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INTRODUCTION 

Large part of radiotherapy side effects results from damage to the nuclear DNA molecule of healthy cells. Thus, a 

better understanding of these side effects can be reached by modeling the interactions between ionizing radiation 
and cell nucleus. The more realistic the geometrical modeling of the cell nucleus, the better the calculation of 

the DNA damage. DNA compaction has an important role in the induction of early damage, that’s why a new 
endothelial nucleus model is proposed, based on the theory of isochores and compared to former nucleus. 

ISOCHORE GEOMETRY 

• Genome is divided into 1Mbp segments which are 

classified in 5 families according to their GC rate. 

 

RESULTS 

 
• More DSBs with the isochore nucleus even in comparison with the nucleus with the same heterochromatin rate. 

• More damage in the genome core than in the genomic desert. 

DISCUSSION 

Chromatin compaction distribution of DNA fiber based on the theory of the isochores increases the mean number 

of DSB/event calculated but remains in agreement with previous geometries already validated. Moreover, this 
model allows to simulate the higher radiation sensitivity of the genome core, due to a higher euchromatin 

concentration. This information is primordial because the genome core is transcriptionally active. 

Comparison of the mean number of DSB/event/Gbp for the 

three endothelial geometries. 

Strand Break yield in the isochore nucleus with respect to their 

location: genomic desert or genome core. 
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MATERIALS and METHODS 

The geometrical nucleus models are integrated in a 

nanodosimetric calculation chain based on the 
Geant4-DNA Monte Carlo simulation toolkit (geant4-

dna.org) in order to simulate the early DNA damage 
topology. This chain is used to benchmark the isochore 
nucleus with a former nucleus used in previous work, 

in which heterochromatin and euchromatin are 
randomly distributed (Tang, Med. Phys., 2019). As the 

two nuclei have a different global heterochromatin 
rate, so a third nucleus is included to make the results 
more relevant. 

Simulations were performed with 1000 protons of 500 
keV (43.2 keV/µm), 1500 protons of 1.5 MeV (19.5 

keV/µm) and 2000 protons of 10 MeV (4.3 keV/ µm). 

Family classification for  segments of the chr omosome 33 accor ding to the theor y of isochor es. 

Families and their associated heterochromatin rate associated. 

Genomic desert Genome core 

Families L1 L2 H1 H2 H3 

Heterochromatin rate 100% 70% 50% 20% 0% 


