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People living in high background radiation areas (HBRAs) possibly develop the
radioadaptive response (RAR) phenomenon. The Mamuju area in West Sulawesi
Indonesia is known as an HBRA in Indonesia due to its high natural uranium
contents. It is possible that RAR has developed in Mamuju inhabitants. To prove
this hypothesis, here in this study, evaluation of the individual radiosensitivity in the
inhabitants of Takandeang Village, Mamuju, was conducted using G2 micronucleus
(MN) assay. Association between blood groups and TP53 Arg72Pro polymorphism
with individual radiosensitivity was also evaluated in this study. Using G2 MN
assay, we assessed the individual radiosensitivity of Takandeang Village inhabitants
and control samples. For each sample, three parameters were calculated.
The spontaneous (baseline) MN number, MN number after 0.5 Gy in vitro
irradiation, and radiation-induced MN were calculated to predict the individual
radiosensitivity. The radiation-induced MN was deﬁned by subtracting the
spontaneous MN number from the MN number after irradiation. The mean and SD
of the number of micronuclei induced by radiation found in control group (CG)
was set as the cutoff value to determine the individual radiosensitivity in all
samples. The occurrence of a radiation-induced MN value higher than the
mean CG + 1SD CG was scored as 1, indicating a milder radiosensitive phenotype,
whereas a result higher than the mean CG + 2SD CG was scored as 2, and indicated
a more severe radiosensitive phenotype. When the individual value was lower than
the mean CG + 1SD CG, a score of 0 was attributed to the tested subject.
The results showed that four individuals in Takandeang Village inhabitants had a
milder radiosensitive phenotype, while the others were categorized as normal
radiosensitive. A similar finding was also found in control samples. Our study failed
to find any correlation between radiosensitivity and either blood group or the TP53
Arg72Pro polymorphism. Overall, our study revealed the possibility of RAR
phenomena in Takandeang Village inhabitants. Further investigation using a
different point of radiation dose value and larger sample number should be
performed to validate this study results.
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INTRODUCTION
People living in high background radiation
areas (HBRAs) received radiation doses much
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higher than the worldwide average background dose
for a human being (2.4 mSv/y) [1]. Several areas
such as Ramsar in Iran and Kerala (India) are
considered as HBRAs because the level of natural
background radiation in these areas can reach
10 - 100 times the worldwide average background
dose [2,3]. The Mamuju area in West Sulawesi,
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Indonesia, is also known for its high radiation dose
rates due to the Naturally Occurring Radioactive
Material (NORM), especially the natural uranium
contents. The average uranium concentration in
Mamuju is 25 ppm eU, while the average abundance
in the Earth’s crust is about 3 ppm eU. Six areas in
Mamuju are considered as anomaly areas because
they have background radiation dose rates of more
than 400 nSv/h. These areas are Ahu, Takandeang,
Botteng, Pengasaan, Tande-Tande, and Mamunyu.
Three areas (Tande-Tande, Takandeang, and
Botteng) are used for settlement, while Ahu,
Pengasaan, and Mamunyu only consist of forest
and weeds [4].
Our previous study that evaluated the
expression of γ-H2AX foci, micronucleus, and
comet tail as markers of deoxyribonucleic acid
(DNA) damage revealed that the means of γ-H2AX
foci, micronucleus, and comet tail length in Mamuju
were not significantly higher compared to control
samples [3,5,6]. This study result leads to the
possibility of radioadaptive response (RAR) in
Mamuju inhabitants. However, our previous studies
failed to find that RAR phenomena was developing
in the inhabitants of Botteng Village, Mamuju [7].
Here in this study, to validate that RAR developed
among Mamuju inhabitants, we assessed the
individual radiosensitivity of Takandeang Village
inhabitants using the chromosomal aberration assay.
Until now the chromosomal aberration assay is the
most commonly used assay to predict individual
radiosensitivity. In brief, lymphocytes are irradiated
in vitro in the G0 phase and then stimulated to
proceed in the cell cycle [8]. Another technique also
commonly used for the assessment of individual
radiosensitivity is G2 micronucleus (MN) assay.
This assay was initially developed by Claes et al.
in 2013 [9]. They optimized this assay to detect
defects in the S or G2 phase of the cell cycle.
This assay also efficiently detected increased
radiosensitivity in the ataxiatelangiectasia (A-T)
patient.
Nowadays it is well known that
radiosensitivity can be influenced by genetic factors
in individuals [10,11]. Among many genes involved
in radiosensitivity regulation, the TP53 has been
explored as a potential target for radiosensitization
and radioprotection. The TP53 gene is located on
the chromosome 17p13 and consists of 11 exons
[12,13]. The transcription factor TP53 is known as a
key molecule for determining cellular responses to
ionizing radiation by initiating a spectrum of celltype specific responses, including cell cycle arrest,
senescence, apoptosis, and DNA damage repair
[12,14,15]. Genetic polymorphisms in TP53 gene
can affect some of TP53 functions. The mostinvestigated polymorphism of TP53 gene is
28
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Arg72Pro in codon 72 of exon 4 as the proline-rich
region (G>C, rs1042522) [16]. This polymorphism
encodes substitution from arginine to proline in the
TP53 protein. The TP53 72Pro has been reported
to be a more efficient activator of DNA-repair
and cell cycle arrest than TP53 72Arg [17].
Thus, individuals exhibiting TP53 72Arg will be
more sensitive to ionizing radiation. In contrast,
Brasil-Costa et al. stated that individuals with
homozygous proline coding alleles (C/C) genotype
in codon 72 of exon 4 in TP53 gene are more
radiosensitive and should be subjects for public
health action in regions with environmental
radioisotopes [18]. To validate this contradictory
finding, here in this study we evaluated the
correlation between TP53 Arg72Pro polymorphism
and individual radiosensitivity using G2 MN assay.
It is also well known that inherent characteristics are
one of the important reasons for differences in
radiation sensitivity. The blood group is an inherent
characteristic and the classification is based on the
presence or absence of ABO blood group antigens
on the surface of red blood cells. Thus, in this study
we also evaluated the association between blood
group and individual radiosensitivity to elucidate the
roles of blood group in determining the individual
radiosensitivity.

EXPERIMENTAL METHODS
Indoor and outdoor gamma dose rate
measurement
The indoor and outdoor background gamma
radiation measurements were performed using a
gamma spectrometer (Exploranium GR-135 Plus)
calibrated in the secondary standard dosimetry
laboratory under the National Nuclear Energy
Agency of Indonesia. In the outdoor gamma dose
rate measurements, the detector was placed at least
6 m away from the walls of any nearby building
and 1 m above ground level. For the indoor
measurements inside the houses, the detector
was placed 1 m above ground level with a total
exposure time of 10 minutes. The average of all
measurements in ten houses was calculated and
considered as the outdoor and indoor gamma dose
rates of Takandeang Sub-village in Takandeang
Village. Takandeang Village consists of nine subvillages, namely Salumatti, Taloba, Limbeng,
Salubiru,
Takandeang,
Palada,
Rantedunia,
Tabanga-banga, and Bettengkata. The Takandeang
Sub-village was chosen in this study as the
representative of Takandeang Village inhabitants.
Takandeang Village is part of Tapalang Sub-district
in Mamuju Regency. The control area in Topoyo
Sub-district is part of Mamuju Tengah Regency.
Both Mamuju and Mamuju Tengah regencies are
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parts of Mamuju District. Mamuju District is located
between 1° 38’ 110’’ - 2° 54’ 552’’ South and
11° 54’ 47’’ - 13° 5’ 35’’ East with an area of
5056.19 km² [19].
Annual effective dose calculation
The annual effective dose from indoor and
outdoor background gamma dose rate was estimated
by following eq. (1) [20].
(1)
Here E (mSv/y) is the annual effective dose,
Dout and Din (nSv/h) are average per-hour outdoor
and indoor gamma dose rates, T is the number of
hours in a year (8760 h/y), OFout and OFin are
outdoor and indoor occupancy factors (30 % and
70 % for outdoor and indoor, respectively), and CC
is the conversion coefficient (0.7 for adults) reported
by UNSCEAR to convert absorbed dose in air to the
effective dose in human [21]. The occupancy factor
for indoor and outdoor was calculated based on the
observation of Takandeang Sub-village inhabitants
that spent almost 8 hours outdoor and 16 hours
indoor per day.
Blood sampling
Twenty healthy adult subjects from
Takandeang Sub-village and twenty healthy adult
subjects from normal background radiation areas
(NBRAs) were included in this study. Peripheral
blood samples were collected by venipuncture using
heparinized vacutainer tubes. Two vacutainer tubes
were obtained from each sample. The study was
approved by Ethics Committee of the National
Institute of Health Study and Development,
Indonesian Ministry of Health, with the decree
number LB.02.01/5.2.KE.051/2015 date of January
29, 2015. All procedures performed in this study
were in accordance with the ethical standards of the
national research committee and with the 1964
Helsinki declaration and its later amendments or
comparable ethical standards. Informed consent was
obtained from every donor. The inclusion criteria
used in this study were having complete information
on gender and age, absence of intake of alcohol, no
family history of genetic disorder, and no exposure
to ionizing radiation except for natural background
radiation. The exclusion criteria was having a
medical treatment especially radiation exposure.
The ABO blood typing was performed using
monoclonal grouping kit (Fortress Diagnostics
Ltd, UK)
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G2 MN assay
G2 MN assay was conducted based on the
Baert et al. [22] with modifications. Two cultures
were set up in 15 mL centrifuge tube for each blood
sample. Whole blood samples were cultured for 72
hours in an incubator at 37 °C containing 5 % CO2.
The culture medium consisted of 4.5 mL of
Rosewell Park Memorial Institute (RPMI) 1640
supplemented with 20 % heat-inactivated fetal
bovine serum (FBS), 1 % streptomycin/penicillin,
and 0.1 mL of phytohemagglutinin (PHA). At 44
hours post-PHA stimulation, one culture tube from
each sample was irradiated in-vitro with 0.5 Gy γ
rays at a dose rate of 1 Gy/min, whereas the other
tube was sham-irradiated. Irradiation process was
performed at the Multi Purpose Panoramic Irradiator
(IRPASENA) at the Center for Isotopes and
Radiation Application (PAIR), National Nuclear
Energy Agency of Indonesia (BATAN). The culture
tubes were placed on polystyrene foam rack
at a distance of 108 cm from the source of the
panoramic irradiator. The irradiations process was
carried out at room temperature.
Immediately after irradiation, cytochalasin-B
at a final concentration of 6 µg/ml was added
to the cultures tubes, including non-irradiated
culture tubes. The cells were then centrifuged for
10 minutes at 1000 rpm and re-suspended in 7 ml of
0.075 M cold (4 °C) KCl. The cells were then
centrifuged again for 8 minutes at 1000 rpm and resuspended in freshly made fixative consisting
of methanol:acetic acid (10:1) diluted 1:1 with
Ringer’s solution. The cells were then washed with
two to three further changes of freshly-prepared
fixative consisting of methanol:acetic acid (10:1)
without Ringer’s solution until the cell suspension is
clear. The cell suspension was then stored at -20 °C
at least for one night until the slide preparation was
conducted. Fixed cells were dropped onto clean, wet
slides, dried and stained with 4 % Giemsa solution
(pH=6.8) for 12 minutes. Six slides were obtained
from each sample comprised of four slides from the
irradiated tube and two slides from the shamirradiated tube. For each sample, one reader scored
one thousand binucleated lymphocytes from at
least two slides at the magniﬁcation of 400×.
The slides were then analyzed based on an IAEA
publication [23].
The individual radiosensitivity was calculated
based on Baert et al. [24] with minor modifications.
For each sample, three parameters were calculated.
The spontaneous (baseline) MN number, MN
number after 0.5 Gy in vitro irradiation, and
radiation-induced MN were calculated to predict the
individual radiosensitivity. The radiation-induced
MN was deﬁned by subtracting the spontaneous MN
number from the MN number after irradiation.
The mean and standard deviation (SD) of the
29
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number of micronucleus induced by radiation found
in control group (CG) was set as the cutoff value to
determine the individual radiosensitivity in all
samples. The radiation-induced MN higher than the
mean CG + 1SD CG was scored as 1, indicating a
milder radiosensitive phenotype, whereas a result
higher than the mean CG + 2SD CG was scored as
2, and indicated a more severe radiosensitive
phenotype. When the individual value was lower
than the mean CG + 1SD CG, a score of 0 was
attributed to the tested subject.
DNA extraction and genotyping
Genomic DNA was extracted from peripheral
blood using a DNA Isolation Kit (Roche) according
to the manufacturer’s protocol. The TP53 Arg72Pro
(rs1042522) polymorphism genotyping was
performed with a real-time polymerase chain
reaction (RT-PCR), using a TaqMan (Applied
Biosystems) single-nucleotide polymorphism (SNP)
genotyping assay. The primer pairs used were
purchased from Applied Biosystems for rs1042522.
Real-time PCR was performed using Roche
LightCycler Nano in a 20 μL reaction volume
containing 2 μL PCR primer, 10 µl of Taqman
GTXpress Mastermix for genotyping, 4 µl of
genomic DNA, and 4 µl of PCR-grade water.
The PCR conditions were as follows: a 10 min
denaturation step at 95 °C followed by 45 cycles
of 95 °C for 15 seconds min and a 60 °C for
60 seconds. Genotypes were determined using
LightCycler Nano Software 1.0.
Statistical analysis
The χ2-test analysis was used to verify the
statistical differences of the categorical variable
(gender) in Takandeang Sub-village inhabitants and
control samples. T-test analysis was used for
the continuous variable, namely age, between
Takandeang Sub-village inhabitants and control
samples. The median, interquartile range, average
and standard deviation of micronuclei yields
(number of MN/1000 BN cells) in both shamirradiated and irradiated tubes were assessed in each
group of subjects. T-test analysis also used to
evaluate the significant difference of spontaneous
MN number, MN number after 0.5 Gy in vitro
irradiation, radiation-induced MN and distribution
of TP53 Arg72Pro polymorphism between
Takandeang Sub-village inhabitants and control
groups.
Hardy-Weinberg
equilibrium
was
tested on genotypic data using SNPStats
(http://bioinfo.iconcologia.net/SNPstats) [25]. The
one-way ANOVA test was used to find out the
different of MN frequencies in each genotype.
The significance value was set at p<0.05. All tests
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were conducted
version 22.0.

using

SPSS

for

Windows

RESULTS AND DISCUSSION
Indoor and outdoor gamma dose rate
The minimum and maximum gamma dose
rates for indoor measurements were 320 nSv/h and
500 nSv/h, while for outdoor measurements were
340 nSv/h and 560 nSv/h. The average indoor and
outdoor gamma dose rates were 398 ± 17.68 nSv/h
and 450 ± 25.21 nSv/h, respectively.
Annual effective dose
The average annual effective dose for
Takandeang Sub-village was 2.52 mSv/y, with
the range spanning from 1.99 to 3.17 mSv/y.
These values are 2.2 to 3.6 times as high as the
estimated world average values of effective
environmental gamma dose rate due to the cosmic
rays and terrestrial gamma radiation, as reported by
UNSCEAR, that is 0.87 mSv/y [21].
Individual radiosensitivity
The t-test analysis revealed that the mean age
of individuals from Takandeang Sub-village was not
significantly different compared with control
samples. The mean age of Takandeang Sub-village
inhabitants used in this study was 42 ± 3.46 with a
range of 17 to 77 years. The ages of controls ranged
from 20 to 68 years with a mean of 39.25 ± 3.29,
respectively. The χ2-test analysis also revealed
that the gender compositions of Takandeang
Sub-village inhabitants and control samples were
not significantly different. The detail characteristics
data of the samples are presented in Table 1.
Table 1. The detail characteristics data of the samples
(n: number of samples).
Group

Takandeang Subvillage Inhabitants,
n (%)

Control,
n (%)

p-values

Mean Age

42 ± 15.47

39.25 ± 14.74

0.56
0.52

Gender
Male

10 (50)

8 (40)

Female

10 (50)

12 (60)

Totals

20 (100)

20 (100)

A

4 (20)

7 (35)

B

2 (10)

3 (15)

AB

7 (35)

2 (10)

O

7 (35)

8 (40)

20 (100)

20 (100)

Blood Group

Totals

0.47
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The mean number of spontaneously occurring
MN and MN numbers before and after exposure to
0.5 Gy in Takandeang Sub-village inhabitants
and control samples are summarized in Table 2.
The mean spontaneous MN number (0 Gy)
in Takandeang Sub-village inhabitants was
significantly lower compared with the control group
(p=0.03) (Fig. 1). The non-significant difference
was found when comparing MN number after
0.5 Gy exposure and radiation-induced MN between
Botteng Village inhabitants and control samples
(p>0.05) (Fig. 2). In this study, the cutoff values to
define the individual radiosensitivity are 52.65 and
70.46; they are derived from the mean value of the
radiation-induced MN in control group which was
34.85 ± 17.8. Using these values, four individuals in
the control group were categorized as having a
milder radiosensitive phenotype, while the others
were categorized as normal radiosensitive (Fig. 3).
A similar result was found in Takandeang Subvillage inhabitants were four individuals were
categorized as having a milder radiosensitive
phenotype, while the others were categorized as
normal radiosensitive (Fig. 4).

Fig. 2. Mean MN number after 0.5 Gy exposure and radiationinduced MN in control and Takandeang Sub-village inhabitants
(not significantly different from control according to t-test
with p>0.05).

Table 2. The median, mean and SEM of the micronucleus per
1000 BNC.
Group data

0 Gy

0.5 Gy

Radiationinduced
MN

Control Samples
Median

23.00

57.50

33.50

21.30

56.15

34.85

2.402

3.368

3.982

13.50

55.50

39.00

Mean

14.80[S]

52.70[NS]

37.90[NS]

SEM

1.702

3.926

3.667

Mean
SEM
Takandeang Village
Median

Fig. 3. Radiation-induced MN after 0.5 Gy exposure in control
samples. Two lines indicated the cutoff values to defined the
individual radiosensitivity which were 52.65 and 70.46. Pattern
bars indicated the milder radiosensitive phenotype.

S: significantly different from control according to t-test (p<0.05)
NS: not significantly different from control according to t-test (p>0.05)

Fig. 4. Radiation-induced MN after 0.5 Gy exposure in
Takandeang Sub-village inhabitants. Two lines indicated the
cutoff values to define the individual radiosensitivity, namely
52.65 and 70.46. Pattern bars indicate the milder radiosensitive
phenotype.

Fig. 1. Mean spontaneous MN number in control samples and
Takandeang Sub-village inhabitants (significantly different
from control according to t-test with p<0.05).

1

Based on this result and the mean of
spontaneous MN number, our study showed the
possibility of the RAR in Takandeang Sub-village
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inhabitants. The existence of radiosensitivity has
been confirmed by molecular or cytogenetic assays
throughout DNA repair and MN analysis [26].
A study by Mohammadi et al. in 2006 that evaluated
the radiosensitivity in Ramsar inhabitants using the
apoptosis, MN, and alkaline comet assays revealed
the possibility of RAR in healthy individuals living
in Ramsar, Iran [27]. In particular, the MN yield of
Ramsar inhabitants that occurred after exposure to
4 Gy γ-rays was significantly lower compared to
control group. Interestingly in this study, the
spontaneous MN number in Takandeang Subvillage inhabitants was significantly lower
compared to control group. The RAR in
Takandeang Sub-village inhabitants probably is due
to highly efficient DNA repair processes. Masoomi
et al. in 2006 evaluated the DNA repair in Ramsar
inhabitants by comet assay [28]. They found that
Ramsar inhabitants who had received a lower
chronic dose (ranged from 0.53 to 7.62 mSv/y)
showed a lower radiosensitivity and more
DNA repair rate compared to control samples.
The Takandeang Sub-village inhabitants were
received 2.52 mSv/y from the terrestrial exposure
without concerning the ingestion and inhalation
exposures from radon gas. Thus, it is possible that
the DNA repair in Takandeang Sub-village
inhabitants was more efficient than in the control
samples. Further investigation should be performed
to validate this hypothesis. Concerning the effect
of confounding factors, especially age, on the
individual radiosensitivity, our study failed to find
an association between age and radiosensitivity.
This is because the ages of individuals categorized
as having a milder radiosensitive phenotype were in
the range of 39-73 years.
In this study, we used the G2 MN assay to
evaluate the radiosensitivity of people living in the
high background radiation area. This assay has been
used in several studies, specifically to investigate
the radiosensitivity in cancer patients [29,30].
The radiation dose used in this study is 0.5 Gy.
This value is much lower than the value of 2 Gy that
is commonly used in the G2 assay. The 0.5 Gy point
dose was used in this study because the 2 Gy
radiation dose gave low numbers of BNC in our
preliminary study (data not shown). However, the
use of another point dose, i.e., 1.5 Gy, should be
used in the further study to validate this study result.

Association between blood group and
radiosensitivity
The means of radiation-induced MN in
different blood groups are shown in Fig. 5. ANOVA
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test revealed that the difference in each blood type
was not significant (p>0.05). However, our study
showed that the O blood type has the lowest
value of the mean radiation-induced MN (Fig. 5).
A study by Elahimanesh et al. in 2013 suggested
that A+ blood type was the most radiosensitive
and O+ have the lowest radiosensitivity [10].
Elahimanesh et al. stated that there is a possibility of
an association between some alleles of ABO blood
groups and specific alleles of genes involved in
DNA double strand breaks repair. They also stated
that molecular investigation to evaluate candidate
loci involved in the DNA repair systems on
chromosome 9 near ABO locus at 9q34 should be
performed in order to validate the association
between blood groups and radiosensitivity [10].

Fig. 5. Mean MN numbers of different blood groups in all
samples (n: number of samples).

Regarding the Rh system, the study by
Khosravifarsani et al. showed that Rh- was less
sensitive to radiation compared to Rh+ [31]. Since
in our study all samples have Rh+, we cannot
evaluate the association between Rh and
radiosensitivity. Another study by Khosravifarsani
et al. in 2012 showed that radiosensitivity of lefthanders is higher compared to right-handers in
healthy female samples [32]. Unfortunately, in this
study, we did not evaluate whether the samples are
left or right handers.

Association between TP53 Arg72Pro
polymorphism and radiosensitivity
The genotype distribution in both of
Takandeang Sub-village inhabitants and control
samples followed the Hardy-Weinberg equilibrium
(HWE) (Table 3). The distribution of TP53
Arg72Pro in Takandeang Sub-village inhabitants
was not statistically different compared with the
control group (p>0.05).
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Table 3. Distribution of p53 Arg72Pro in Takandeang Subvillage inhabitants and control samples.

Gene

TP53
Allele
frequency

CC
CG
GG
C

Takandeang
Sub-village
inhabitants,
n (%)
13 (65)
5 (25)
2 (10)
0.78[NS]

G

0.22[NS]

Genotype

Controls,
n (%)

Total,
n (%)

7 (35)
12 (60)
1 (5)
0.65

20 (50)
17 (42)
3 (8)
0.71

0.35

0.29

NS: Not difference with control samples; p>0.05

One-way ANOVA test revealed that the
means of radiation-induced MN for each genotype
(CC/CG/GG) in Takandeang Sub-village and
control samples were not significantly different.
A similar result was also found when all samples
were pooled (p>0.05) (Fig. 6). Here in this study,
we evaluated the association between TP53
Arg72Pro polymorphism and radiosensitivity
assessed using G2 MN assay. The wild-type TP53
gene normally responds to radiation with a high
level of expression and subsequently mediates cell
cycle arrest and DNA repair activation [33].
Therefore, TP53 is important for monitoring
radiosensitivity to both high and low doses of
radiation, alone or in combination with other
stressors [18].

Fig. 6. The mean of radiation-induced MN after 0.5 Gy
exposure of each genotype in all samples (n: number of
samples).

In this study, we failed to find an association
between TP53 Arg72Pro polymorphism and
radiosensitivity in people receiving the chronic low
dose rate exposure. Until now, there have not been
many studies on the correlation between Arg72Pro
and radiosensitivity. Comprehensive studies
about the association between TP53 Arg72Pro
polymorphism and radiosensitivity were already
performed by Alsbeih et al. [8,28]. In 2007 Alsbeih
et al. observed an increase of survival in fibroblast
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cells using clonogenic assay after exposed to single
radiation dose ranging from 0 to 4 Gy in cells
containing Proline coding allele in TP53 (Arg72Pro)
gene. They stated that amino acid substitution
variant may affect the structure of the putative SH3binding domain and the Pro variant could have a
suboptimal protein function culminating in less
stringent control of the cell cycle and DNA repair
that otherwise would eliminate the damaged cells
from the cellular population and, therefore, lead
to greater survival [34]. Another study by Alsbeih
et al. in 2007 also revealed a similar result, namely
that the variant TP53 Arg72 allele was associated
with a decrease in radiosensitivity [35]. A study
by Schwartz et al. in 2011 using the human
lymphoblast cells revealed that cell lines with
homozygous Proline coding allele were more likely
to be resistant to radiation-induced chromatid break
formation in G2 chromosomal radiosensitivity assay
compared to those containing two arginine
coding alleles [36]. Another study by Pereira et al.
in 2011 revealed that the homozygous arginine
coding alleles increase the number of cells
with karyorrhexis in buccal cells of head and
neck cancer patients after the first session of
radiotherapy [37].
The effect of low dose and low dose rate of
radiation is inconsistent and inconclusive [38].
However, it is well known that RAR could be
induced by chronic low dose exposure, even though
the molecular mechanism underlying RAR is not yet
clearly understood. It is assumed that RAR may be
either due to the enhanced repair of DNA damage or
due to protection against the adverse effects induced
by high challenging doses [39]. The high level of
DNA damage in people living in HBRAs could
come from the high level of reactive oxygen species
(ROS). As already known, ionizing radiation can
generate ROS, cause DNA damage, and induce
delays in different phases of the cell cycle [40,41].
Thus, it can be assumed that the antioxidant level in
HBRA inhabitants should be lower than in the
control samples due to the utilization of antioxidants
that could scavenge the higher free radical
concentrations. As shown in Attar et al. study, the
total serum antioxidant level in Ramsar inhabitants
was significantly lower than in the control samples
[42]. Further evaluation on the antioxidant level of
Takandeang Sub-village should be performed in
future investigations to evaluate the association with
individual radiosensitivity status.
CONCLUSION
Our study results showed that people living
in Takandeang Sub-village inhabitants possibly
developed the RAR phenomena. In this study, we
33
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did not find a significant association between
radiosensitivity with the blood group and TP53
Arg72Pro polymorphism. We also noticed several
limitations in our study. First, we only used a
limited number of samples in this study. Second, we
did not measure the annual effective dose and radon
concentration in each house of our samples,
particularly the Takandeang Sub-village inhabitants.
There is a possibility that the levels of external and
internal radiation exposures received by our samples
varied from one to another. As a consequence, some
individuals in Takandeang Sub-village inhabitants
probably received lower external and internal
radiation exposures than the others. A more
comprehensive study using a larger number of
samples in the future should be conducted to find
the association between individual radiosensitivity
with blood group types and TP53 Arg72Pro
polymorphism.
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