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Abstract.  Conventional cytogenetic dosimetry based on chromosome aberration in metaphases is a “gold
standard” of biodosimetry techniques for radiation dose assessment. This method is laborious and time
consuming, the culturing process requires about 48 hours to obtain a satisfactory number of lymphocytes in
mitosis. The current approach to reduce the dose estimation time by cytogenetic dosimetry is the preliminary
estimation of dose counting only 50 metaphases. Another possibility is to reduce the culture time. The
possibility of reduce the culture time under  48 hours adding Calyculin A has been suggested recently. In the
present study we tested shorter times using Calyculin A and considering the G2/M-PCC index as culture quality
indicator. Peripheral blood from healthy individuals was irradiated and then maintained at 37°C for 2 hours
allowing to act the cellular reparation mechanisms, lymphocytes were culture in RPMI 1640 supplemented with
foetal calf serum and phytohemaglutinin. Colcemid was added 24 hours after cultures started and Calyculin A
was added for the last hour. The cells were collected by centrifugation between 30 to 48 hours. The cells were
treated with a hypotonic solution and the fixed cells dropped onto slides.  The slides were stained with Giemsa.
The incidence of metaphases with chromosomes well defined was scored. Two operators participated to the
scoring according the same criteria. The results were analyzed to comparing the G2/M-PCC index relatives to
achieve the shortest culture duration. The culture time reduction to 40 hours gives enough G2/M-PCC cells for
dose estimation analysis. Lower culture times produced very low G2/M-PCC index.
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1. Introduction

Conventional cytogenetic dosimetry based on chromosome aberration in metaphases is a “gold
standard” of biodosimetry techniques for radiation dose assessment but the cytogenetic dosimetry
requires about 48 hours to obtain a sufficient number of lymphocytes in mitosis and some time for
microscope to evaluate the radio induced damage at chromosomes. Induction of chromosome
condensation by Calyculin A is a powerful cytogenetic tool, which provides a high number of spreads
and overcomes problems related to poor in vitro growth or cell-cycle alterations often observed with
high doses. In radiation accidents it is important to know in a short time the dose to people implicated
so in high exposures to help in medical decisions as in very low exposures  to reassuring. A way to
achieve estimations in a minimal time is to score only few ten of cells [1] and later score up to 500
cells. Another approach may be to shortening culture time beginning evaluations before the 48 hours.
Some years ago the premature chromosome condensation (PCC) was develop by fusing human
lymphocytes with CHO mitotic cells , this method allow to analyze the cells in condensed interphase
chromosomes  and not required culture but is complicated and laborious [2]. Gotoh et al. [3]
developed the PCC chemical induced by Calyculin A in 1995 but a culture processes was necessary to
facilitate cyclin B level for phosphatase inhibition for chromosome condensation. This cyclin B level
appears starting from G1 later stage and is not present at the beginning of cell cycle. In this study we
proposed to obtain benefit from Calyculin A in the shortening of culture time to obtain PCC
lymphocytes with chromosomes analyzable in conventional cultures for cytogenetic dosimetry.
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2. Materials and Methods

Human peripheral blood was kindly donated from two healthy volunteer, informed consent were
obtained. The samples of total blood were exposed to 2 Gy gamma radiation in a Theratron Phoenix
Co 60 for radiotherapy equipment, to Kerma in air reference rate of 1 Gy/min at room temperature.
After irradiation the blood was maintained at 37°C for 2 hours allowing acting the cellular reparation
mechanisms, samples no irradiated accompanied all the time the irradiated samples. The blood was
irradiated in order to evaluate quality of spreads.

Lymphocytes cultures were performed as described previously [4].  In brief the lymphocytes were
culture in RPMI 1640 supplemented with fetal calf serum and phytohemaglutinin. Colcemid was
added 24 hours after cultures started in all tubes to prevent cell division and Calyculin A was added to
final concentration 50 nM, for the last hour.  The cultures were harvested by centrifugation at 10
culture times ranging from 30-48 h. The lymphocytes were treated with a hypotonic solution and the
fixed lymphocytes dropped onto slides.  The slides were stained with Giemsa and were observed in a
light microscope (model BHT, Olympus, Tokyo, Japan). The number of G2/M lymphocytes in at least
1000 stimulated nucleus spreads was scored for each culture time. Only lymphocytes with
chromosomes defined and visible centromers were scored. The G2/M premature chromosome index
(%) for each culture time was obtained as follow: G2/M-PCC index as X time / mitotic index at 48
hours * 100.

3.  Results and Discussion

Fig. 1 shows the Giemsa-stained G2/M premature chromosome condensation (G2/M-PCC) relative
index of lymphocytes irradiated and no irradiated cultures from 30 to 46 hours (equivalent to mitotic
index for mitoses). An increased G2/M-PCC relative index related to culture time was observed.

Figure 1. G2/M-PCC relative index of lymphocytes using Calyculin A at different culture time.
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The cultures have shown low PCC lymphocytes frequencies from 30 to 40 hours. In this culture times
most of the lymphocytes looks like G1 or S phase with poor defined centromers. Starting from 40
hours the cultures show enough number of G2/M lymphocytes in cultures with and without Calyculin
A and chromosomes showing a gradual improvement of shape. In conventional cultures without
Calyculin A we obtained in general half of metaphases in regard to PCC cultures (data not shown).



The Fig. 2 shows PCC lymphocytes with good morphology chromosomes at different culture times.

Figure 2. PCC lymphocytes at different culture times: 40 hours (A); 42 hours (B); 44 hours (C); 46
hours (D).

As be expected the chromosome condensation was possible starting from 36 hours, at this time the
stimulated lymphocytes are in S phase and the cells contain a sufficiently high level of cyclin B for
premature chromosome condensation [5]. Several years ago, Kanda et. al. [6] point out the possibility
to induce premature condensed chromosomes in human peripheral lymphocytes without culture or
with short-term culture if adding mitosis promoter substances like Calcium ionophore A23187 and/or
CaCl2. Furthermore, more recently the same group of researchers reduces the culture time only to 6
hours adding PHA, ATP, and p34 /cyclin B (cdc2) kinase and Calyculin A for the last hour but good
quality of chromosomes was obtained rarely [7].

In our study a gradual increased in PCC index was observed in irradiated and no irradiated cultures.
The number of PCC lymphocytes shows a consistent increased from 40 hours in both cultures,
representing a 20% of the total number of metaphases at 48 hours. This was in agreement with results
in cultures with Calyculin [8], where was suggested  making 2 night cultures rather than a complete
48 hours culture. In this study the improvement of the morphology of spreads with the celular cycle
progress in time was obtained. Some authors have shown that morphology and shape of chromosomes
of PCC G2 lymphocytes obtained from in vitro cell culture treated with Calyculin A and mitotic
chromosomes are similar and both of them are useful for cytogenetic analysis [9]. There are in the
literature some examples about the use of Calyculin A in order to improve the quantity and quality of
spreads by PCC induction in various cell systems: rodent cells, human lymphocytes, fibroblast and
tumour cell lines [10, 11]. Here, we  confirmed the advantages of Calyculin A by the culture time
shortening. and to improve the quantity and quality of spreads.

As conclusion, we can propose the use of Calyculin A 50 nM in lymphocytes cultures for shortening
the time of culture up to 40 hours in conventional cytogenetic, which will be very useful in accidents
and radiological emergency where the time is an important factor to medical decisions.
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