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INTRODUCTION 

In modern medicine, it is impossible to imagine diagnostics and 

radiotherapy treatments without equipment that emits various types of 

radiation (X-ray, CT, PET, etc.). Usually, the dose delivered to patients 

during radiotherapy ranges from 1 – 50 Gy [1], while the radiation doses in 

diagnostics are several times lower ranging from 0.3 – 30 mGy [2]. In that 

manner ALARA (As Low As Reasonably Achievable) principle and 

dosimetry are the bases of assuring patients and technicians safety [3,4].  

Recently, the γ-H2AX foci assay is becoming very efficient 

biodosimetry tool which indirectly measures DNA double strand breaks 

(DSBs) through visualization of phosphorylated variants of histones H2AX 

[5,6]. After occurrence of radiation induced DSBs cell machinery starts 

phosphorylation of H2AX Ser-139 residue predominantly mediated by 

ataxia telangiectasia mutated (ATM) protein, while other mechanisms of 

induction DSBs are phosphorylation mediated by ataxia telangiectasia 

related (ATR) protein, or DNA dependent protein kinases [6]. This event is 

a signal for triggering DNA repair system so the γ-H2AX foci assay has 

potential use in detection of DSBs, which can arise from radiation, 

environmental genotoxicants, drugs, and aging, but also for measurement of 

DNA repair kinetics [7,8], and in that manner evaluation of H2AX 

phosphorylation can be used in clinical practice as a marker of premalignant 

lesions and to predict cell sensitivity to radiotherapy and chemotherapy [9]. 

The aim of the present study was to evaluate the possibility of γ-

H2AX foci assay to detect the radiation induced DSBs on human peripheral 

blood lymphocytes in vitro. We have selected doses (2 and 4 Gy) that could 

be used in therapeutic purposes on two volunteers in order to exclude inter-

individual differences in response to radiation exposure. 
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SUBJECTS AND METHODS 

10 mL of peripheral blood was taken from the medial cubital vein of 

two healthy male volunteers (age 25 and 32), that were not exposed to 

radiation, vaccinated or treated with drugs within a year before blood 

sampling, and placed into heparinised vacutainers (Becton Dickinson, 

USA). 

The blood was then irradiated at the Institute of Oncology Ljubljana, 

Slovenia, using X-ray machine Darpac 2000 XE (Gulmay Medical Ltd., 

Shepperton, UK) at 220 kV and 10 mA. Radiation doses of 2 and 4 Gy were 

achieved at time periods of 55.8 and 111 s. Immediately after irradiation, the 

blood samples were placed on ice to stop DNA repair mechanisms. Before 

starting the γ-H2AX foci assay protocol, the samples were incubated at 

37 °C and 5 % CO2 conditions for 30 min to enable phosphorylation of 

H2AX histones. After isolation of lymphocytes using Histopaque, they were 

fixed in 70 % ethanol at 4 °C for 2 h. To remove the ethanol the 

lymphocytes were centrifuged at 4500 rpm for 10 min. Then the FITC 

labelled anti-H2AX mouse antibodies (1:2000 diluted in PBS; Merck 

Millipore, USA) were added to each sample and subsequently the samples 

were incubated on ice in dark for 30 min. The antibodies were then removed 

by centrifugation at 4500 rpm for 3 min and the lymphocytes were 

resuspended in PBS. The FITC signal intensities of individual cells were 

analysed by flow cytometry (FACSCalibur, Becton Dicson, USA) in the 

FL1-H channel. At least 10 000 cells were analysed per sample. 

 

RESULTS  

The results of γ-H2AX foci assay from the first volunteer clearly 

demonstrate the increase in the amount of γ-phosphorylated histone H2AX 

after irradiation of peripheral blood with 4 Gy compared to the un-irradiated 

control sample (Figure 1). The increase in the FITC signal detected using 

flow cytometry is the indirect evidence of existence of DSBs.   

To confirm our results and to test the sensitivity of the method we 

have irradiated the blood from the second volunteer with 2 and 4 Gy. 

Similar observations were made; there was a clear dose-dependent shift in 

FITC intensity in the FL1-H histograms (Figure 2) suggesting that the 

method efficiently measures DSBs in irradiated peripheral blood 

lymphocytes. 
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Figure 1. The FL1-H histograms of the FITC signal of the antibody labelled 

γ-phosphorylated H2AX histones that indirectly represent DNA double 

strand breaks. Line A – non-labelled control; Line B – labelled vehicle 

control; Line C – labelled 4 Gy irradiated blood sample. 

 

 
Figure 2. The FL1-H histograms of the FITC signal of the antibody labelled 

γ-phosphorylated H2AX histones that indirectly represent DNA double 

strand breaks. Line A – non-labelled control; Line B – labelled vehicle 

control; Line C – labelled 2 Gy irradiated blood sample; Line D – labelled 

4 Gy irradiated blood sample. 
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CONCLUSION 

The appearance of γ-H2AX foci assay perhaps represents a new 

chapter in biodosimetry as it is a sensitive and efficient method that detects 

the formation of DSBs. The effects of systematic or localized irradiation can 

easily be monitored by the changes in the genome of human peripheral 

blood lymphocytes that are already established as very sensitive and reliable 

targets of exposure [10,11]. 

Our results suggest that this method efficiently detects disruptions in 

genome of peripheral blood lymphocytes. DSBs are one of the most severe 

lesions that can initiate cell death and could potentially lead to cancer [12]. 

After occurrence of DSBs, the H2AX histone is being phosphorylated 

through several pathways and recruited to the site of DSBs [6]. Therefore 

we can use the appearance of γ-H2AX to visualize the existence of DSBs in 

the cell.  

There was a certain degree of incensement of the amount of γ-H2AX 

in the control, which could represent the basal level of phosphorylated 

H2AX in the cells and/or could have arisen during the procedure. 

Nevertheless after exposure to X-rays, we observed clear dose-dependent 

increase in the γ-H2AX signal thus leading to conclusion that the frequency 

of DSBs increased with the higher doses of radiation. At the same time there 

is practically no difference in response between two donors at the dose of 

4 Gy compared to accompanying control.  

Due to increase in the genomic instability after irradiation exposure, 

which could potentially lead to cancer initiation, the ALARA principle 

should be incorporated into all radiation exposure activities, especially in 

diagnostics. It should be kept in mind to minimize the risk for both patients 

and technicians that are executing the diagnostic and/or treatment 

procedures. In that manner the γ-H2AX foci assay represents a modern 

sensitive, specific, rapid, reliable biodosimetry tool that uses lymphocytes, 

which are an excellent radiation exposure model. All these advantages 

suggest that in the future this method should become a standard technique 

that will allow the insight to the individual amount of DNA damage for each 

patient therefore minimizing negative effects of radiation. 
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In modern medicine, it is impossible to imagine diagnostics and 

treatments without equipment that emit radiation (X-ray, CT, PET, etc.). At 

the same time there is a need to minimize the amount of radiation that the 

patient will gain during such medical examination. In that manner ALARA 

(As Low As Reasonably Achievable) principle and dosimetry are the bases 

of assuring patients safety. The induction of gamma phosphorylated H2AX 

histone is newly developed tool in biodosimetry, which is more sensitive for 

the detection of radiation caused DNA damage than currently used 

micronucleus and comet assay. Gamma phosphorylation of H2AX histone is 

a consequence of DNA double strand breaks and its role is to trigger the 

DNA repair mechanisms. In this study, we tested the effect of 2 and 4 Gy X-

rays on human peripheral blood lymphocytes from two healthy volunteers 

using γ-H2AX foci assay. The FITC signal from labelled antibodies was 

monitored using flow cytometry and clearly demonstrated the difference in 

control samples and irradiated samples. There was also the difference 

between the exposed blood samples from the two volunteers. The results of 

present study reveal new sensitive method that is capable of detecting 

changes in DNA when exposed to different doses of radiation, and thus 

potentially optimizing the ALARA principle. 
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