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ABSTRACT

Study of peripheral blood smears from irradiated patients (liquidators of
consequences of the Chernobyl Atomic Electric Plant accident) has shown nuclei of some
lymphocytes to have a protrusion into the cytoplasm. Such abnormal nuclei are called
"tailed" nuclei (TN). The mean frequency of appearance of lymphocytes with TN in the
group of irradiated patients (n=136) amounted to 0.59%, whereas in the group of healthy
donors (n=50), 0.15% (the difference between the groups is statistically significant). The
correlation coefficient between the indicators "frequency of lymphocytes with NT" and
"frequency of lymphocytes with dicentric chromosomes" was 0.73 (n=47, pO.OOl). By the
method of bicolour FISH there was revealed localization of the near-centromere (not more
than two signals) and telomere (not more than one signal) regions in the nuclear "tails".
Abnormalities of the TN type in lymphocytes are likely to result from breakdowns of
chromosomal bridges formed by dicentric chromosomes.

INTRODUCTION

Appearance of dicentric chromosomes leads, as a rule, to formation of chromosomal
bridges. One of the possible results of completion of cell divisions can be breakdown of these
bridges, with the subsequent formation of semi-bridges or, in other words, "tailed" nuclei
(TN) [1]. As polycentric chromosomes are markers of radiational effects, anomalies of the
cell nuclei of the "tail" type are rightly considered radiospecific.

The present work deals with the TN in lymphocytes of irradiated patients, liquidators
of the Chernobyl Atomic Electric Plant accident. Incidence frequencies of lymphocytes with
TN in the peripheral blood of the liquidators and of healthy donors were determined as well
as a correlation between indicators "frequency of lymphocytes with TN" and "frequency of
dicentrics". To study origin of the NT, we used method of the bicolour FISH to locate the
near-centromere and telomere heterochromatin in the nuclear "tails".

MATERIAL AND METHODS

The group of patients was composed of 135 men, liquidators of the Chernobyl
Atomic Electric Plant accident, who were irradiated 6-11 years ago, the control group, of 50
healthy men. Giemsa-stained hematologic preparations were obtained by the routine
procedure. In each man, 500 lymphocytes were analyzed. Preparations of lymphocyte
metaphase chromosomes were obtained by a micromethod after the 48-hr long cultivation
[2]-

The bicolour hybridization in situ was performed on the peripheral blood smears by
the method [3]. As DNA probes for the FISH, there were used the plasmide Bluescvipt KS
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that is biotinized using the nick-translation and contains the telomere-specific sequence
(TTAGGG)n of the 181 n.b. length, as well as the alphoid DNA probe specific for the
centromere regions of all human chromosomes (Cambio). To detect hybridizational signals,
the standard system was used. FITC and TRITC served as detectors of the biotinized probe
and of the probe labeled with digoxigenine, respectively.

RESUTS AND DISCUSSION

The "tails" of lymphocyte nuclei in our observations represented morphological
anomalies, with the nuclei showing a protrusion into the cytoplasm. All types of the revealed
TN (more than 1000 observations) are presented in Fig. 1.

Fig. 1. The observed types of "tailed" nuclei in lymphocytes of the human peripheral
blood.

The TN in lymphocytes were seen in most liquidators (more than in 85%), whereas in
the control group, more than 50% of the people had no lymphocytes with TN. This difference
between the liquidator and control groups was statistically significant (pO.0.001, the Mann-
Whittney's test). The mean frequency of the incidence of lymphocytes with TN in the group
of liquidators amounted to 0.59%, whereas in the control gtoup, to 0.15%.

In 47 patients of the liquidators' group with different frequencies of incidence of
lymphocytes with TN, frequency of metaphases with dicentric chromosomes was determined.
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There was revealed a positive correlation between the indicators "frequency of lymphocytes
with TN in the peripheral blood in vivo" and "frequency of PHA-stimulated lymphocytes
with dicentrics in culture in vitro"; this correlation turned out to be statistically significant
(p<0.001), and the correlation coefficient computed according to Spearman amounted to
0.73.

It is important to note that the binuclear lymphocytes also were observed in the
peripheral blood smears. Frequency of the incidence of such lymphocytes was 0.06% in the
liquidators' group, whereas no bridges were found in the control group.

The bicolour fluorescent hybridization in situ revealed that centromeres were located
predominantly in the base and/or in the region of the chromatin enlargement at the end of the
"tails", while telomeres, only in the latter region (Fig. 2).

Fig. 2. Scheme of localization of the centromere signals revealed by TRITC (•) and
telomere signals revealed by FITC (x) in the "tails" of lymphocytic nuclei.

Among 46 TN examined there were no "tails" with more than two centromere signals
and one telomere signal. This indicates the nuclear "tails" to be probably formed by one
and/or two chromosomes. It is also to be noted that sometimes in the lymphocyte culture in
vitro there were revealed the "tailed" cells at the stage of prophase. In such cells, the "tails"
always represented two parallel chromatin bands.

The data obtained seem to allow the following conclusions to be made. In the
liquidators irradiated with small doses 6-11 years ago, the frequency of the incidence of
lymphocytes with TN is increased. Most likely, this is due to the chromosomal cycles
"breakdown —> fusion —> bridge" occuring in the lymphocytic population. The formation
of the anomaly of interphase nuclei of the "tail" type seems to be due to appearance of
dicentric chromosomes, chromosomal bridges with their subsequent breakdown. The
proposed scheme of the formation of cells with the TN is presented in Fig. 3.
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Fig. 3. The proposed schemes of formation of "tailed" nuclei.
•- centromere, x - telomere

It cannot be ruled out that the nuclear "tails" can include chromatin of the entire
dicentric chromosome rather than a half of the broken dicentric only; this is confirmed by the
data of study on the near-centromere and telomere regions of the chromosomes in the "tails".
For this reason, to designate the nuclear anomalies considered in the current work, the term
"tailed nuclei" rather than "semi-bridge" was chosen. We believe that the TN might become a
convenient marker of radiational effects in radiobiologic investigations.
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