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The reasons for the highly variable sensitivity of differ-
ent cell types and tissues against ionising radiation are not 
well understood [1], [2], [3]. We studied cell killi ng and 
structural chromosome aberrations in tumour cells irradiated 
with carbon ions of different energies (400 MeV/u, 200 
MeV/u, 100 MeV/u and extended Bragg peak) in compari-
son with X-rays [4]. Two tumour cell li nes, a radioresistant 
WiDr-line and a radiosensitive MCF-7-line (modal chromo-
some number = 72 in both) were studied. The radiation-
induced cell death of both cell li nes was predominantly due 
to clonogenic cell death because of a small fraction of apop-
totic cell death (<12 %, data not shown). The relative bio-
logical effectiveness was determined from the corresponding 
survival curves. Table 1 shows the RBE values determined 
for 10%-survival. RBE reached a maximum with RBE �  3 
after irradiation in extended Bragg peak in both cell lines.  

 

Table 1. RBE-values determined for 10%-survival in 
WiDr and MCF-7 cells. 

Figure 1.  Genomic frequencies of radiation-induced total 
dicentric chromosomes per cell i n WiDr and MCF-7 cells 
irradiated with 200 kV X-rays and 100 MeV/u carbon 
ions. Synchronised G0/G1-cells were irradiated with 
graded doses up to 4 Gy. Curves are fitted by linear or 
linear-quadratic equation. Error bars indicate 95% Pois-
son confidence limits.  

 

Yields of total dicentrics, i.e. simple dicentrics plus dicen-
trics involved in complex exchanges, were determined in 
Giemsa-stained metaphases. The corresponding dose-effect 
relationships are plotted in fig.1. The RBE for the induction 

of 1 dicentric per cell amounted about 4 for WiDr cells and 
about 1 for MCF-7 cells irradiated with 100 MeV/u ions.  

Taking into account that apoptosis-caused cell death was 
quite low, and that dicentrics are lethal in normal cells, these 
results indicate that: 1) WiDr cells might tolerate in some 
way these lethal aberrations and 2) in MCF-7 cells, the 
clonogenic death is also caused by another damage type. An 
increased biological effectiveness of carbon ions could be 
confirmed in radioresistant and radiosensitive tumour cells 
also with respect to the induction of simple reciprocal trans-
locations (data not shown).  

After irradiation with carbon ions, a higher proportion of 
complex exchanges including simple and multiple inser-
tions, was observed in both cell li nes. Complex exchanges 
visible with single-colour FISH resulted mostly from ex-
changes among three different chromosomes. A steep in-
crease in the complex aberration yield was observed in the 
sensitive MCF-7 cells at a much lower dose than in the resis-
tant WiDr cells, as shown in fig.2. 

Figure 2. Yields of total visible complex exchanges per 
cell , involving the painted chromosome 2. Three intact 
copies of this chromosome were present in both cell lines.  
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 LET [kev/µm] WiDr MCF-7

200 kV X-rays 1 1
400 MeV/u carbon ions 11.0 1.3 1.8
200 MeV/u carbon ions 16.5 1.5 1.9
100 MeV/u carbon ions 28.0 2.2 2.0
extended Bragg peak 89.0 2.9 2.9
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