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ABSTRACT

Background: Gamma-H2AX immunofluorescence assay has gained popularity as a DNA double strand break marker. In this 
work, we have investigated the potential use of gamma H2AX immunofluorescence assay as a biological dosimeter for esti-
mation of dose in our institution. 

Materials and methods: Seven healthy individuals were selected for the study and the blood samples collected from the first 
five individuals were irradiated to low doses (0–10 cGy) and high doses (50–500 cGy) in a telecobalt unit. All the samples 
were processed for gamma-H2AX immunofluorescence assay and the dose-response calibration curves for low and high 
doses were determined. In order to validate the determined dose-response calibration curves, the blood samples obtained 
from the sixth and seventh subjects were delivered a test dose of 7.5 cGy and 250 cGy. In addition, time and cost required to 
complete the assay were also reported.

Results: The goodness of fit (R2) values was found to be 0.9829 and 0.9766 for low and high dose-response calibration 
curves. The time required to perform the gamma-H2AX immunofluorescence assay was found to be 7 hours and 30 minutes 
and the estimated cost per sample was 5000 rupees (~ 60 USD).

Conclusion: Based on this study we conclude that the individual dose-response calibration curves determined with gam-
ma-H2AX immunofluorescence assay for both low and high dose ranges of gamma radiation can be used for biological do-
simetry. Further, the gamma-H2AX immunofluorescence assay can be used as a rapid cost-effective biodosimetric tool for 
institutions with an existing confocal microscope facility.
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Introduction

Biodosimetry is the primary method of ra-
diation dose assessment for nuclear excursion 
events, radiation accidents or occupational over-
exposure events [1, 2]. The investigation of radi-
ation exposure above 0.5 Gy is of utmost impor-
tance due to the manifestation of deterministic 
effects and onset of acute radiation syndrome in 
the event of whole-body exposure [3]. In addi-
tion, to assess the probability of late stochastic 
effects, the measurement of low doses below 10 
cGy is considered vital [4]. Though the current 
gold standard method for biological dosimetry 
is dicentric chromosome assay (DCA), dose esti-
mation with DCA is time consuming (3–4 days) 
and the minimal resolvable dose is limited to 10 
cGy [5, 6]. These limitations call for the devel-
opment of an alternative biological dosimeter 
that would play a vital role in the assessment of 
radiation dose in the absence of physical dosim-
etry and one that will be viable for the rapid dose 
estimation of both low and high dose ranges of 
ionizing radiation [7, 8]. 

In recent years, gamma-H2AX assay has been 
developed as a rapid biomarker to detect the DNA 
damage for low doses below 10 cGy as well as high-
er doses greater than 10 cGy [9, 10]. When ioniz-
ing radiation induces DNA double strand breaks 
(DSBs) in mammalian cells, various global re-
sponse, such as cell death, cell repair and mis-re-
pair which can occur in the cellular level [11]. One 
of the markers for signaling DSBs within the cell is 
the phosphorylation of the gamma-H2AX, a vari-
ant of the H2A protein that is found in the his-
tone core of the DNA [12–14]. The gamma-H2AX 
can be quantified as foci by raising an anti-gam-
ma-H2AX primary antibody followed by fluores-
cent-labelled secondary antibody which can be 
visualized under a fluorescence microscope [15, 
16]. In this work, we have focused on the deter-
mination of dose-response calibration curves for 
both low dose and high dose ranges of gamma 
radiation using immunofluorescence-based gam-
ma H2AX assay and the validation of the same. In 
addition, the essential steps for standardization as 
well as time and cost requirement for establishing 
the gamma-H2AX by immunofluorescence meth-
od as a biological dosimeter have been investigat-
ed and reported.

Materials and methods 

Sample collection
Blood samples of 15 mL were collected from 

seven healthy individuals (4 male and 3 female), 
with ages ranging between 24–35 years, under 
sterile conditions. Consent was obtained prior to 
the blood sample collection and the research work 
was approved by institutional ethics committee. 

Sample segregation
For the determination of dose response curves, 

blood samples obtained from first five individ-
uals were exposed to known radiation doses of 
0, 1, 5, and 10 cGy for low dose response assess-
ment and 50, 100, 200, 300, and 500 cGy for high 
dose response assessment. For the purpose of test 
dose validation, samples obtained from the sixth 
and seventh individual were exposed to 7.5 cGy 
and 250 cGy such that they fell in the low and high 
dose range, respectively.

Set-up for irradiation 
For the determination of dose-response cali-

bration curves, the blood samples were exposed 
to gamma radiation in Theratron  Equinox™ 80 
telecobalt unit (TeamBest®, Ontario, Canada) 
which contains Cobalt-60 radioactive source (aver-
age energy — 1.25 MeV). For determination of low 
dose response calibration curves, samples were ir-
radiated to doses of 0, 1, 5, and 10 cGy, and for high 
dose response calibration curves the samples were 
irradiated to doses of 50, 100, 200, 300 and 500 
cGy, respectively. The temperature during the time 
of irradiation was maintained at 37oC using a tem-
perature-controlled water phantom in order to 
simulate the human body temperature and to al-
low repair during irradiation (Fig. 1). The source to 
surface distance (SSD) was kept at 80 cm for a field 
size of 20 x 20 cm2 at a dose-rate of 1.07 Gy/min. 
The set-up for irradiation is shown in Figure 1. For 
test dose validation, the samples obtained from 
the sixth and seventh individuals were exposed to 
test doses of 7.5 cGy and 250 cGy, respectively. 

Physical dosimetry considerations
As mandated by international atomic energy 

agency (IAEA), prior to determination of calibration 
curves for biodosimetric studies, dose verification us-
ing physical dosimetry was performed using a 0.6 cm3 
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farmer-type ionization chamber and water-equiv-
alent slab phantoms (Physikalisch-Technische 
Werkstatten (PTW), Germany) [2].

Sample preparation
Initially, the peripheral blood mononuclear cells 

(PBMCs) from the whole blood samples were iso-
lated using gradient centrifuge method for which 
the whole-blood sample was gently added over 
Histopaque 1077 (Sigma) in a 1:1 ratio and cen-
trifuged at 1500 rpm for 30 minutes. The buffy 
coat containing the PBMCs which appear be-
tween the Histopaque 1077 and the plasma was 
aspirated as shown in Figure 2A. Later, the PBMCs 
were washed thrice using phosphate-buffered sa-
line (PBS) and stored in micro vials as shown in 
Figure 2B. 

Protocol for immunofluorescent staining 
of gamma-H2AX assay

The gamma-H2AX protocol followed in this 
study was performed as per Chaurasia et al. 

and Redon et al. with slight modifications [17, 18]. 
The 45-minute time interval between irradiation 
and processing of the whole blood in our exper-
iment was kept consistent throughout the entire 
process. This time frame was considered an im-
portant factor as the gamma-H2AX expression in-
creases after 30 min after irradiation and reaches its 
peak at 2 hours followed by a decay process due to 
repair of DNA DSBs [19]. To activate histone phos-
phorylation, the PBMCs were treated with fetal bo-
vine serum and incubated for 30 minutes. The cell 
fixation was carried out by adding the PBMCs with 
2% paraformaldehyde for 15 minutes and washed 
with PBS. Later, the cells were treated with 70% 
ethanol pre-cooled to minus 20ºC for 20 minutes 
and washed with PBS. After wash, the cells were 
treated for antigen retrieval and protein blocking 
with PBS, 0.5% of Tween 20 and 0.1% of Triton X 
100 (PBSTT) and 5% bovine serum albumin (BSA), 
for 30 minutes. The cells were first incubated for 
2 hours using the primary antibody [Rabbit mono-
clonal anti gamma-H2AX antibody (1:500 di-

Figure 1. Setup for blood sample irradiation in Theratron Equinox 80C

Theratron
Equinox™ 80 telecobalt unit

Blood sample in a vacutainer

Temperature maintained 
water bath (37°C)

Figure 2. Segregation of peripheral blood mononuclear cells (PBMCs) after irradiation. A. Appearance of buffy coat consisting 
of PBMCs after gradient centrifuge method; B. PBMC pellet formation after the phosphate-buffered saline (PBS) wash

Plasma

PBMCs

PBS

PBMC pellet

Histopaque 1077

Red blood cells

A B
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lution)] that was added to the cells with PBSTT 
and 1% BSA at room temperature. These cells were 
once again incubated with secondary antibody IgG 
(H+L) Highly Cross-Adsorbed Goat anti-Rabbit 
IgG, Alexa Fluor® 488 (A11034,1:200 dilution in 
1% BSA with PBSTT) for one hour at room tem-
perature followed by nuclear staining by addition 
of 4’,6-diamidino-2-phenylindole (DAPI). An at-
tempt to compare the effect of reducing the incuba-
tion time of primary and secondary antibody was 
also carried out.

Slide preparation
The cells were overlaid on to the microscopic slide 

by performing cytospin at 500 rpm for 5 minutes 
and were mounted with 90% glycerol and a covers-
lip was placed over it. To immobilize the coverslip, 
the corners were sealed with nail polish. A compari-
son of gamma-H2AX foci analysis with and without 
cytospin procedure was also performed.

Imaging and gamma-H2AX foci 
evaluation

Images were captured after the slide preparation 
using the Olympus laser scanning confocal micro-
scope system (spectral version), Olympus FV1000 
with 100 X magnification. The laser lines used 
were 405 nm for DAPI and multi argon laser line 
488 nm for gamma-H2AX for fluorescence imag-
ing. The gamma-H2AX foci were counted using 
“find maxima” plugin available in Fiji software [20]. 
For each dose point, 100 gamma-H2AX foci per 
cells were analyzed.

Time and cost requirement for gamma-
H2AX immunofluorescence assay

To estimate the total time required to perform 
the assay, we noted the time required to perform 
each step while performing gamma H2AX immu-
nofluorescence assay. The cost required to establish 
the same was also investigated and noted.

Statistical analysis
The statistical analysis was carried out using 

the Statistical Package for Social Sciences (SPSS) 
software Version 21.0 (Armonk, NY: IBM Corp). 
For the continuous data, descriptive statistics, such 
as mean ± SD, was calculated. The R2 statistics 
(goodness of fit) for the dose-response curves were 
also computed. 

Results

Determination of dose response 
calibration curves

The gamma-H2AX immunofluorescence assay 
of the irradiated blood samples for five individ-
uals was carried out and the corresponding foci 
per cell image for one of the subjects is depicted 
in Figure 3. It was observed that as the dose in-
creased, the gamma-H2AX foci per cell also in-
creased, representing the elevated levels of DNA 
DSBs. The mean low dose-response curve (low 
dose vs. gamma-H2AX foci per cell) from the ir-
radiated blood samples of the five subjects showed 
a marked increase in foci per cell with increas-
es in the low dose range (0–10 cGy). The good-
ness of fit was performed and the R2 value was 
0.9829, proving that there is a strong correlation 
between low dose and gamma-H2AX foci per cell 
as shown in Figure 4. The mean high dose-re-
sponse curve (high dose vs. gamma-H2AX foci 
per cell) obtained from five subjects also showed 
a dose-dependent increase in gamma-H2AX foci 
per cell (50–500 cGy), and the R2 value was 0.9766 
as shown in Figure 5. The control cells (0 Gy), on 
average, consisted of 1.92 ± 0.49 gamma-H2AX 
foci per cell.

For each individual, the dose and gamma-H2AX 
foci per cell are represented in Table 1 and 2. The data 
show the mean of 100 cells analyzed (± standard 
deviation) per dose point, for each individual for 
the low dose (0–10 cGy) and high dose (50–500 
cGy) range. Table 1 and 2 show a strong correlation 
between foci formation and doses (low and high) 
for all five subjects. From the mean low dose-re-
sponse curve, the mathematical equation comput-
ed using linear fit model is as follows:

y = 0.3271x + 2.0916     (1)

�� � �� � 2.0�16�
0.3271  

 

�� � �� � 6.0��6�
0.0267  

 

� � ��� � ����� � ��𝛽𝛽��� � ����
2𝛽𝛽  

     (2)

where: 
y is the mean gamma-H2AX foci per cell,
x is the dose (cGy),
α coefficient is 0.3271,
Intercept = 2.0916.
Similarly, from the mean dose response curve 

for the high dose range, the equation obtained us-
ing linear fit is as follows:
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y = 0.0267x+ 6.0456     (3)

�� � �� � 2.0�16�
0.3271  

 

�� � �� � 6.0��6�
0.0267  

 

� � ��� � ����� � ��𝛽𝛽��� � ����
2𝛽𝛽  

     (4)

where: 
y is the mean gamma-H2AX foci per cell,
x is the dose (cGy),
α coefficient is 0.0267,
Intercept = 6.0456. 

Test dose validation of the determined 
dose response calibration curves

The validation results of the test dose in the low 
dose range was computed using the equation 2 
and were found to be comparable to those of the ad-
ministered dose with a dose difference of + 1.02 
cGy and + 0.90 cGy for the blood samples obtained 
from subjects 6 and 7 as shown in Table 3. Similarly, 
for high dose, test dose validation was computed 

Figure 3. Radiation induced gamma-H2AX foci for low and high dose ionizing radiation. The green fluorescence (Alex fluor 
488®) indicates the presence of gamma-H2AX at the site of DNA DSBs within the cell nuclei and the blue fluorescence (DAPI) 
represents the cell nuclei
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Figure 4. Mean gamma-H2AX foci per cell for low dose-response calibration curve of five individuals. [(100 cells per dose 
point) × 5 individuals = 500 cells in total per dose point was plotted in this graph]. The error bars represent standard 
deviation. Linear model was fit and the mathematical expression for the same was computed
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Figure 5. Mean gamma-H2AX foci per cell for high dose-response calibration curve of five individuals. [(100 cells per 
dose point) × 5 individuals = 500 cells in total per dose point was plotted in this graph]. The error bars represent standard 
deviation. Linear model was fit and the mathematical expression for the same was computed

y = 0.0267x + 6.0456

R² = 0.9766
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Table 1. Average values of gamma-H2AX foci per cell for low dose range

Dose [cGy]

Donors 0 1 5 10

Gamma-H2AX foci/per 
cell (average of 100 cells 
per dose point)

Individual 1 2.11 ± 1.48 2.64 ± 1.06 3.07 ± 1.72 4.91 ± 1.50

Individual 2 1.56 ± 1.17 3.08 ±1.51 4.48 ± 1.75 5.53 ± 1.77

Individual 3 2.61 ± 1.68 2.67 ± 1.07 3.82 ± 1.94 5.59 ± 2.13

Individual 4 1.33 ± 1.14 2.38 ± 1.71 3.3 ± 1.73 5.18 ± 1.93

Individual 5 1.98 ± 1.29 2.62 ± 1.06 3.32 ± 1.75 5.80 ± 2.22

Mean 1.92 2.68 3.6 5.4

Note: The data show the mean of 100 cells analyzed (± standard deviation), for each individual for the low dose range (0–10 cGy).

Table 2. Average values of gamma-H2AX foci per cell for high dose range

Dose [cGy]

Donors 50 100 200 300 500

Gamma-H2AX 
foci/per cell 
(average of 100 
cells per dose 
point)

Individual 1 8.19 ±1.64 9.85 ± 3.98 12.84 ± 4.09 16.74 ± 4.34 19.27 ± 3.46

Individual 2 8.48 ± 1.57 9.96 ± 2.68 11.31 ± 3.78 15.09 ± 3.90 18.98 ± 2.51

Individual 3 9.03 ± 1.40 8.58 ± 1.76 12.38 ± 2.23 14.29 ± 2.72 18.92 ± 3.40

Individual 4 6.13 ± 2.69 7.41 ± 1.64 12.22 ± 2.89 14.41 ± 2.38 18.14 ± 3.52

Individual 5 6.18 ± 2.43 7.78 ± 2.36 10.5 ± 2.22 15.05 ± 2.94 17.65 ± 3.60

Mean 7.6 8.72 11.85 15.12 18.59

Note: The data show the mean of 100 cells analyzed (± standard deviation), for each individual for the high dose range (50–500 cGy)

Table 3. Estimated dose using the linear mathematical expression derived from the low dose- response curve

Donor Test dose 
[cGy]

Gamma-H2AX foci 
per cell (average 

of 100 cells)

Linear fit mathematical expression 
obtained from the low dose-response 

curve

Estimated dose 
[cGy]

Dose difference 
[cGy]

Individual 6 7.5 4.88 ± 2.45
x = (y-2.0916)/0.3271

8.52 + 1.02

Individual 7 7.5 4.84 ± 2.50 8.40 + 0.90
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using the equation 4 and was found to have a dose 
difference of — 16.50 cGy and — 25.49 cGy as 
shown in Table 4. 

Integrated low and high dose-response 
curve

An effort to integrate the determined low 
and high dose-response curve was carried out. It 
was found that from 0–500 cGy the best fit was 
computed and found to be linear quadratic in na-
ture (Fig. 6) and the corresponding mathematical 
expression is as follows:

y = –5*10–05x2 + 0.0547x + 3.4618     (5)

�� � �� � 2.0�16�
0.3271  

 

�� � �� � 6.0��6�
0.0267  

 

� � ��� � ����� � ��𝛽𝛽��� � ����
2𝛽𝛽       (6)

where:
y is the mean gamma-H2AX foci per cell,
x is the dose (cGy),
α coefficient is 0.0547,
β coefficient is -5*10-5,
Intercept C = 3.4618,
The corresponding R2 value was found to be 

0.9706 and equation 6 was used to estimate the de-

livered test dose. Overlapping of gamma-H2AX 
foci was identified from 10 cGy. Dose estimated 
using linear-quadratic fit showed more uncertain-
ties when compared to dose estimated by the in-
dividualized low and high dose response curves. 
The dose difference, for the low doses were found 
to be + 19.07, + 18.30 cGy and – 53.49, – 60.27 cGy 
for high doses as shown in Table 5. 

Imperative steps in the standardization 
of gamma-H2AX immunofluorescence 

method
The standardization involved two vital steps 

to achieve perceivable image quality on gam-
ma-H2AX foci. At first, the gamma-H2AX as-
say was performed without the use of cytospin, 
and only a few cells could be observed per micro-
scopic view due to non-adherence of cells (Fig. 7A). 
After the inclusion of cytospin centrifugation, 
an evenly distributed monolayer of cells per micro-
scopic view was noted. Two slides (slide A and slide 
B) were loaded with PMBCs in which the slide 
A consisted of 10 µL of PBMCs and slide B con-
sisted of 20 µL of PBMCs in a cytofunnel chamber 
and cytospin centrifuge was performed at 500 rpm 

Figure 6. Mean gamma-H2AX foci per cell for integrated dose-response curve of five individuals. [(100 cells per dose 
point) × 5 individuals = 500 cells in total per dose point was plotted in this graph]. The error bars represent standard 
deviation. Linear-quadratic model was fit and the mathematical expression for the same was computed

y = –5*10–⁰⁵x2 + 0.0547x + 3.4618

R² = 0.9706
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Table 4. Estimated dose using the linear mathematical expression derived from the high dose-response curve

Donor Test dose 
[cGy]

Gamma-H2AX foci 
per cell (average 

of 100 cells)

Linear fit mathematical 
expression obtained from 

the high dose-response curve

Estimated dose 
[cGy]

Dose difference 
[cGy]

Individual 6 250 12.28 ± 2.71
x = (y-6.0456)/0.0267

233.50 –16.50

Individual 7 250 12.04 ± 3.08 224.51 –25.49
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for 5 minutes. It was observed that when 10 µL of 
PBMCs was loaded the cells could be viewed with-
out overlapping and thereby improving the quality 
of image analysis (Fig. 7A–C). Further to improve 
the visualization of gamma-H2AX foci, primary 

antibody and secondary antibody incubation time 
was doubled from 1 hour to 2 hours, and 1/2 hour 
to 1 hour, respectively. Better differentiation of 
gamma-H2AX foci was observed in irradiated cells 
during image analysis as shown in Figure 8.

Table 5. Estimated dose using the linear quadratic mathematical expression derived from the integrated dose-response 
curve

Donor Test dose 
[cGy]

Gamma-H2AX foci cell 
(average of 100 cells)

Linear quadratic mathematical 
expression obtained from the integrated 

dose-response curve

Estimated 
dose [cGy]

Dose 
difference 

[cGy]

Individual 6
7.5 4.88 ± 2.45

�� � �� � 2.0�16�
0.3271  

 

�� � �� � 6.0��6�
0.0267  

 

� � ��� � ����� � ��𝛽𝛽��� � ����
2𝛽𝛽  

26.57 19.07

250 12.28 ± 2.71 196.51 –53.49

Individual 7
7.5 4.84 ± 2.50 25.80 18.30

250 12.04 ± 3.08 189.73 –60.27

Figure 7. A. Irradiated cells without cytospin shows the dispersion of cells with lesser number of cell nuclei per microscopic 
view (cytofunnel chamber loaded with 20 µL of PBMCs); B. Evenly deposited monolayer of irradiated cells after cytospin 
in slide A [cytofunnel chamber loaded with 10 µL of peripheral blood mononuclear cells (PBMCs)]; C. Evenly deposited 
monolayer with excessive amount of overlap and background of irradiated cells after cytospin in slide B (cytofunnel chamber 
loaded with 20 µl of PBMCs)

A B C

Figure 8. A. Poor differentiation of gamma-H2AX foci in irradiated cells was observed after 1-hour primary and 1/2-hour 
secondary antibody incubation; B. Optimal differentiation of gamma-H2AX foci was observed in irradiated cells after 2-hour 
primary and 1-hour secondary antibody incubation

A B



Reports of Practical Oncology and Radiotherapy 2024, vol. 29, no. 2

https://journals.viamedica.pl/rpor172

Time and cost requirement 
for gamma-H2AX immunofluorescence 

assay
The time required and the expenses incurred 

to complete gamma-H2AX assay is tabulated 
as shown in Table 6. It was observed that total 
time required to complete the assay is 7 hours 
and 30 minutes. A total cost of 1,20,602 ru-
pees (~1468 USD) was expended to establish 
the  gamma-H2AX immunofluorescence meth-
od. The confocal laser scanning microscope 
and the cytospin was already available in our in-
stitution and the expended cost was calculated 
based on usage per hour. An approximate amount 
of 5000 rupees (~60 USD) per sample would be 
required for immunofluorescence-based gam-
ma-H2AX analysis which includes the man pow-
er and microscopy usage.

Discussion

As gamma-H2AX biomarker has been found 
to be an effective indicator for tracking DNA 
DSBs [21], we have investigated the potential use 
of gamma-H2AX assay as a biological dosimeter 
by determining the dose-response curve for low 
and high doses followed by test dose verification. 
Additionally, an integrated dose-response curve, 
combining the low and high dose-response curves 
was also determined.

In our work, the time frame of processing sam-
ples and to eliminate the influence of repair which 
would have led to reduction in foci numbers, a time 
interval of 2 hours between the time of irradiation 
to sample processing was maintained constant 
throughout the entire research work [7]. The gam-
ma-H2AX foci per cell in the PBMC control cells 

Table 6. Time and cost required to complete each step involved in gamma-H2AX immunofluorescence assay

S. No Steps involved Time for completion 
of each step Notes Items of cost in rupees

1 PBMC isolation 30 minutes Gradient centrifuge method 100 mL of histopaque — 3000/–

2 PBS wash 5 minutes 3100 rpm for 5 min. 0/–

3 Activation of histone 
phosphorylation 30 minutes Activated using FBS 500 mL — 52,170/–

4 PBS wash 5 minutes 3100 rpm for 5 min 0/–

5 Cell fixation 15 minutes Section: 2.6 1 gram of paraformaldehyde: 
14,141/–

6 PBS wash 5 minutes 3100 rpm for 5 min 0/–

7 Antigen retrieval and protein 
blocking 30 minutes Section: 2.6 10,367/–

8 PBS wash 5 minutes 3100 rpm for 5 min 0/–

9 Primary antibody incubation 120 minutes Section: 2.6 20 microlitre — 13,189/-

10 PBS wash 5 minutes 3100 rpm for 5 min 0/–

11 Secondary antibody 
incubation 60 minutes Section: 2.6 1 mg — 26,135/–

12 Nuclear Staining using DAPI  5 minutes Section: 2.6 10 mg — 3000/–

13 Cytospin 10 minutes
5 minutes for loading cells in 

cytofunnel chamber + 5 minutes 
for cytospin at 500 rpm

300/– per sample

14 Microscopy 30 minutes
Gamma-H2AX foci captured 

using confocal laser scanning 
microscope

1000/– per hour

15 Image analysis 60 minutes Software used: Fiji Open source freely available 
on online

Total time and cost for 
establishment of lab

7 hours and 30 
minutes 1,20,602/–

PBMC — peripheral blood mononuclear cells; PBS — phosphate-buffered saline; FBS — fetal bovine serum. DAPI — 4’,6-diamidino-2-phenylindole
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(0 Gy) were found to be 1.92 ± 0.49, on average, ob-
tained from five individuals. Our results were com-
parable to the data published by Parris et al., where 
they measured 2.13 foci per cell in control cells in 
MRC5-SV1 cells without using extended depth of 
focus [22]. The measurement of DNA damage in 
control cells plays a significant role during the ini-
tial standardization process as it represents the sat-
isfactory preparation condition for analysis of gam-
maH2AX foci per cell. 

The dose-response curves (dose vs gam-
ma-H2AX foci) determined for low and high 
dose radiation had a good correlation with dose, 
where the goodness of fit R2 values were found to 
be 0.9829 and 0.9766, respectively. This proves that 
with an increase in radiation dose, higher number 
of DNA DSBs and, thereby, a proportional increase 
in the number of gamma-H2AX foci can be ob-
served [7, 23]. Grudzensk et al. performed gam-
ma-H2AX assay in human fibroblasts for low doses 
and found that elevated levels of gamma-H2AX 
were identified with increase in low levels of radi-
ation [24]. Moquet et al. exposed the human lym-
phocytes to high doses 0.2 to 4.3 Gy and found 
that gamma-H2AX assay had a strong correlation 
with high doses of radiation [9]. Based on our data, 
it was found that this assay could be suitable to esti-
mate doses and evaluate the DNA DSBs in both low 
and high dose ranges. 

From our observation, it was noted that at dos-
es higher than 10 cGy, gamma-H2AX foci den-
sity increased due to the overlapping effect with 
the nearby foci. This overlapping effect could be 
clearly understood from the integrated dose re-
sponse curve (Fig. 6) where one could observe 
that gamma-H2AX foci per cell follows a linear 
trend from 0 to 10 cGy beyond which the curve 
bends downward between 10 and 50 cGy and re-
sumes the linear trend in the range 50 to 500 cGy. 
The overlapping of the gamma-H2AX foci at doses 
of 1 Gy induced by alpha radiation was observed by 
Abu Shqair et al. [25].

 For the test doses, the doses estimated using in-
dividual calibration curves were accurate as com-
pared to the doses estimated using the integrated 
linear quadratic dose-response curve. This empha-
sizes the need to have individual dose-response 
calibration curves for both low and high doses of 
ionizing radiation. From our study the time re-

quired to estimate dose with the gamma-H2AX as-
say was found to be 7 hours and 30 minutes while 
the time required using the “gold standard” DCA 
was about 3–4 days as reported in literature [5, 
6]. Hence, we find that the gamma-H2AX immu-
nofluorescence method could be used as a rapid 
biodosimetric tool. This study validates the use of 
gamma H2AX for acute exposure and this calibra-
tion model cannot be used for chronic exposures 
as the effect of repair would affect the foci counts. 
Further considerations on the determination of 
the dose-response curves for different time points 
beyond the two-hour time period maintained 
in this study, have to be experimentally studied 
and analysed as gamma H2AX experiences fading 
due to dephosphorylation (10). Redon et al. used 
the gamma H2X assay to determine dose response 
curves using animal models (rhesus macaque 
(Macaca mulatta) model) [26]. Further validation 
of our calibration data with animal models could 
be an intermediate step prior to clinical use.

Conclusion

In this research work, we have determined 
and validated the dose-response calibration curves 
using gamma-H2AX immunofluorescence assay. 
Based on our findings, we infer that the individ-
ual dose-response calibration curves for both low 
and high dose ranges of gamma radiation can be 
used for biological dosimetry. Further, the short 
time required to complete the gamma-H2AX im-
munofluorescence assay proves that it can be used 
as a rapid biodosimetric tool for cost-effective dose 
estimation in institutions with an existing confo-
cal microscope facility. 
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