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Abstract

- This study investigated the chromosomal damage in normal human fibroblast cells (AG1522)
and peripheral blood lymphocytes that were exposed to 70 MeV protons of different doses. After
irradiation, cells were incubated at 37°C for 2h, 48h, 5d and 18d allowing repair of any DNA
damage then chromosome aberrations were assayed. Our results indicated that at 2h after proton the
frequency of aneuploid AG1522 cells increased with dose, but the frequency of chromosome
aberration for both irradiated AG1522 and human lymphocyte cells were lower than 0.1, 1ndlcat1ng
that some cells directly died from DNA damage.

Keywords: proton radiation, chromosome aberrations

1. Introduction

Manned space missions increased recently in number and duration, thus it becomes important
to estimate the biological risks encountered by astronauts who are exposed to cosmic and galactic
rays, a complex mixture of different radiations in which energetic protons is predominant [1]. The
present study measured chromosomal damage and chromosomal transmission of human
lymphocyte cells and normal human fibroblast cells that were irradiated with energetic protons, and
the difference of DNA damage between these different cells was investigated.

2. Materials and methods :
2.1 Cell culture, irradiation and chromosome preparatlon '

Whole blood was collected from healthy volunteers using heparinized vacutainer tubes and
pipetted into irradiation chambers. Proton irradiation was performed at NIRS in Chiba, Japan. The
energy of proton was 70MeV. After irradiation, whole blood sample was allowed to repair at 37°C
for 2h. Culture containing 0.5ml whole blood, 4.5ml Minimum Essential Medium Eagle medium
supplemented with 10% foetal calf serum, 1.8% PHA (Invitrogen), 1% glutamine and antibiotics
were established and kept at 37°C in a humidified atmosphere of 5% COx in air for a further culture
time of 48h and 52h. Colcemid was added 3 h before harvesting, and metaphase cells were collected
by a standard procedure including the treatment with hypotonic KC1 (75 mM) for 20 min at 37°C,.
followed by fixation in methanol and acetic acid (3:1), dropped onto glass microscope slides and
then stained with Giémsa for chromosome analysis.

On the other hand, Normal human fibroblast cells, AG1522, were grown in Minimum Essential
Medium Eagle medium supplemented with 10% foetal calf serum, 1% glutamine and antibiotics,
and then irradiated in its exponential growth phase. At 2h, 45h, 5d and 18d after proton irradiation,
metephase chromosome spread were prepared.

2.2 Chromosome Analysis ‘ -

All slides analyzed in this study were coded and scored blind by a single person. The number
of cells scored for each irradiated sample varied from 100 to over 200. Chromosome damage was
assessed in cells where the chromosomes were well spread, using standard scoring criteria [2].
Chromosome aberrations were classified as chromosomal-type aberrations (dicentrics, ring
chromosomes and Acentric fragments) or chromatid-type aberrations (chromatid exchanges and
chromatid bréaks). The ratio of CA to the total number of analyzed cells was calculated. The
changes of chromosome number were measured by metaphase chromosome counts, including
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near-diploid, polyploidy, haploid and near-haploid.

3. Results and Discuss
3.1 Numerical chromosome abnormalities

Figure 1 illustrates that, at 2h after irradiation, the frequency of aneuploid (mainly hypodiploid)
AG1522 cells increased with dose, and the frequency of diploid cells had a tendency of decrease
with dose, suggesting that chromosome non-disjunction and loss could be induced shortly after

irradiation [3,4]. When the irradiated cells were further cultured for few days, the cell number in
diploid could be recovered partly.
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Fig. 1. Changes of chromosome number of irradiated AG1522 cells at different
post-time of proton irradiation.

3.2 Chromosome breakage and structural rearrangements

Chromosomal aberrations (CA) including chromatid break, chromatid exchange, dicentrics,
centric rings and acentrics fragments were measured in metaphase of AG1522 and human
lymphocyte cells. The ratio of CA to the total number of analyzed cells was summed over all
sampling times after proton irradiation (Fig. 2). At 2h after irradiation, AG1522 and human
lymphocyte cells irradiated with a high dose of proton clearly yielded a lower CA frequency which
had a maximum value at 1Gy, then decreased at high dose of 2Gy and 4Gy, suggesting a
dose-dependent ablation of lethally damaged cells. This may because cells under high dose
irradiation have lethal aberration and die directly, and only the cells lightly damage can grow and
enter into M-phase and produce measureable CA. However, these results are not in consistent with
the report of reference [5].
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Fig.2. Chromosome aberrations of- AG1522 cells and human lymphocytes at 2h
post-proton irradiation



In addition, CA transmission in the descendents of irradiated cells at 45h, 5d and 18d post
proton irradiation was investigated and its time-course was illustrated in Fig.3. It can be seen that
the chromosome aberration had highest value at 45h post-irradiation and then decreased with
culture time. This may because at 2 h post-IR, most of the irradiated cells are still under cell-cycle
block and then have a lower frequency of CA. After 45h post-IR, the cells could release from cycle
arrest and this enhances CA induction [5]. But when the irradiated cells were cultured continually,
some cells carrying unstable aberrations die so that the frequency of CA declines rather rapidly.
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Fig.3 Chromosome aberrations of AG1522 cells in different time post proton jrradiation

4. Conclusions
1) Shortly after proton irradiation, the frequency of aneuploid AG1522 cells increases with dose.
Chromosome non-disjunction is dose-dependent and time-dependent.

2) The frequency of metaphase CA is dependent on both irradiation dose and the time
post-irradiation.
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