIGIRA, RPTRHE | Bt & RS
REHFF 269 1 1-13, 1997
5)Ohnishi T, Takahashi A, Yano T, et al: Hyperthermic enhance-
ment of tumor growth inhibition by accelerated carbon-ions in

$HRF. U

transplantable human esophageal cancer. Int J Hyperthermia
14: 195-202, 1998

6) Takahashi A, Ohnishi K, Wang X, et al: The dependence of p53
on the radiation enhancement of thermosensitivity at different
LET. Int J Radiat Oncol Biol Phys 47: 489-494, 2000

7) Takahashi A, Ohnishi K, Ota I, et al: p53-Dependent thermal
enhancement of cellular sensitivity in human squamous cell
carcinomas in relation to LET. Int J Radiat Biol 77: 10431051,

2001

8) Takahashi A, Ota I, Tamamoto T, et al: p53-Dependent hyper-
thermic enhancement of tumor growth inhibition by X-ray or
Carbon-ion beam irradiation. Int J Hyperthermia: in press

9) Asakawa I, Yoshimura H, Takahashi A, et al: Radiation-induced
growth inhibition in transplanted human tongue carcinomas with
different p53 gene status. Anticancer Res: in press

10) Leite M, Quinta-Costa M, Leite PS, et al: Critical evaluation
of techniques to detect and measure cell death-study in a model
of UV radiation of the leukaemic cell line HL60. Anal Cell Pathol
19: 139-151, 1999

11)Ota I, Ohnishi K, Takahashi A, et al: Transfection with mu-
tant p53 gene inhibits heat-induced apoptosis.in a head and neck
cell line of human squamous cell carcinoma. Int J Radiat Oncol
Biol Phys 47: 495-501, 2000

12)Lane D: p53, guardian of the genome. Nature 358: 15-16, 1992

13)Reiter I, Krammer B, Schwamberger G: Cutting edge: differ-
ential effect of apoptotic versus necrotic tumor cells on mac-
rophage antitumor activities. J Immunol 163: 1730-1732, 1999

14)Reed JC: Dysregulation of apoptosis in cancer. J Clin Oncol
17: 2941-2953, 1999

HAER SR 5562 % #5105



