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Abstract

For biodosimetry laboratories, besides standardized protocols and procedures, dose assessment requires competence testing by interlaboratory comparisons that consist in quality control exercises among partner laboratories. Here we present an intercomparison exercise on the analysis of micronuclei (MN) in the cytokinesis-block micronucleus (CBMN) assay performed in Italy between the Italian Military Biodosimetry laboratory and the Environmental Carcinogenesis Unit laboratory of National Institute for Research on Cancer of Genoa. As an essential prerequisite for radiation dose assessment is to generate a dose-response curve, in this study blood samples of a healthy subject were irradiated with seven increasing doses of X-ray ranging from 0.25 to 4.0 Gy and each of the two laboratories constructed its own dose-effect calibration curve for the yield of CBMN using the linear-quadratic model, Y= c + αD + βD2. Then the technical competence and the quality of the calibration curve were evaluated by determination of the dose prediction accuracy. Each laboratory assessed radiation doses of 10 blind samples of the same subject irradiated at different X-ray doses by calculating frequency of MN observed in 2,000 binucleated cells (classical estimation mode) and in only 200 binucleated cells (proposed triage mode) per sample and then referring these values to own calibration curve. The comparison of the estimated biological doses to the actual physical doses showed a good level of dose prediction accuracy for both laboratories. In the triage mode, scoring only 200 binucleated cells, the estimates were enough accurate at all doses.

1.0
Introduction

The cytokinesis-block micronucleus (CBMN) assay in peripheral blood lymphocytes, measuring micronucleus (MN) in binucleated cells (BNcells), is one of the best standardised and validated technique for dose assessment after radiation exposure [1, 2]. This method has been proposed as an alternative to the dicentric chromosome assay (DCA), the “gold standard” for biodosimetry [3], as MN scoring is much faster and requires less expertise. Micronuclei are not radiation specific and can arise from exposure to various genotoxic agents [2-4]. The main disadvantage of the CBMN assay is the interindividual variability in baseline MN frequency which limits its usefulness to in vivo exposures in excess of 0.2-0.3 Gy X-rays [2, 3]. The MN index in human populations depends on variables as age, sex and life-style factors, particularly smoking habit and environmental exposure [1-6].

The number of radiation-induced MN is strongly correlated with radiation dose and the frequency of MN observed can be converted in absorbed dose by reference to a “in vitro” calibration curve. For low LET radiation, linear-quadratic dose-response functions of the form Y= c+αD+βD2 describe the curves. In the equation, Y represents the yield of MN/BNcells, c the background frequency, D the absorbed dose and the α and β coefficients refer to MN per BNcell per Gy and per Gy2 [2]. Recently, a number of specialised curve-fitting computer programs for cytogenetic markers such as dicentrics, translocations and MN have been developed, like the “Dose Estimate” tools which was developed at the UK Health Protection Agency [7]. A detailed description of the scoring criteria for MN was reported in the HUman MicronNucleus (HUMN) project [8]. However, technical factors and interscorer variability cause inter-laboratory differences in MN evaluation and so any laboratory should establish its own in vitro dose-response calibration curve [2, 9, 10]. 

The role of cytogenetic analyses, such as CBMN assay, for triage in radiation mass casualities is widely recognized  [1, 11]. However large scale radiation accident or terrorist attack involving a wide number of potentially exposed subjects require a reliable and fast dose assessment for triage and medical management of overexposed individuals [12]. Two main strategies were proposed to enhance the capacity of cytogenetic biodosimetry in emergency: a) a triage mode of the cytogenetic assays and b) the establishment of a collaborative laboratory network. 

The triage mode with a reduced number of cells scored allows to maintain the sensitivity to detect clinically relevant dose (≥1.5 Gy). This was first suggested for DCA with scoring of only 50 metaphases [11, 13, 14] that permits an individual dose estimation with an uncertainty of ± 0.5 Gy. This accuracy is sufficient to identify exposed subjects that require clinical treatments and acceptable in an emergency situation [1,14]. A recent study has proposed a triage version also for the CBMN assay where only 200 binucleated cells/subject are suggested to be scored for detecting radiation doses >1 Gy [15]. 

In the establishment of a laboratory network efforts should be focused on validating protocols and criteria of dose assessment methods, so that the results of different laboratories can be reliably combined. 

Many countries have established reference cytogenetic laboratories.  The biodosimetry laboratories have increased their cooperation at the national [16, 17] and international level as the development of a global biodosimetry laboratory network for radiation emergencies (BioDoseNet) promoted by The World Health Organization (WHO) [12, 18]. For biodosimetry laboratories, besides standardized protocols and procedures, dose assessment requires competence testing by interlaboratory comparisons that consist in quality control exercises among partner laboratories. A network of biodosimetry laboratories has to carry out regular intercomparison studies and exercises for sustainable expertise. WHO and International Atomic Energy Agency (IAEA) encourage laboratories to intercomparison studies to ensure skills and to maintain qualified staff [12]. Many cytogenetic intercomparison exercises were performed in biodosimetry laboratories of various countries [13, 19 - 21]. 

In this study we report our experience and results of an intercomparison study based on the CBMN assay in Italy. The exercise involved two laboratories: the Italian Military Biodosimetry laboratory of Army Medical and Veterinary Research Center (CSRSV) and the Environmental Carcinogenesis Unit laboratory of National Institute for Research on Cancer of Genoa (IST). About CBMN assay, the first has recent skills, the second extensive and consolidated expertise. The study is divided in two phases:

1) scoring of slides prepared at CSRSV from the same samples irradiated with seven doses (0.25 to 4.0 Gy) of a male donor to establish own dose-response calibration curve;

2) scoring of slides  prepared at CSRSV from ten blind samples (irradiated with unknown doses) of the same donor to estimate biological dose in triage mode and classical mode using the own calibration  curve generated in the phase1.

The technical competences were tested by evaluating dose prediction accuracy.

2.0
Materials and methods

2.1
Blood Samples Irradiation  

Dose-response curves

Peripheral blood samples from a healthy donor was collected into 8 heparinized vacutainer tubes: 1 was not irradiated and 7 were irradiated at Bundeswehr Institute of Radiobiology (Germany) using single doses of X-rays at 0.25-0.5-0.75-1-2-3-4 Gy. 

Dose prediction

Peripheral blood samples from the same healthy donor for calibration curves was collected into 10 heparinized vacutainer tubes that were irradiated at Bundeswehr Institute of Radiobiology (Germany) at different doses unknown to the two laboratories (blinde samples).

2.2
Peripheral lymphocyte culture 

For CBMN assay, each blood sample was cultured in triplicate in 5ml total volume, adding 300μl of whole blood to RPMI 1640 (Gibco) medium supplemented with 10% fetal calf serum, 1%, L-glutamine and 1% penicillin/streptomycin (Gibco). The cultures were mitotic-stimulated by the addition of 75μl phytohemagglutinin (PHA) (Invitrogen) and then incubated at 37ºC.

After 44 h incubation, 100μl of Cytochalasin B (6μg/ml final, Sigma) were added to block cytokinesis and the cultures were incubated again at 37ºC for additional 28h.

2.3
Cell harvesting

At 72 h the suspensions were transferred in 15ml conical tube and centrifuged 10' at 1,000 RPM. The supernatant was removed leaving 1ml of suspension that was vortexed to resuspend the pellet and than were added 5ml of KCl hypotonic solution (0.075 M) preheat at 37ºC.

Then the samples were treated with 400μl of fresh prefixative (methanol:acetic acid 3:5), resuspended by manual reversal and immediately centrifuged 10' at 1,000 RPM. The supernatant was discharged and the cellular pellets were resuspended in 5ml methanol (cold -20ºC). For three times, all the samples were centrifuged, the supernatant was rimoved and was added fixative (methanol:acetic acid 5:1).

2.4
Slide Preparation And Staining

Finally, 0.5ml of lymphocytes suspension was spotted into clean cold glass slides and dried at room temperature. The slides were stained in 3% Sorensen's buffer-1% Giemsa in distilled water and after drying were mounted with coverslips using Eukitt mounting medium.

2.5
Scoring

The manual scoring was performed in agreement with HUMN project. To generate the calibration curve 4,000 binucleated cells were analysed for each dose point.  For each blind sample 2,000 binucleated cells were scored in conventional mode and 200 binucleated cells in “triage” mode. 

The proliferation index (PI) was calculated as follows:

PI = (number of mononucleated cells + 2 x number of binucleated cells + 3 x number of polynucleated cells)/total number of cells

2.6
Dose Estimate

The doses were carried out using the Dose Estimate software kindly provided from Dr Ainsbury (Health Protection Agency, UK). 

The calibration curves were fitted to a linear-quadratic model: Y= c+αD+βD2. 

The MN frequencies were reported as MN/1,000 BN. 

For blind exercise the frequency of MN was converted to estimated doses using the own dose-effect curve.

2.7
Statistical Analyses

For dose-response curves the comparison of the results obtained by the two laboratories at each dose was performed by Paired t test.

The dose prediction accuracy was evaluated calculating the mean of the absolute differences (MAD) between physical and estimated doses for each of the two laboratories. The variance of estimated doses relative to the actual doses was also calculated for each laboratory. MAD and variance were made at first considering all ten samples and then excluding one dose. Finally, comparison between actual doses and estimated doses was performed by using Spearman’s correlation test. The value of correlation coefficient (rs) ranges from -1 to +1. Positive values indicate the existence of a positive correlation. 

3.0
results

3.1
Dose-response calibration curves

Table 1 shows the frequency of micronuclei in peripheral lymphocytes at 7 increasing doses of X rays from 0.25 to 4 Gy obtained respectively by CSRSV and IST. A dose related increase of the frequency of MN was observed for both laboratories.

Dose-response curves of micronuclei elaborated and described in figure 1, fitted using a linear quadratic equation with the 95% lower confidence limit (95% LCL) and the 95% upper confidence limit (95% UCL) using the Dose Estimate software. The equations obtained were:

CSRSV  Y = 0.0037(±0.0030) + 0.0927(±0.0156)D + 0.0600(±0.0058)D2

IST         Y = 0.0077(±0.0034) + 0.1252(±0.0136)D + 0.0452(±0.0047)D2

The comparison of the results obtained by the two laboratories at each dose was performed by Paired t test that has given P = 0.6698 value which indicate a good agreement between CSRSV and IST.

Table 1: Frequencies of micronuclei of CSRV and IST in peripheral lymphocytes from a healthy subject exposed to seven increased doses of X ray

	Dose (Gy)
	Frequency CSRSV
	Frequency    IST

	0
	0.005±0.002
	0.009±0.003

	0.25
	0.022±0.005
	0.035±0.006

	0.5
	0.051±0.007
	0.073±0.009

	0.75
	0.110±0.010
	0.133±0.012

	1
	0.161±0.013
	0.185±0.014

	2
	0.472±0.022
	0.428±0.021

	3
	0.846±0.029
	0.843±0.029

	4
	1.280±0.036
	1.190±0.034
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Figure 1: Dose-response curves of MN (MN/1,000 BNcells) of CSRSV (red) and IST (blue) obtained by manual scoring

3.2
Radiation dose prediction

In the dose prediction exercise CSRSV and IST assessed radiation dose of 10 blind samples of the same subject irradiated at different X-ray doses by calculating frequency of MN observed in 2,000 BNcells (classical mode) and in only 200 BNcells (triage mode) per sample. For biological doses estimation observed micronucleus yields were referred to the own calibration curve previously constructed. The results of this prediction dose exercise in triage mode and conventional mode are reported in table 2.  For CSRSV when the highest dose = 6.4 Gy is excluded, the MAD of estimated doses changes from 0.34 to 0.21 in triage mode and from 0.37 to 0.22 in conventional mode. For IST the mean of absolute differences is always lower than CSRSV with/without 6.4 Gy in classical and triage approaches. Considering also for MN interval of uncertain of ± 0.5 Gy accepted in triage mode of dicentric assay, in the triage scoring both laboratories have incorrectly estimated only the dose of the blind sample at physical dose = 6.4 Gy. When this dose is excluded, the differences in MAD, variance and incorrect dose estimation are much improved. Eliminating the 6.4 Gy dose can be justified since the samples for the calibration curve only included 4 Gy as the highest dose; consequently dose > 4 Gy may be underestimated.  Not considering sample at 6.4 Gy, MAD and variance values indicate a good prediction dose for all the blind samples. Besides, correlation test between physical doses and estimated doses in triage scoring has given a correlation coefficient rs = 0.985 for CSRSV and rs = 0.988 for IST. In conventional mode the correlation coefficient is rs = 0.997 for CSRSV and rs = 1 for IST. These values indicate a high dose prediction accuracy for the two laboratories in both mode of scoring. For each laboratory all the parameters evaluated show that scoring of 200 BNcells and 2,000 BNcells are comparable. 

Table 2: Results of biological dose estimations of CSRSV and IST based on the analysis of micronuclei in 200 BNcells and 2,000BNcells

	
	Physical dose
	
	
	
	
	
	
	

	
	0
	0.1
	0.7
	1.4
	2
	2.2
	2.6
	3
	4.2
	6.4
	MAD     (Gy)
	MAD w/o 6.4Gy (Gy)
	σ^2
	σ^2 w/o 6.4Gy
	Correlation coefficient
	p-value
	

	CSRSV                      Estimated dose MN/200 BN
	0.0
	0.0
	0.6
	1.6
	2.2
	1.9
	2.3
	2.7
	3.8
	4.9
	0.34
	0.21
	0.28
	0.06
	0.985
	p<0.001

	IST                    Estimated dose MN/200 BN
	0.0
	0.1
	0.6
	1.3
	2.0
	2.6
	3.0
	2.9
	4.6
	5.6
	0.23
	0.17
	0.12
	0.06
	0.988
	p<0.001

	CSRSV             Estimated dose MN/2,000 BN
	0.0
	0.0
	0.6
	1.2
	1.9
	2.0
	2.2
	2.7
	3.6
	4.7
	0.37
	0.22
	0.36
	0.08
	0.997
	p<0.001

	IST                    Estimated dose MN/2,000 BN
	0.0
	0.1
	0.6
	1.3
	2.3
	2.6
	2.8
	3.0
	4.5
	5.5
	0.23
	0.16
	0.12
	0.04
	1.000
	p<0.001


4.0
DISCUSSION

The analysis of micronuclei (MN) in the cytokinesis-block micronucleus (CBMN) assay is a validated and standardised technique that can be used in biodosimetry as an alternative to dicentric assay (DCA), the “gold standard”. Well defined protocols, quality standards and skills are essential for biological dosimetry laboratories. Strategies to increase the throughput of cytogenetic biodosimetry for a rapid and reliable dose assessment in large scale radiological accidents were also suggested as scoring small number of metaphases in DCA [11, 13, 14, 20] or binucleated cells in CBMN assay [15]: the so-called “triage” approach.  Interlaboratory comparison exercises and studies are required to test and to maintain expertise. This is particularly necessary if a national and/or international cooperative network is proposed to respond to mass casualty events [12,16,17]. 

An intercomparison exercise based on CBMN assay was performed in Italy between the Italian Military Biodosimetry Laboratory and the Environmental Carcinogenesis Unit Laboratory of National Institute for Research on Cancer of Genoa using standardized scoring criteria and a triage mode of scoring. The results of triage and conventional scoring modes have shown a good performance in CBMN assay of the two Italian laboratories involved in this exercise. Results obtained by scoring 200 BNcells and 2,000 BNcells are comparable.

A good correlation between physical and estimated dose was observed for both laboratories in conventional mode  (rs 0.997 for CSRSV and rs1 for IST) and triage mode  (rs 0.985 for CSRSV and 0.988 for IST). Considering the error of ± 0.5 Gy applied as for dicentric triage, both laboratories were able to identify all the physical doses except dose at 6.4 Gy  when only 200 BNcells were scored. However, this predicted dose is off even with 2,000 scored BNcells. It’s important to mention that the dose of 6.4 Gy is out of the range of doses considered in the establishment of the calibration curves in both the laboratories. This could explain the lower performance of the exercise for the prediction of this dose. Therefore the dose range in calibration curve needs to be broad enough to encompass all the doses of concern.

This exercise confirms that CBMN assay could provide high throughput for triage purposes requiring less scorer expertise than dicentric assay. The triage CBMN assay with scoring 200 BNcells appears a sensitive and reliable mode of as a first approach in large scale radiological accidents. Furthermore, the good agreement of the results obtained by the two laboratories encourages a mutual cooperation to validate a model for biological dosimetry in emergency. 
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