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Abstract 

Stable chromosome aberrations, as translocations, persist over time after genotoxic exposure and then, they may be used for evaluating past exposure and chronic exposure. Quantitative measurements of translocation using fluorescence in situ hybridation (FISH) Whole-chromosome painting method is a valid assay for retrospective biodosimetry. As regards the open question about health risk for military personnel employed in the Balkans, it is often supposed an association with potential genotoxic exposure in this area. In the present study we assessed translocation frequencies by FISH chromosome painting in a cohort of Italian soldiers with past deployments in the Balkan area to investigate a potential past genotoxic exposure in this operating theatre. We selected a sample of 90 subjects known to have engaged in the Balkans in the last five years with two deployments of 4 months or more and 60 control subjects similar to these soldiers for gender, age, place of origin and life-style, particularly with regard to smoker status. In order to study this large number of subjects by FISH translocation analysis, we used home-made probes. Blood samples were analyzed by FISH whole chromosome painting by labelling simultaneously chromosomes 1, 2, 4 in red and 3, 5, 6 in green. This set of chromosome pairs represent the 58,4% of the whole genome. Translocations were scored in 1000 well-spread metaphases and expressed per 100 cells equivalents (CE) per subject. We analyzed if there were significant differences in the mean translocation frequency of Italian soldier in the Balkans and comparison subjects. Preliminary data are reported.

1.0
introduction

It is known that chromosome aberrations are a biological marker of clastogenic exposure and of cancer susceptibility [1-4]. Cancer cells often contain chromosomes with large structural rearrangements, including deletions, duplications, inversion, isochromosomes, ring structures and marker chromosomes, unbalanced and balanced translocations. Balanced translocations are frequently associated with leukemia and lymphomas, with specific translocations linked with specific cancer [5, 6]. These translocations usually represent the single oncogenic change responsible for these cancers as they create mutations that initiate and maintain the cancer cell phenotype. Chromosomes structure rearrangements such as translocations in solid tumors can be recurrent, however the vast majority of structural changes in these contexts appear to be non recurring and random [7]. Moreover, solid tumors often contain numerous translocations, with different cells in the same tumor containing different structural rearrangements and more complex rearrangements suggestive of multiple rounds of chromosome breakage and fusion. Some of these rearrangements have been found to amplify oncogenes or delete copies to tumor suppressor genes, which supports a causative role in tumorigenesis. Although it remains unknown if the majority of these structural rearrangements have a causative role in solid tumors, or if they are merely the result of decreased DNA damage checkpoints, DNA repair pathways, and/or mitotic segregations error [8], a number of observations support the idea that translocations may be the most relevant cytogenetic endpoint for assessing cancer risk. 

Genotoxic agents, such as chemical and physical agents, induce chromosomal aberrations including translocations. In vivo and in vitro studies using mouse models and human blood lymphocytes to determine the persistence of chromosome aberrations following radiation exposure [9-12] have demonstrated that stable chromosome translocations produced by ionizing radiation persist long after exposure. This opens up the possibility of using translocations as a biomarker many years after medical, accidental or occupational exposure [13]. Fluorescence in situ hybridization (FISH) using whole chromosome painting allows the rapid detection of reciprocal and non-reciprocal translocations in addition to dicentrics, rings and fragments [14-18]. Chromosome painting application in human cytogenetic population monitoring [19, 20] has opened new knowledge into the aberration spectrum generated by genotoxic agents in exposed populations [21, 22]. FISH-based translocation assay has the potential to assess acute as well as chronic exposure in cases of accidental and occupational exposure to mutagen, either immediately following exposure, or retrospectively by defining cumulative effects to red bone marrows.

The aim of this study is to assess translocation frequencies by FISH chromosome painting in a cohort of Italian soldiers with past deployments in the Balkan area to investigate a potential past exposure to mutagen substances in this operating theatre. In 2000 the international and national media reported on cases of leukemia among Balkan deployed soldiers or peacekeepers which some attributed to presumed exposure to depleted uranium (DU), originating from DU-containing ammunition used by NATO Forces, leading to great public concern about hazard from depleted uranium [23]. Few epidemiological studies of cancer incidence among UN personnel serving in the Balkan area have been published so far [24-28]. These studies did not demonstrate an increased incidence of all cancers or leukemia among Balkan veterans compared to their national rates for the general population of comparable age and sex. To date, an excess of Hodgkin's lymphoma has been reported only among Italian troops involved in Bosnia and Kosovo [24]. Assessments of dose and risk showed that no negative health effects were to be expected, either from the radiological or from the toxicological properties of depleted uranium, and the short latency from the start of exposure was not consistent with a causative role for depleted uranium [29]. However, it was noted that the follow-up period in these studies was still short compared to the latency time of cancer development in association with ionizing radiation. Moreover, other potential cancer hazards have also been present in the environment in the Balkans, such as organic solvents, lubrificants, and motor exaustus [25].

2.0
rationale of this study

This study arises from the need to evaluate the past exposure to physical and chemical agents in Italian soldiers employed in the Balkans. A search of the literature relevant to the current study showed a significant increase of chromosome aberrations in soldiers employed in Gulf and Balkan wars compared to control subjects [30]. These findings lead us to undertake an investigation into whether or not Italian military subjects that have been engaged in the Balkan area incurred in long term damage.

This study was designed to recruit ninety male soldiers with past deployments in the Balkan area (study group) and 60 male control soldiers never employed in this operating theater. All participants had to follow these inclusion criteria: age ranged from 20 to 45 years; no smokers; birth place (1/3 north, 1/3 center, 1/3 south Italy); about the study group, the employment in the Balkans area have to be occurred in the last five years with at least two missions of 4 months each with at last one carried out 2/3 years ago. In addition to these inclusion criteria, collection of extensive personal information on lifestyle, occupational, and medical history were obtained in order to account for as many confounding factors as possible, which may have a bearing on the results.

To assess cytogenetic damage we decided to perform the two color FISH based chromosomes painting using home-made probes. These probes are specific for chromosomes 1, 2, 4 marked with Cy3 fluorochrome and 3, 5, 6 marked with FITC fluorochrome. This chromosomes combination allows the detection of 58,4% of all the chromosome exchanges, value calculated using the formula for scaling up to full genome that has been published by Lucas et al. [9], Fg=Fp/(2.05fp(1-fp).

The analysis was conducted on intact metaphases where about 46 chromosomes were present and fluorochrome signals of the painted chromosomes were clearly detectable. Translocations were recorded in stable cells only and recorded but not included in final scoring if they were too complicated to score accurately. Aberrations were classified according to PAINT nomenclature of Tucker et al., [18] considering the two-way exchange as two translocation events and one-way exchange as a single event. For the aberration analysis we decided to use, alternatively to the traditional manual scoring, a semiautomatic method by the Metafer4 scanning system. This allowed us to perform a faster analysis of the chromosomes aberrations, leading us to a consistent time saving.

3.0
materials and methods

3.1
Study Population

In the present study we selected, as control population, a sample of 20 healthy male military. The control subjects included have an age-range of 21-47 years, are no smokers, 15% of them are from northern Italy, 45% from central and 40% from southern Italy, all of them  haven’t been engaged in the Balkans area or other operative theatres. The selected participants have to complete an information sheet, consent form and detailed questionnaire that gathered further information relating to their medical, occupational, and life-style history.

3.2
Lymphocyte Cultures

From freshly drawn peripheral blood of each examined individual, classical lymphocyte cultures were set up according to a standard technique and grown for 48h in a 37°C incubator, which is known to produce cells that are primarily in their first mitotic division in vitro.

Each culture consisted of 0.9 ml whole blood, and 10 ml RPMI 1640 including 10% fetal calf serum, 1% phytohemagglutinin (Gibco), 1% penicillin-Steptomycin (Gibco) and 1% L-Glutamin (Gibco).

One hour before harvesting, colcemid (0.1 µg/ml) (Invitrogen) was added to each culture for mitotic block. At least two replicate cultures were prepared for each subject.

Cells were harvested by swelling in 0,075 M KCl, prewarmed at 37°C, then fixed a minimum of three times in 3:1 methanol/glacial acetic acid. In order to optimize the quality of chromosome preparations we used Optichrome (Euroclone). This system allowed us to select the ideal conditions as temperature and humidity for spreading procedure. The slides, with well-spread metaphase cells, were aged at 60°C overnight (ON).

3.3
Probe Preparations

In this study we performed specific labeling of six selected pairs of chromosomes (1, 2, 3, 4, 5, 6) using home-made probes provided by Prof. Rocchi (University of Bari).

The re-amplification of the whole chromosomes probes was performed as recommended by the WGA3 kit (Sigma). The re-amplified DNA was labeled with fluorochromes as suggested by WGA3 kit with some technical modifications. Briefly, 10µl Master mix WGA3 were added to 5µl dNTP (2mM dACG+1,4mM dTTP), 3µl dUTP-Cy3 (FITC) 1mM, 1µl MgCl2 50mM, 3µl WGA DNA polimerasi, 23µl H2O and 100-200 ng of template in order to obtain a final volume of 50µl. The labeling reaction follows this amplification program: 94°C 3', 94°C 15'', 65°C 5', 94°C 15'' for 17 times, 4°C forever.

The product of the reaction was digested using 10 µl DNAasel (diluited 1:1000 from 2U/ µl) and incubated for 2h at 15°C. Digestion was stopped in ice and then 2µl EDTA 0,5 M were added to each sample and warmed up at 65°C for 10'.

The labeled probes were combined with 7 µl of Human COT-1 DNA (1mg/µl). COT-1 DNA is highly enriched with repetitive sequences and has been used to block cross-hybridization of chromosomes painting probes with human repetitive DNA sequences of AluI and KpnI families.

The precipitated probes and Human COT-1 DNA were dissolved in 20 µl of Mix FISH consisting of 50% deionized formamide, 40% dextran-sulfate, 25% H2O and 10% 20xSSC and stored at -20°C.

3.4
Fluorescence In Situ Hybridization

The slides, aged at 60°C ON, were pretreated for 30 min at 37°C with pepsin (0.005% Pepsin/00.1M HCl), then washed at room temperature for 2' in PBS, for 5' in postfissation buffer (PBS 1X/0.05M MgCl2), for 5' in 4% formaldehyde in PBS 1X, dehydrated through three ethanol series (70, 90 and 100%) 5' each, and air-dried. About 12 µl of probe mixture were applied on each slide. Target material and probes were co-denatured at 75°C for 2', then hybridized for 72h at 37°C. After hybridization the slides were rinsed three times for 5' each at 60°C in 0,1X SSC, then counterstained with 4’,6’-diamidino-2-phenylindole.

3.5
Scoring methodology

Well-spread metaphases were considered suitable for scoring if cells appeared to be intact, the centromeres were morphologically detectable and present in all painted chromosomes and the fluorochrome labeling was sufficiently bright to detect exchanges between chromosomes labeled in different colors. All chromosome aberrations were classified according to the Protocol for Aberration Identification and Nomenclature Terminology (PAINT) of Tucker et al. [18]. Approximately 1000 metaphases were evaluated per subject, and transformed in cell equivalents (CEs) by Lucas’s formula. The frequency of translocations per 100 CEs was used as the depended variable in the statistical analyses. Translocation were recorded in stable cells only and were not scored if they occurred in cells containing unstable aberrations as dicentrics, acentrics or rings involving any chromosomes or too complicated to score accurately. Each reciprocal (two-way) exchanges were counted as two separate translocations whereas no reciprocal exchanges were considered as one translocation.

All visible aberration involving the painted chromosomes as aneuploidy (loss or gain of one painted chromosome), deletions and insertions were scored when all chromosomes could be identified.

3.6
Aberration analysis

Microscope analysis for evaluable mitoses was performed using Metafer4 (MetaSystem GmbH, Germany) fluorescence scanning system. The system enables a rapid and fully automated finding and image acquisition of fluorescently stained metaphase spreads. The chromosome aberration analysis was performed interactively from stored digitized processed gallery images, presented on a screen. Appropriate software image filters are available to further improve these pictures by background correction, noise reduction and fluorescence signal enhancement.

4.0
results

As preliminary results of this study 20 healthy male control subjects were analyzed for chromosome translocations. Their age ranged from 21 to 47 years old (mean age of 28.5) and 45% of them were from central Italy, 40% from southern and 15% from northern.

In table 1 are summarized data obtained from the examined population. For each subject we scored about 1,000 metaphases. A total of 20,130 metaphases were scored, corresponding to 11,756 CEs.

We detected 69 translocated cells for a total of 135 translocations, ranging from 0 to 18 translocations for subject. Furthermore, other structural aberrations were scored that include 16 deletions and 2 insertions. About the numerical chromosome aberrations we have observed 89 aneuploidies, many of which were due to the loss of one painted chromosome. For each individual we calculated the aberration frequency per 100 CEs. The translocation frequency ranged from 0.00 to 3.01 per 100 CEs, the deletion frequency ranged from 0.00 to 0.48, the insertion frequency ranged from 0.00 to 0.18 and the aneuploidy frequency ranged from 0.00 to 2.71 per 100 CEs. In figure 1 are shown the type of aberrations scored.

From the analysis of overall translocations we have observed less one-way than two-way translocations; the latter amount to 126 (1.053 translocations per 100 CEs) while the one-way amount to 9 (0.073 per 100 CEs) (figure 2) with a significant statistical difference (p<0.0001) in translocation frequency (figure 3).

We have determined whether translocations frequencies could be associated with age and geographical origin. Figure 4 illustrates the relationship between translocations frequencies and age. An increase of translocations with age is readily apparent, with a translocation frequency of 0.98 in 21-24 age interval, 1.09 in 25-30 age interval and 1.34 in 31-47 age interval. The figure 5 shows the translocations frequencies in associations with age and geographical origin of the subjects analyzed. The translocation frequencies amount to 0.95 for northern Italy, 0.89 for center Italy and 1.10 for southern Italy.  The two 47 years old subjects were excluded from analysis for a better geographical correlation with age. 

To test the goodness of translocation frequencies with the age of the subjects we compared our data with values reported in a previous study by Sigurdson et al. [31]. We have converted the number of two-way translocations as a single event to adapt our data with those of Sigurdson and co-authors. We have observed a good correlation between the data and a χ² of 12.16 for 19 degree of freedom (p=0.88) was observed. The results of this correlation are reported in figure 6. Finally, we also evaluated if the aneuploidy frequencies could be related to age. The results, displayed in figure 7, show an age related increase of aneuploidy frequency with a value of 0.61 for 21-24 age interval, 0.52 for 25-30 age interval and 1.35 for 31-47 age interval.
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Figure 1: Type of chromosome aberrations scored. Two-way translocation (A and B), one-way translocation (C), deletion (D), insertion (E), loss and gain of one chromosome (F and G respectively). In red are painted the chromosomes 1, 2 and 4; in green are painted the chromosome 3, 5, and 6.
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Figure 2: Comparison between stable aberrations that includes: two-way translocations one-way translocations and insertion, and unstable aberrations. 
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Figure 3: Comparison between two-way and one-way translocation frequencies. The difference between the two type of translocations is statistically significant (p<0,0001).
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Figure 4: Translocation frequencies per 100 cell equivalents for the different age intervals.
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Figure 5: Translocation frequencies per 100 cell equivalents by age and geographic region.
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Figure 6: Comparison between the frequencies of traslocations observed in this study and the frequency of translocations reported by by Sigurdson et al., 2008.
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Figure 7: Aneuploidy frequencies per 100 cell equivalents by age.

5.0
discussion

The use of FISH with whole chromosomes probes provides an efficient approach for detecting structural chromosome aberrations in human lymphocytes. This rapid and sensitive technique is an effective tool for quantifying chronic exposure to environmental agents, which may result in an accumulation of cytogenetic damage with age. Chromosome painting offers several distinct advantages over conventional cytogenetic techniques. First of all, the speed of analysis provides the ability to score large numbers of cells, thereby substantially increasing the statistical power that is needed to detect the possible effects that lifestyle and adverse environmental exposure may have on aberration frequencies. Secondly, the resolution of chromosome painting is such that rearrangement that can be detected are either too small or too difficult to resolve by conventional banding techniques. Finally, for routine aberration analysis, personnel require comparatively less training because aberration detection is based on visualizing color changes between painted and unpainted chromosomes. When all these advantages are considered together, it is apparent that chromosome painting enables greater sensitivity towards the detection of environmental influences that may impact human health [32]. The use of chromosome painting has been also criticized because of its limitations, one of which is the inability to detect every chromosome exchange [33]. The fraction of all possible exchanges detected by painting depends on the amount of genome targeted [34]. It has been shown that the quality of the used chromosomes libraries, the choice of paints and the number of differentiated chromosomes within one metaphase are technical endpoints to be considered [35]. In the present study we painted, using home-made probes, chromosomes 1, 2 and 4 in red and chromosomes 3, 5 and 6 in green. This combination of probes gave us the advantage to detect 58,4% of all chromosomes exchanges. Moreover, the use of homemade probes led us to a substantial economic saving compared to the use of commercially available directly labeled probes.

FISH technologies can provide data only from a part of the genome so thousands of metaphases have to be analyzed to reduce the overall uncertainty. To address this issue, an automated system for an efficient detection and recording of fluorescent stained metaphases and their interactive analysis would therefore be highly desirable. In order to facilitate the scoring of the large number of cells needed for this study we decided to use, for the microscope analysis, a semi-automatic scoring system. We performed this analysis using Metafer4 (MetaSystem GmbH, Germany) fluorescence scanning system. This computer-assisted metaphase scoring is a reliable alternative to manual scoring and led us to a considerable time-saving.

This is one of the first studies that wants to evaluate past exposure to genotoxic agents in Italian soldiers with past deployments in the Balkan area using FISH methodology to assess the cytogenetic damage. Here we reported preliminary data obtained from the analysis of the translocation frequencies of 20 healthy male control subjects. Most retrospective in vitro studies on radiation-exposed peripheral blood lymphocytes, and also studies of people accidentally exposed to high radiation doses, show a higher proportion of two-way in comparison to one-way translocations [36, 37]. From our results, we observed that stable aberrations were more frequent than unstable aberrations. In particular two-way translocations were more frequent compared with one-way translocations, with a statistically significant difference (p<0.0001). This result is supported by another work published by Edwards et al. [38]. In this multicenter data review of translocations detected by FISH the authors agreed that, over time, one-way translocations decrease in frequency more rapidly than two-way translocations. 

We have shown that chromosomes translocation frequencies (expressed per 100 CEs) in peripheral blood lymphocytes of these control group increase with increasing age. This observation is in agreement with many other studies, which have reported age as a strong predictor of translocations frequencies  [19, 31, 32, 39-41]. Several age-related mechanism may explain this observation. During the entire lifespan, a variety of adverse conditions cause damage to DNA; they include exposure to external damaging factors and endogenous factors, such as oxidative stress and replication or recombination errors, all these events in combination with a decline in DNA repair efficiency may be related with an increase in chromosomal aberrations. Although the number of samples examined is too small, our data didn't show any differences in translocation frequencies considering the geographical origin of the subjects. In this study, as well as for the stable aberrations, we observed even for the aneuploidy an augmentation with increasing age. This is more evident for the age above 30 years old. Hypoploidy (loss of one or more chromosomes), in contrast to only sporadically observed hyperploidy (gain of a chromosome), is the major cytogenetic manifestation of genomic instability associated with aging in both genders. Zietkiewicz et al. [42], reported a positive correlation of autosomal losses with age, and this was more significant in men over a broad age-range (20-100 years). Other cytogenetic studies consistently indicate that the age-related increase of hypoploidy most frequently concerns X chromosome in females and Y chromosome in males [43-53]. 

We started quite recently with this study and considerable attention and time have been devoted to the design of the study in order to isolate the variable of interest as far as possible and to set up the scoring methodology more convenient for our purpose. We confirmed FISH as a reliable and efficiency approach that greatly facilitated the detection of chromosomes aberrations, and the use of Metafer4 as a really suitable and rapid system of aberration analysis. In summary, here we reported preliminary data regarding the control subjects involved in this study. Despite the small number of subjects analyzed by now, these preliminary results on the frequency of translocations among the control group, are consistent with data from previous study showing that stable cytogenetic damage accumulates with age. In the future, based on the results presented, we will do further investigations to evaluate the cytogenetic findings regarding the control group study, and we will start with the analysis of the study group, in order to evaluate the translocation frequencies in subjects potentially exposed to mutagen substances.
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Table � SEQ "Tabella" \*Arabic �1�: Chromosomes aberrations and relative frequencies observed in the control population analysed.


Sample�
Age�
Geographical origin�
Analysed cells�
Normal cells�
Translocated cells�
Total translocations�
Translocation frequency�
Analysed Cell Equivalent�
Translocation frequency        (CE)�
Translocation frequency         (100 CE)�
Deletion�
Deletion frequency (100 CE)�
Insertion�
Insertion frequency (100 CE)�
Aneuploidy�
Aneuploidy frequency    (100 CE)�
�
TC001�
21�
South�
1,010�
1,006�
3�
5�
0.0050�
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0.01�
0.85�
0�
0.00�
0�
0.00�
1�
0.17�
�
TC002�
23�
Center�
1,020�
1,016�
3�
5�
0.0049�
596�
0.01�
0.84�
1�
0.17�
0�
0.00�
0�
0.00�
�
TC003�
23�
Center�
1,149�
1,145�
3�
7�
0.0061�
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0.01�
1.04�
1�
0.15�
0�
0.00�
0�
0.00�
�
TC004�
24�
North�
1,017�
1,004�
4�
7�
0.0069�
594�
0.01�
1.18�
0�
0.00�
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0.00�
9�
1.52�
�
TC005�
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1,025�
1,014�
3�
6�
0.0059�
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0.01�
1.00�
0�
0.00�
0�
0.00�
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�
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0�
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