EXPERIMENTAL GENETICS

PERSISTENCE OF RADIATION INJURIES TO CHROMOSOMES
IN GENERATIONS OF IRRADIATED HUMAN DIPLOID CELLS
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The preservation of radiation injuries to chromosomes was studied during cultivation of irra-
diated human diploid cells. In the first subculture after irradiation the number of cells with
chromosomal aberrations was 2.5 times greater than in the control culture. After two sub-
cultures of the irradiated strain, on the eighth day after irradiation, cells bearing unstable
chromosomal aberrations and tetraploid cells induced by irradiation disappeared from the
population.

The study of injuries to genetic structures in irradiated cells and the fate of cells carrying these in-
juries is of considerable interest.

Investigation of circulating blood cells of irradiated persons has revealed chromosomal aberrations
many months or years after irradiation [4, 7-11, 16, 17]. However, these investigators have not under-
taken successive observations on chromosomal changes inthe course of several cell generations after
irradiation.

The investigation of this problem is facilitated by the use of cells of human diploid strains, which
preserve their diploid karyotype and their initial properties for 50 + 10 subcultures.

EXPERIMENTAL METHOD

Cells of diploid strains obtained from the lungs of 3-5-month human embryos in the Laboratory of
Diploid Cells of the Institute were used in the investigation. Cells were grown on Eagle's medium with the
addition of 0.5% lactalbumin hydrolysate solution (30%) and calf serum (10%).

The cells were irradiated 48 h after seeding on a type RUP-200 apparatus under the following condi-
tions: 210 kV, 15 mA, 23.5 R/min; focus distance 60 cm. Filters: Al 0.75 mm and Cu 0.5 mm. Dose 50 R.

Chromosomal aberrations were counted in the metaphase stage. Specimens for cytogenetic analysis
were prepared in the usual manner [15]. Cytogenetic analysis was carried out on cells of the first and
second subcultures after irradiation. The first subculture after irradiation took place at two different
times: 24 h after irradiation, before the first postradiation mitotic cycle was complete [2], and 4 days after
irradiation. Cells were fixed 48 h after subculture, i.e., 3 and 6 days, respectively, after irradiation.

The second subculture of the irradiated cells took place 5 days after the first, i.e., 6 days after irradia-
tion, and these cells also were fixed 48 h after subculture (8 days after irradiation). Intravital staining of
the cells was carried out by addition of an equal volume of 0.1% trypan blue solution to the cell suspension
[6]. The ¢ method and Student's distribution were used for statistical analysis of the results [5]. Each
test was repeated 3-5 times. No statistically significant difference was found between the results of identi-
cal tests, so that aggregated data are given in this paper.
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TABLE 1. Quality and Types of Chromosomal Aberrations in Human Diploid Cells in the First and Second

Subcultures after Irradiation

1436

(% u1)

si1e3 prord
©1193 JO *ON

.§- without frag-
mentaticn |_mentation
% l abs.| %

!abs.'

0.

asymmetrical chromosomal
translocations (dicentrics)

with fra

chromosomal de-
%

isochromatid and
letions

abs.

Types of chromosomal aberrations

0

0

chromatid
translocations

abs. ‘

el

hromatid
deletions

abs.l

chromosomal aber- €
%

Total number of
rations

abs.

Number of
cellswith

chromoso-
mal aber-

rations

o
Ka)
<

patpnis
S[190 Jo *ON

(shep
u1) uoneipes
-1T191je 2]

3
6
8

Control

uoneTper

-11 1934® I3
| -1nogns jo ‘oN

1 (Control

2
2

1
1

EXPERIMENTAL RESULTS

The number of cells with chromosomal aberrations in the first sub-
culture 3 and 6 days after irradiation was approximately the same,
namely 8.0-8.5%, compared with 3.2% of aberrant cells in the control cul-
ture. The difference is statistically significant (P >0,999; Table 1).
However, differences were found in the spectrum of chromosomal aberra-
tions found at these times. In cells fixed 6 days after irradiation the
number of terminal chromatid deletions was reduced, and there was a cor-
responding increase in the number of isochromatid and chromosomal de-
letions, predominantly chromosomal.

In the second subculture after irradiation the number of cells with
chromosomal aberrations in the irradiated culture did not exceed the
control figure. The spectrum of chromosomal aberrations in the irra-
diated cells likewise was similar to that in the control cells.

The increase in the number of tetraploid cells to 4.3% compared
with 2.3% in the control was observed in culture 3 days after irradiation
(Table 1). At other times their numbers in the irradiated and control cul-
tures were the same.

By using the method of intravital staining of the cells, the number
of living and dead cells in the control and irradiated cultures was deter-
mined after each subculture. Counts showed that at the first subculture
24 h after irradiation the number of dying cells in the irradiated culture
averaged 36.8% compared with 5.1% in the control. At the first subculture
4 days after irradiation the number of dead cells in the irradiated and
control cultures was 44.0 and 10.8% respectively, while at the second sub-
culture, 6 days after irradiation, the number of dead cellsinthe irradiated
culture was 26.5% and in the control 8.3%.

The results of this investigation indicate that human diploid cells
containing chromosomal aberrations, as well as tetraploid cells induced
by irradiation disappear from the population after two subcultures of the
irradiated culture. This conclusion was confirmed by counting the num-
ber of dead cells after irradiation, showing that after the first subculture
up to 44% of the irradiated cells had died compared with 10.8% of dead
cells in the control culture.

The fate of some of these aberrations can be determined by analysis
of the types of chromosomal abberrations in the cells at different times
after irradiation. A decrease in the number of chromatid deletions and a
parallel increase in the number of aberrations of the isochromatid and
chromosomal deletion types in the cells 6 days after irradiation compared
with cells at the previous time of fixation indicates reduplication of the
acentric fragments. These fragments may be taken up in anaphase and,
together with the separating chromosomes, they may enter the daughter
nucleus [3], although most (about 70% of acentric fragments) are lost
during the first postradiation mitosis [19].

The equal numbers of dicentrics with fragments 3 and 6 days after
irradiation may be explained on the assumption that the cells carrying
these injuries had not divided by the end of that period and were in the
first postradiation mitosis. Cells containing dicentrics with fragments
and chromatid translocations had disappeared completelyfrom the popula-
tion 8 days after irradiation. The number of residual aberrations was
reduced to the control level.



A decrease in the number of aberrant cells in the irradiated culture tooclosetothe control level was
discovered by the study of cultures of human circulating blood leukocytes for 120 h after irradiation in
vitro by v rays in a dose of 100 R [1].

However, when the leukocytes of irradiated persons were investigated at various times after irradia-
tion, a variety of changes was found among the chromosomes, such as dicentrics, rings, paired fragments
(called "unstable aberrations" by Buckton et al. [11]), and also "stable changes" (to use these workers' ter-
minology) in chromosomes: symmetrical translocations of chromosomes and pseudodiploid cells, which
are much less common [7~-11, 16, 17]. It is interesting to examine these findings in the light of recent
studies of the life span of human lymphocytes. A hypothesis which has recently attracted great attention is
that of Fitzgerald, which he put forward on the basis of the foliowing facts [13, 14]. Unstable chromosomal
aberrations are lost after one or several cell divisions. Their discovery in human leukocytes several
months or years after irradiation must therefore indicate that the cells carrying these aberrations have
not divided during that period, i.e., that they are long-living cells retaining their ability to divide.

Subsequent studies of the life span of human lymphocytes have shown that they can in fact be preserved
in vivo without division for 530-1574, or even for as long as 6743 days, although along with these lympho-
cytes there are others whose life span is only a few days [12, 18, 19]. It is thus obvious that in the body of
irradiated persons cells carrying unstable aberrations may persist for a long time whereas these aberra-
tions do not survive in dividing blood celis. Stable chromosomal aberrations can persist for a longer time
in dividing cells, since there is no loss of genetic material through the formation of these aberrations.

Cells containing these changes do not die after division because of disturbance of the gene balance.

Treatment of lymphocytes with phytohemagglutinin or their cultivation in vitro stimulates their divi-
sion. Elimination of cells with unstable chromosomal aberrations thus takes place more rapidly in vitro.
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