In silico model for low dose hyper-radiosensitivity linking mutation induction and cell survival

Szabolcs Polgdr, Baldzs G. Madas

Objective

Low dose hyper-radiosensitivity (HRS) and induced radioresistance (IRR) can be observed in the dose
dependence of survival of many different cell lines. Although, surviving fraction decreases
exponentially in a large-scale view, a local minimum can be found at around 0.5 Gy. While the
phenomenon may have implications on both tumour control and normal tissue complication
probabilities, its fundamental causes remain unclear. Earlier, it was hypothesised that low dose HRS
is derived from a protective mechanism that has evolved to prevent genomic instability by removing
those cells at risk of mutation. The objectives of the present study are to set up a computational
model based on this hypothesis and to test its predictions with the largest available database of
experimental data on low dose HRS and IRR 1.

Materials and methods

The computational model considers mutagenic lesions occurring spontaneously during cell divisions
(mean number is m in # per cell division) and mutagenic lesions induced directly by radiation (with a
factor of u in 1/Gy). Positions of cells are selected randomly on a virtual disk representing the culture
dish. Cells emit signals to their environment with a strength proportional to the number of
mutagenic lesions and decreasing with the distance. A cell goes into apoptosis if its mutagenic lesion
number is higher than the sum of the mean number of mutations per cell division and the mean
number of mutagenic lesions detected by the signal strength in the environment of the given cell.
Surviving curves are determined supposing that the number of mutagenic lesions follows Poisson
distribution with a mean proportional to absorbed dose. Monte-Carlo simulations were performed
to fit the parameters (m and u) of the computational model to 101 experimental datasets.

Results

The computational model can reproduce the local minimum of surviving curves without introducing
any arbitrary thresholds like a critical dose. The model can be fitted well to experimental datasets
resulting in reasonable values for its two parameters, i.e., for spontaneous mutation rate, m and for
mutation induction rate by radiation, W. In general, the model fails to fit experimental data in those
cases when the Induced Repair (IR) model, the most frequently used, descriptive mathematical
model also fails.
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Figure 1. Comparison of fits of our model and the IR model for one dataset 69 in 2 (left panel), and
distribution of parameter pairs obtained for different experimental datasets (right panel)

Conclusions

The computational model presented here provides a quantitative framework linking mutation
induction and low dose hyper-radiosensitivity and induced radioresistance. In contrast with the IR
model, the parameters of our model have clear biological meaning and can be measured
independently on the colony forming assay. However, it provides similarly good fit to experimental
data.
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