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Abstract. Biological indicators are used for assessing DNA damage and repair in cells exposed to ionising 
radiation.  DNA Double-strand breaks (DSBs) have been known as one of the most significant lesion producing 
lethal and mutagenic effects in irradiated cells. A new biological marker for DSBs is the presence of γ-H2AX foci 
in cells nucleus after exposure to ionising radiation. γ-H2AX formation was analysed in human lymphocytes. The 
blood was obtained from a same donor in three different occasions and exposed to doses of 0, 0.2 and 0.5 Gy of 
gamma rays with a dose-rate of 1.2 Gy/min. After blood irradiation the lymphocytes were incubated 30 minutes at 
37°C, isolated, fixed with paraformaldehyde, and spread on a microscope slide using a Cytospin. The slides were 
stored at -20°C and immunostained the next day and 14, 16, 27 and 37 days after irradiation to test the influence of 
the storage time on results. The number of foci per cell was scored automatically, in about 200 cells per dose using 
HISTOLAB and CARTOGRAPH softwares. The mean of number of foci/cell for samples was as follow         
0Gy= 0.15±0.04, 0.2 Gy =2.06±0.25 and 0.5 Gy=5.21±0.36 without appreciable effect of the storage time on the 
final results.  Nevertheless some aspects require additional research, particularly the background values of the 
assay. A higher variability of DNA damage was observed for control samples, than for exposed ones. The 
influence of the number of cells scored on this variability should be tested. 
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1. Introduction 

 
Biological indicators of radiation damage have been used during decades to evaluate the dose received 
by people overexposed to ionising radiation during an accident. Analysis of molecular responses based 
on DNA damage and repair processes has been recommended in order to improve the understanding of 
the mechanisms by which low radiation dose induces genetic changes in cells [1]. Several methods have 
been continuously developed and tested to this purpose. Recently, it has been demonstrated that H2AX 
histone is phosphorylated on Ser 139 few minutes after exposure of cells to ionising radiation as a 
response to DNA DSBs formation [2]. The phosphorylation of H2AX can be visualised in cell nuclei 
using a specific antibody marking the lesion as a foci known as γ-H2AX foci [3]. It has been shown that 
γ-H2AX foci formation can be detected after low dose irradiation of human lymphocytes in vitro and in 
vivo and that the response can be detected several hours after irradiation [4, 5, 6]. It has been suggested 
that the technique can be used for evaluate DNA damage on human lymphocytes for dose evaluation 
immediately after an emergency fixing the γ-H2AX signal [5, 6]. Besides of their importance for 
emergency responses the technique has been recommended for studies of radioadaptive response, 
bystander effect, LET effect [7] and radiation sensitivity with special contribution to understanding 
responses and mechanisms by which radiation effects and its repair take place [8].  
 
In the present study we determined the number of DNA DSBs measured as γ-H2AX foci in human 
lymphocytes 1 hour after blood irradiation with gamma rays. Reproducibility of the assay was evaluated 
from samples obtained from a single donor monitored at different occasions. As immunostaining and 
scoring could not be performed the same day of irradiation cells were cryopreserved at -20°C.  
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Immunostaining and scoring process were performed the following day after irradiation and 14, 16, 27 
and 37 days after irradiation. Results obtained are presented in our study. 
 
2. Materials and methods 
 
2.1 Donor and sample collection 
 
One healthy woman, non smoker, 24 years old gives their consent to participate in our study. Blood 
samples were collected by vein puncture in one tube containing lithium heparine. After 
homogenization, 1 ml of blood was irradiated while 1 ml was sham irradiated. 
 
2.2 Irradiation 
 
Samples were irradiated at room temperature (RT) with a 60Co source (γ-rays) at 0.2 and 0.5 Gy at a 
dose rate of 1.2 Gy/min. The experiment was repeated three times in the same conditions.  
 
2.3 Isolation of lymphocytes, γ-H2AX immunostaining and analysis 
 
2.3.1 Isolation of lymphocytes 

 
Cell isolation, immunostaining and analysis were performed according to the protocol described by 
Roch-Lefevre et al [9]. After irradiation 1 ml of RPMI was added to blood samples which were 
incubated at 37°C during 30 min. Immediately after the incubation 1 ml of Histopaque was carefully 
underlayered and centrifugation was done at 1000 g, 5 min at RT. Lymphocytes from the interphase 
were isolated, washed once in PBS, fixed for 1 h in 2% paraformaldehyde at 4°C, washed once with 
erythrocytes lysis buffer and resuspended on PBS. Cells were cytospunned and stored at -20°C until 
immunostaining. 
 
2.3.2 γ-H2AX immunostaining and analysis 

 

Three slides by dose by experiment were stained for scoring. For all experiments one slide by dose 
was stained and evaluated the following day after irradiation. The rest was stained and analysed on 
days 14, 16, 27 and 37 after irradiation.  
 
Cells were washed in PBS 5 min, permeabilized in Triton 0.1% 5 min and washed in PBS again. After 
incubation with 2% PBS BSA during 30 min, RT, cells were incubated with anti-γ-H2AX antibody 
(Upstate) 1:500 for 45 min at 37°C. Slides were washed twice in PBS, and incubated with FITC 
conjugated goat anti-mouse secondary antibody (SIGMA) 1:400 for 45 min at 37°C followed by three 
washes in PBS, 5 min. Slides were mounted with VECTASHIELD mounting medium with 4΄, 6-
diamidino-2-phenylindole (DAPI) (Vector Laboratories).  
 
DAPI and FITC stained cells were captured and analysed using an x63 objective with a fluorescence 
Olympus microscope equipped with a colour digital camera, a motor for z-stack captures and 
HISTOLAB and CARTOGRAPH softwares (Microvision, France). For foci analysis several planes of 
cells were captured at 1-µm intervals and images were obtained by projections of the individual 
sections. Approximately 200 cells were analysed by slide.  
 
2.4 Statistical analysis 
 
To evaluate the reproducibility of the assay, we studied γ-H2AX focus yield variability in human 
lymphocytes from one subject monitored in three different occasions under standardized conditions. 
Mean values and standard deviations were determined for each experiment. Variability was expressed 
as a coefficient of variation calculated from the standard deviation of the mean values of 3 
experiments relative to the overall mean value.  
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3. Results  

 
DSBs induction after 

60
Co exposure 

 
DSBs induction in DNA from human lymphocytes was analysed with γ-H2AX foci 
immunofluorescence technique after 1 h of gamma irradiation. DNA damage increases 14 and 35 
times respect to control values when samples were exposed to 0.2 and 0.5 Gy showing an increase of 
the number of foci/cell with dose. The mean number of foci/cell was 0.15±0.04, 2.06±0.25 and 
5.21±0.36 for non-exposed and treated cells with 0.2 and 0.5 Gy respectively.  
 
The distribution of DNA DSBs on cells is shown on Fig. 1. In control samples, few cells exhibited 
more than 3 foci (9 cells>3 foci in 1235 cells) in contrast to irradiated cells (0.2 Gy: 182 cells >3 foci 
in 615 cells, 0.5 Gy: 994 cells>3 foci in 1231 cells).   
 
Figure 1: Radiation-induced γ-H2AX foci in human lymphocytes. Illustrative images of foci on cells 
exposed to: 0, 0.2 and 0.5 Gy of γ-rays.  
 

 
The increase in the focus diameter (µm) was also observed with the increment of dose. Minimum 
observed size was 0.25 µm for all doses for the different experiments and staining performed. 
Maximum diameter varied between slides for all doses tested, being in the interval 0.59-1.22 µm for 
controls, 1.19-1.47 µm in 0.2 Gy and 1.32-1.50 µm for 0.5 Gy exposed samples. Majority of foci in 
non-exposed samples exhibited a size under 0.8 µm, the value of 1.22 µm was observed in 1 foci in 
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the 1235 cells scored. At the studied doses (0.2 and 0.5 Gy) we checked that focus overlap was not 
significant and could not lead to any bias in focus diameter [9]. 
 
Reproducibility of the assay 

 
For assessing the reproducibility of results, γ-H2AX foci analysis was done with the sample of the 
same donor monitored in three different experiments. Table 1 show the results obtained. A higher 
variability of DNA damage was observed for the control sample, than for exposed ones.  
 
Table 1: Reproducibility of γ-H2AX foci analysis on control and irradiated lymphocytes  
 

Dose (Gy) Number foci/cell Mean±SD(a) CV(%) 
0 0.15±0.04 27 

0.2 2.06±0.25 12 
0.5 5.12±0.36 7 

              (a) Mean of three independent experiments  
 
Influence of the storage time 

 
The same protocol for the staining was applied during the experiments. One slide by dose by 
experiment was stained and evaluated the following day after irradiation and days 14, 16, 27 and 37 
after irradiation. Fig.2 shows values of the number of foci/cell in relation with storage time after 
treatment of samples. We observed that majority of values for each dose evaluated was in the 20% 
interval respect to mean. Our results demonstrate that fixed cells can be stored at -20°C during 37 days 
after irradiation.  
 
Figure 2: DNA damage in non-exposed and irradiated human lymphocytes measured at different 
times after storage of fixed cells at –20°C. (Mean: continuous line; Mean±20%: dashed line)   
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4. Discussion 

 
The introduction of a new method for evaluation of DNA DSBs in irradiated whole blood was 
undertaken in the present study. The method is based on the γ-H2AX foci formation detected by 
immunocytochemistry. The automatic analysis allowed us a rapid detection of DNA damage in 
isolated human lymphocytes in correspondence to the dose after in vitro exposure. 
 
Our results are consistent with those performed with human lymphocytes [4, 5, 9] that demonstrate 
that in vitro exposure of cells to ionising radiation induces the formation of γ-H2AX foci in a dose 
dependent way. In human lymphocytes, a mean number of 10 foci/cell/Gy has been reported for low 
LET radiation exposure 1 h after in vitro irradiation of cells obtained from 53 cancer patients and 4 
healthy donors [5, 9]. Moreover, it has been shown that γ-H2AX foci increases from 5 min after 
irradiation and displayed a constant response over 15-30 min post-exposure [2, 9, 10].  
 
Automatic capture and analysis with HISTOLAB and CARTOGRAPH software enable unbiased 
analytical processing of cells and foci. As previously demonstrated, the automated analysis is 
reproducible and free of the uncertainties linked to manual scoring [11]. The presence of focus with 
different sizes has been reported in irradiated HF19 cells [10] and in unirradiated HCA2 cells [12]. In 
the first study, the authors found that focus size tend to increase with radiation dose. In the second one, 
it was demonstrated that around 0.2% percent of nuclei from control samples had both small and large 
foci. We obtained similar results to those described before. Foci with little and big diameters were 
both scored in control and in exposed samples. Low differences in maximum values of focus 
diameters between experiments were observed for exposed cells. In nonirradiated cells differences in 
foci diameters can be attributed to endogenous DNA damage variability. The increasing of focus size 
with dose has been correlated with an activation of kinases involved in γ-H2AX formation [11]. 
 
A good reproducibility of the assay was observed when results from both control and exposed samples 
were analysed. Our results show that it is possible to evaluate γ-H2AX foci signals in cryopreserved 
samples during 37 days after the treatment without higher differences between results. Conservation of 
samples for further evaluation is of great importance in case of complaint from clients or if any doubts 
or problem with the sample occur during a research study. 
 
5. Conclusion 

 
Results obtained in our study confirm previous findings that gamma-H2AX is a reproducible method 
to assess DNA damage (DSBs) in human lymphocytes 1 hour after blood irradiation. 
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