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One of the most important consequences of the irradiation of human population is
radiation induced leukemia. It is well known at present time that different types of malignant
diseases such as leukemias are related to specific changes of genetic material in human cell
tissues. The prototype of genetic aberration which is found in leukemias is ABL/BCR
translocation typical of chronic myeloid leukemia which is also frequently induced by
radiation.

We have shown that physical distance can play an important role in the processes
leading to the translocations that are responsible for oncogenic transformation of cells [1].
Thus, for example, one of the reasons of high incidence of ABL/BCR fusion may be the
physical closeness of ABL and BCR genes in cells. Our results show that the average distance
of ABL-BCR genes in interphase lymphocytes is only 24% of nuclear radius; after stimulation
this distance increases to 35%. The mean value for randomly distributed genes in a sphere is
43%. It means that the critical genes are in most cells near to each other than is the random
distance. We also investigated the distance between chromosomes 9 and 22 in prometaphase
plates (rosettes) of human fibroblasts. In high number of prometaphase rosettes each copy of
chromosome 9 was located near one copy of chromosome 22 and both these pairs were
located on opposite sides of the plate. Thus, both in interphase and in mitosis the distance
between ABL and BCR genes, located in the chromosomes 9 and 22, is substantially shorter
as compared with its random value. This closeness obviously contributes to the observed
incidence of leukemia.

We have found that the positions of ABL and BCR genes in irradiated and stimulated
lymphocytes are shifted to the centre of the nucleus, they are closer to each other and also the
distances between heterologous ABL and BCR genes are shorter. In 15% of cell nuclei
irradiated with ^-radiation (5Gy) the volume in which the mentioned genes appear is 6 times
smaller as compared with control cell nuclei. Consequently the probability of the interaction
between ABL and BCR genes increases 62x0.15=5.4times. Thus, radiation substantially
increases the probability of the induction of leukemia not only due to the formation of damage
to DNA but also due to the changes of the chromatin structure in irradiated cells which
concentrates the critical genes in relatively small volume.
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