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Abstract

SIX YEARS OF CYTOGENETIC FOLLOW-UP OF UNSTABLE CHROMOSOME
ABERRATIONS IN GOIANIA PATIENTS.

Following the radiological accident which occurred in the city of Goiania (Brazil), in
September of 1987, a cytogenetic follow-up of 16 exposed patients was started, aiming to observe the
mean life time of lymphocytes containing dicentric and ring aberrations. The results suggest that for
the highly exposed individuals (doses above 1 Gy) the disappearance rate of unstable aberrations
follows a two-term exponential function. Up to 470 days after exposure, there is a rapid fall in the
aberration frequency. After 470 days, the disappearance rate is very slow. These results may reflect
different subpopulations of human lymphocytes, with different life spans.

The estimated average half-time of elimination of dicentrics and rings among the highly
exposed group (doses above 1 Gy) was 140 days for the initial period after the exposure (up to 470
days). This value is significantly shorter than the usually accepted value of 3 years reported in the
literature. For the individuals who had received less than 1 Gy the disappearance of aberrations seems
to have occurred in a slower way.

Mean disappearance functions of unstable chromosome aberrations were inferred, to be
applied in accident situations in which there is a blood sampling delay.

1. INTRODUCTION

The persistence of unstable chromosomal aberrations in peripheral lymphocytes have
been used to estimate the life span of human lymphocytes in vivo (Norman et al., 1965;
Buckton et ah, 1967; L Jonard et al., 1988). A lymphocyte containing a dicentric or centric
ring have a probability around 50% of surviving a mitosis (Savage, 1975). Thus the decay in
the frequency of dicentrics and centric rings, measured along the time, can give an estimate of
the intermitotic time of the lymphocytes (the mean time spent in Go).

An extensive cytogenetic follow-up of a group of patients after partial body
radiotherapy, during more than 30 years, lead to the estimate that the lymphocyte mean life
time is 1600 days, with a corresponding half-life of 3 years (Buckton et al., 1967). In such a
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study, the lymphocyte life time was estimated in the period between 1400 and 3400 days after
exposure, despite a rapid fall in the frequency of chromosomal aberrations during the initial
period of the follow-up.

In another study, performed by L Jonard et al. (1988) during 21 years in an individual
irradiated in 1965 with an average whole-body dose of 5 Gy of gamma rays and neutrons, the
mean lymphocyte life time was also estimated to be 1600 days. Nevertheless, the first blood
sample was collected 9 months after the exposure. Recently, Lucas et al. (1992) estimated in
3.8 years the half-life of the lymphocytes of a woman who, in 1985, incorporated tritiated
water, receiving a whole body dose of 0.4 Gy. In another recent study (Michie et al., 1992),
the mean T lymphocyte half-life calculated from their data was 730 days.

In September of 1987, a radiological accident occurred in the city of Goiania (Brazil),
in which a 50.9 TBq (1375 Ci) 137Cs radiotherapy source was broken in pieces, leading to
exposure, internal and external contamination of individuals, as well as environmental
contamination. In order to assess the absorbed radiation doses of individuals involved in the
accident, peripheral blood lymphocytes of more than a hundred persons were scored for
unstable chromosomal aberrations, through the technique of cytogenetic dosimetry (Ramalho
et al., 1988, 1990). Description and details of the accident, medical consequences and clinical
management of the patients are fully described elsewhere (IAEA, 1988; Brandno-Mello et al.,
1991).

During the emergency period of the Goiania accident, a cytogenetic follow-up of some
of the patients (16 in total) was started to observe the disappearance rate of unstable
chromosome aberrations. Blood samples from those 16 patients were recollected and scored
for chromosome aberrations during a period of 6 years. The main objectives of our follow-up
were to study the life span of human lymphocytes and estimate suitable correction factors to
be applied to an observed frequency of chromosomal aberrations, if a delay in blood sampling
has occurred.

2. MATERIAL AND METHODS

Blood samples from 16 patients exposed during the Goiania accident were re-
examined at different sampling times after the exposure (from 30 to 2180 days). From the 16
patients, 9 had received more than about 1 Gy and 7 less than this.

Almost all of them had some levels of internal contamination by 137Cs, as estimated by
colleagues in the Division of Internal Monitoring using radioactivity measurements in urine
and faeces or whole-body counting (Lipsztein et al., 1991). The level of internal
contamination could alter the decay in the frequency of chromosomal aberrations, as it is
known that incorporated Cs distributes uniformly throughout the body, mainly in muscle. Of
the 16 selected patients, 14 had low to moderate degrees of internal contamination, thus their
estimated absorbed doses were due mainly to exposure. We also included 2 patients with high
Cs body burdens to observe this possible effect.

The experimental methodology used for the chromosome analysis during the follow-
up was exactly the same used for the first dose estimates (Ramalho et al., 1988). From each
individual, a 10-mL peripheral blood sample was collected in a heparinized vacutainer. The
erythrocytes were sedimented by centrifugation, and 2 ml of the buffy coat rich in leukocytes
was collected and added to 10 ml of Ham's F-10 medium supplemented with foetal calf serum
(25%) and 0.2 ml of phytohemagglutinin (Murex). The cultures were incubated for 48 h, and
0.04 mg of colchicine (Sigma) was added 2 h before harvest. After hypotonic treatment with
KC1 (0.075 M) for 15 min., the lymphocytes were fixed in methanol-acetic acid (3:1) and
dropped onto clean, cold, wet slides. The slides were stained with aqueous Giemsa stain
solution.
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The number of metaphases scored per sample depended on the observed frequency of
unstable chromosomal aberrations. At the beginning of the follow-up, when the aberration
frequencies were high, 100 to 200 metaphases were enough. Later on, the number was
increased to about 400 to 500 metaphases per sample, as the observed frequencies decreased.

3. RESULTS AND DISCUSSION

The individual data of elimination of dicentrics plus rings show that for the highly
exposed subjects (doses above 1 Gy) there was a rapid fall in the frequency of aberrations
during the first 470 days after exposure, followed by a much slower elimination of
aberrations, almost non-existent. Therefore, for the highly exposed subjects, the disappearance
of unstable aberrations seems to have followed a two-term exponential function, with a short
term (in the initial phase, up to 470 days) and a long term, after 470 days of follow-up. Only
the data of the short term was fitted to a simple exponential function.

The objective of this fitting was to obtain the individual rates of disappearance of
unstable aberrations and, from them, the individual half-times (T 1/2=0.693/6). The mean life
time of lymphocytes with unstable aberrations can be estimated using lib.

In order to evaluate the influence of biological parameters in the half-time of
elimination of lymphocytes bearing unstable aberrations, a multiple regression for
independent variables was performed. The biological parameters tested were sex, age, level of
leukopenia shown during the critical period of the accident, initial frequency of chromosomal
aberrations (represented by coefficient a) and the administration of rHuGm-CSF (recombinant
human granulocyte macrophage colony stimulating factor) during the course of the first month
after exposure. This drug was given as a continuous intravenous infusion in a daily rate of 500
mg.m"2 (Brandno-Mello etal, 1991).

In the present work, leukopenia was considered moderate for lymphocyte counts below
normal but above 2000/mm3 and severe below 2000. Leukopenia occurred during the first
weeks after exposure. At the end of the first month, almost all patients had already recovered
from bone marrow aplasia or hypoplasia and showed normal blood cell counts. None of the
biological parameters showed correlation with the half-times of elimination of unstable
aberrations. The mean half-time of elimination of dicentrics plus rings for the initial period of
the follow-up (up to 470 days) was 140 days for the 9 highly exposed subjects who received
doses higher than about 1 Gy.

We do not have many experimental points from the subjects with doses lower than 1
Gy, thus it was not possible to observe a short term in the data of those subjects, if one exists.
For them, the disappearance of aberrations seems to have occurred in a slower way. For the
less exposed group, the half-lives were not estimated, due to the lack of data in the period in
question.

Two subjects had a high body burden of internal contamination by ' 7Cs. For them, the
initial frequency of aberrations first increased, in reasonable agreement with the estimated
doses due to the internal contamination, as calculated by colleagues. Later on the frequencies
began to fall, following the decorporation of 137Cs.

One of the purposes of the present work was to deduce a correction factor to be
applied in accident cases when there is a delay between exposure and blood sampling. With
this purpose, two situations were considered, as follows:

In the first situation it is suggested a correction function when the delay is not very
long (up to 470 days). As the data for the highly exposed group indicates that there is no
correlation between the half-time of disappearance of aberrations and the initial frequency of
aberrations, we can assume that an individual half-time of elimination of unstable aberrations
is equal to the mean value of 140 d. Therefore, we suggest this mean value of 140 d for the
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half-time, to be applied to a simple exponential function, whenever it is desirable to correct an
observed frequency of aberrations, as long as the elapsed time is known and there is an
approximate idea of the dose received, which must be higher than about 1 Gy. If the dose
received is supposed to be less than 1 Gy, we do not suggest any correction factor, because of
the lack of enough data.

In the second situation it is suggested a correction function when the delay is very
long, superior to 470 days. After this period, the frequencies of unstable aberrations reach a
value approximately constant, corresponding to the long term observed in the highly exposed
patients. In order to observe if there would be a correlation between the final and initial
frequencies of aberrations, for all subjects investigated (low and high doses), a linear
correlation was fitted. The term "final frequency" represents the mean frequency observed
after 470 days, included. The coefficient of correlation (r) between the initial and final
frequencies is 0.87 (p<0.05). We suggest this linear function (Y = ax, where a = 10.02) as the
correction factor for an observed frequency of unstable aberrations, for all ranges of dose,
whenever the elapsed time is longer than 470 days, and up to about 6 years, period of time that
lasted this follow-up. This means that one can simply multiple by 10 an observed frequency of
unstable aberrations to obtain the approximate original one.

The two components (short and long terms) observed in the kinetics of the
disappearance of aberrations may be explained by the existence of different subpopulations of
T lymphocytes, with different life spans. The lifetime of the lymphocyte would be related to
the antigen to which the lymphocyte is specific to respond to (if a rare or common one), since
the lymphocyte will be stimulated to enter mitosis when in contact with the appropriate
antigen. Long-lived lymphocytes would, therefore, be the ones committed with rare antigens.
It is possible that PHA stimulates all the lymphocytes already committed to respond to any
antigen, which would include the short and long-lived ones. It is possible that some
lymphocytes remain in vivo without dividing for the life time of the individual if he is not
exposed again to the particular antigen to which the lymphocyte is specific to. This hypothesis
has already been presented by Buckton et al. (1967) and favours the concept of the
lymphocyte as the immunological memory of the body, because of its potential for very long
survival in vivo.
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