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In patients with skin melanoma and colon cancer, cell distribution by the number of  chromo- 
some aberrations cannot be described by Poisson distribution, but corresponds to a bipopula- 
tion model combining the Poisson and geometric distributions. In contrast to the control, in 
patients with malignant tumors, cells with geometric distribution possess the majority of  chro- 
mosomal aberrations. 
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Multiaberrant (rogue) cells were discovered long time 
ago, but now the interests of many explorers are fo- 
cused on the appearance of these cells. These cells 
were most frequently observed during total examina- 
tions of the frequency of chromosomal aberrations in 
population suffered from Chemobyl accident [2,3,7]. 
However, cells with multiple aberrations were also 
found in other population groups [1,9]. It was assumed 
that these cells participate in mutagenesis, teratoge- 
nesis, and oncogenesis [9]. 

Bipopulation model based on the idea of existence 
of two cell populations was proposed for quantifica- 
tion of  rouge cells. Judjing by the number of aberra- 
tions, most cells show the Poisson distribution. These 
chromosome aberrations are caused by external muta- 
genie factors. In the other smaller cell population ab- 
errations show geometric distribution. It is assumed 
that this distribution results from mutations in genes 
responsible for reparation and replication. Mutations 
of these genes cause aberrations in other genome loci. 
This model allows to explain the appearance of multi- 
aberrant cells in subjects living in ecologically un- 
favourable regions [6]. 
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Chromosome instability associated with the risk 
of  tumor development is known to accompany some 
rare autosomal recessive syndromes [8]. In the present 
study we applied the bipopulation model for descrip- 
tion of cell distribution by the number of aberrations 
in patients with two tumor types (skin melanoma and 
rectal cancer) and analyzed the contribution of  each 
subpopulation to the total number of aberrations. 

MATERIALS AND METHODS 

The frequency of chromosomal aberrations in periphe- 
ral lymphocytes was examined in patients with skin 
melanoma or colon cancer. Healthy donors living in 
Moscow comprised the control group. The methods of 
cell culturing, fixation, staining, and analysis of pre- 
parations were described earlier [4]. 

The parameters of  the model were determined by 
the formula for the number of cells with z aberrations: 

T(z)=7[(1-a)xexp(-z)xmZ/z!=axtx(1 -t) z, (1) 

where T is the total number of analyzed cells; a is the 
number of cells with geometric distribution by the 
number of aberrations; m is the Poisson distribution 
parameter (mean number of aberrations per cell for 
cells with Poisson distribution); t is geometric distri- 
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bution parameter (fraction of aberration-free cells in 
cell population with geometric distribution); z is the 
number of  aberrations per cell; T(z) is the number of 
cells with z aberrations. The values of parameters were 
calculated using the sum of minimal square deviations 
between measured and expected values. 

R E S U L T S  

The number of aberrant cells in patients with melano- 
ma did not differ from the control (Z2=2.17; df=l; 
p=0.14), while in patients with colon cancer it in- 
creased significantly (Z~=8.56; df=l; p=0.0034). In 
both cases cell distribution by the number of aberra- 
tions did not correspond to Poisson distribution (p<0.05). 
At the same time, the expected numbers of aberrant 
cells calculated according to the proposed model agree 
with the experimental data in all groups (p>0.05; Ta- 
ble 1). These results confirm previous data on inade- 
quacy of Poisson distribution to cell distribution by the 
number of  chromosome aberrations in subjects living 
in ecologically unfavourable regions [1]. 

The first item in formula (1) describes the forma- 
tion of aberrations due to external mutagenic factors 
and these cells are distributed according to Poisson 
distribution. In the control group this distribution is 
typical of  99% cells, while in melanoma and colon 
cancer these numbers decrease to 86 and 82%, respec- 
tively. The number of aberrations per cell is not high 
and varies from 0.021 to 0.035 (m parameter). 

The second item of formula (1) describes the cells 
with geometric distribution by the number of chromo- 
somal aberrations. This population is characterized by 
the presence of rouge cells. The formula M=(1-t)/t es- 
tablishes the relationship between t and the mean of 
geometric distribution [5] and allows to calculate the 
mean number of aberrations per cell for this popula- 
tion, which 10-fold surpasses that for the population 
with Poisson distribution (0.267-1.370 aberrations per 
cell). Formula (1) allows to calculate the number of 
aberrations in both cell subpopulations. In the control, 
75% aberrations develop due to occasional effects of 
mutagenic factors and correspond to Poisson distribu- 
tion (Table 2). At the same time, in both groups of can- 
cer patients the major fraction of aberrations develops 
in cell population with geometric distribution. 

Thus, the obtained data show that most chromo- 
somal aberrations in patients with melanoma and co- 
lon cancer are determined by the effect of endogenous 
factors. The number of cells with geometric distribu- 
tion by the number of aberrations significantly in- 
creased. Rouge cells can occur in this subpopulation. 
The analysis of cell distribution by the number of 
aberrations allows to evaluate the number of these 
cells and the number of chromosome aberrations, which 
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TABLE 2. Model Parameters and Quantitative Characteristics of the Frequency of Chromosomal Aberrations in Three Groups 
of Subjects 

Model parameters Control Melanoma Colon cancer 

% aberrant cells 

Aberrations/cell 

Number of aberrations per cell in population 
with Poisson distribution (m) 

Fraction of aberration-free cells in population 
with geometric distribution (t) 

Fraction of cells with geometric distribution (a) 

Number of aberrations per cell in population 
with geometric distribution M=(1-t)/t 

Fraction of aberrations in cells with geometric distribution, % 
m 

3.85 

0.0462 

0.035 

0.423 

0.0067 

1.37 

23.88 

4.75 

0.0566 

0.021 

0.790 

0.138 

0.267 

67.31 

5.95 

0.0715 

0.024 

0.783 

0.185 

0.277 

72.58 

necessitates the need of  estimation of the total num- 
ber of  aberrations and their distribution in cells. 
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