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In the context of ionising radiation induced DNA dam-
age, the DNA double strand breaks (DSB) are actually 
considered the dominant effect of radiation action leading 
to cell killing. Several experimental methods have been 
developed in order to measure the DSB induction and 
repair in cells. By means of gel electrophoresis tech-
niques, for example, is possible to measure the DSB in-
duction and the following rejoining over time after irra-
diation [1, 2]. The resulting curve is often fitted with a 
combination of two exponential functions, representing 
the fast and the slow component of rejoining. When com-
paring the effect of different radiation qualities on the 
rejoining kinetics, a delay is in general observed in the 
rejoining process when high ionisation densities are in-
volved (i.e. high LET ion irradiation) and consequently 
more clustered damage is induced.  

The recent version of the Local Effect Model (LEM) 
combines the photon input data and an amorphous track 
structure model with a detailed consideration of the spa-
tial distribution of the initial damage (DSB) [3, 4]. The 
high order chromatin structure is actually taken into ac-
count, assuming that the DNA content inside the cell nu-
cleus is organised in “giant loops” of DNA [5], each one 
comprising around 2Mbp of DNA. This allows the defini-
tion of two different classes of damage, namely ‘isolated’ 
(iDSB) and ‘clustered’ (cDSB) double strand breaks, 
when only one and two or more DSB are induced in the 
loop structure respectively. Obviously, cDSB are ex-
pected to be more difficult for the cell to process because 
the integrity of the loop structure is lost. The fractions of 
induced iDSB and cDSB strongly depend on the ionisa-
tion density, with a higher fraction of cDSB being the 
result of a high LET irradiation, compared to the photon 
case. 

The LEM predictions in terms of iDSB and cDSB can 
be used to develop a DSB kinetic rejoining model. The 
basic assumption is that a correspondence can be found 
between the two classes of DSB defined in the LEM and 
the two components of DSB rejoining which are usually 
observed in the experimental curves. According to this 
concept, an increase in the fraction of DSB rejoined with 
a slow kinetic would be the effect of an increase in the 
fraction of induced cDSB. In this context, once experi-
mental data are available and experimental conditions are 
known (radiation quality, cell line), we can use the LEM 
to predict the fractions of iDSB and cDSB corresponding 
to the particular case (in the photon case, Poissonian dis-
tribution of DSB is assumed). These values are then used 
to derive the fraction of unrejoined DSB: 
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where FiDSB and FcDSB are the fractions of induced iDSB 
and cDSB respectively, and τfast and τslow are the half-lives 
of the two components. After the input parameters are 
available from simulations, we can use the function to fit 
experimental data, obtaining τfast and τslow as fitted pa-
rameters. In Fig. 1 a preliminary application of the model 
is shown; it demonstrates, that a consistent simultaneous 
description of low- and high-LET rejoining data can be 
achieved based on half-lives derived from the photon data 
(τfast=16±1min, τslow=146±28min) and the different con-
tributions of iDSB and cDSB for the different radiation 
qualities.    
 

 

Figure 1: application of the rejoining model to experimen-
tal data shown in [1], the points refer to experimental 
data, while lines show the results obtained with the 
model.  

 
A successful application of the model presented here to a 
wide spectrum of experimental data, involving different 
cell lines and different radiation qualities, would represent 
a partial validation for the mechanistic bases of DNA 
damage on which the LEM is built. Work is actually 
ongoing in this direction. 
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