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Abstract

The current study dealt with detection of some DNA repair genes polymorphisms in individuals
worked in the X-ray department in Al-Sadr hospital city in Al-Najaf province. In this study,
about 20 X-ray workers who worked in the Najaf province from 15/2/ 2023 to 15/3/ 2023,
participated. Thirty people in the control group appeared to be in good condition. the present
study was suggested, three DNA repair genes with common SNPs were enrolled, including X-
ray repair cross-complementing group 1 (XRCC1) Arg399GIn (28152) G>A, apurinic
/apyrimidinic endonuclease 1(APE1) Aspl148Glu (rs3136820), and RAD18 Arg302GIn
(rs373572), The data analysis showed significant association (p =0.002) of RAD18 genotyping
with workers, AA was more frequented in workers than control while GG didn’t appear in
cases. A significant association of XRCC1 (AG) with workers (p=0.005), AA didn't appear in
cases and GG was low frequented in cases than in control. Non-significant associations of
APE1 (p= 0.2978, p =0.174) with case. Belong to work time, all genes included (RAD 18,
XRCC1, and APE1) were non-significant affected by work time, at p-value of RAD 18
genotypes (p 0.581), XRCC1 (p =0.194) and APE1 (p= 0.891). The time of x-ray exposure was
divided into less than 6 hours and more than 6 hours, with a Non-significant association of
RAD18 (p =0.191), XRCC1(p= 0.662), and APE1 (p =0.576) with the time of exposure, the
work duration also divided to two classes (more than 10 years and less than 10 years), non-
significant associations were observed, RAD 18 (P=0.888), XRCCL1 (p=0.319) and APE1 (p=
0.496). The present results concluded that there were significant associations between RAD18
Arg302GIn (rs373572),(AA)polymorphism was frequented in workers than control and
XRCC1 Arg399GIn (28152) G>A with x-ray workers and non-significant association with
APE1 Aspl48Glu (rs3136820), on the other hand, the time, number of exposure and work
period didn't associate with repair genes.
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Introduction

The electromagnetic radiation used in medical applications is X-ray produced artificially
outside of a nucleus, with lower energy than y-ray (Introduction to Radiation, 2012). The
mechanism of action of lonizing radiation is ionized atoms throw eliminate an electron from
their orbits to form ions with a positive charge and negative charge of the free electron
(Introduction to Radiation, 2012), several factors impact the harmful activities of ionizing
radiation on living cells included dose rate, dose amount, gender, age, and target types, On the
other hand, there was direct and indirect interaction, the direct interaction resulted from interact
the ionizing radiation with critical goals directly like DNA molecules. the indirect interaction
caused by interact ionized radiation with water in the cell, to form both ions and free radicals
(Cember et al., 2008). Radiological health, Health physics, or radiological engineering are
terms utilized in public health fields like the engineering of environmental health that deals
with ionizing and nonionizing radiation using in safely to prevent any radiation biological
impacts on humans. The health physicist is contributed to the safety aspects in the design of
processes, tools, and facilities using sources of radiation and radioactive waste safe disposal,
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so the radiation exposure should be lowered and will at all times have acceptable limits; it
should be kept the environment and personnel under constant conditions to ascertain that these
designs are effective indeed (Waller et al., 2015). If control tests are observed to be ineffective
or if they break down, the health physicist should be able to estimate the level of hazard and
make some guides regarding remedial action (Cember et al., 2008). All tissues and cells in the
body of human do not have the same radio sensitivity; several of them are radio resistance
while others are radiosensitive (Shafiee et al., 2016) Hematopoiesis is one of the vital
radiosensitive systems to radiation. It was considered that peripheral blood count is appropriate
to use as a biomarker to evaluate ionizing radiation damage (Rozgaj et al., 1999).

The base excision repair system is a major mechanism for correcting base lesions, like
oxidative alteration, that started with a glycosylase-dependent detection and damaged base
removal from the DNA strand to form an apurinic/apyrimidinic site. later, the APEL protein
cleave phosphor-diester bonds in the DNA double helix from the apurinic/apyrimidinic site,
which leads to a nucleotide gap and the 3’OH free end (Whitaker et al., 2017). Later the gap
was ligated by other proteins, like DNA ligase I1la (Lig I11a), XRCC1, DNA-dependent protein
kinase, poly (ADP-ribose) polymerase 1, and a catalytic subunit (Bauer et al., 2011). The other
type of repair system is RAD18, it's an integral protein have a RING finger domain. Also, it
has the activity of ubiquitin-ligating enzyme (E3) (Joazeiro et al., 2000) and is vital to
proliferating cell nuclear antigen ubiquitination. Monoubiquitinated PCNA enhances
translesion synthesis and recruits translesion synthesis polymerases to the DNA lesions sites
(Huang et al., 2009)

Methodology

Sample collection and study subjects: a case-control study was conducted in the DNA lab at
Babylon University. 20 X-ray employees were enrolled in the current study from different x-
ray centers in Najaf province, and 30 individuals were as a control group healthy. as the
collection of samples began from February 2023 to March 2023. The patient and control groups
were aged 24-46 . Blood and data were collected from each subject with ethical approval
belonging to the ministry of higher education and scientific research, and the approval of the
two study groups. data collected from cases were (age, duration of work, and period of work).

DNA isolation and detection of polymorphism: the DNA was isolated from each sample by
favorgen instruction, then detected purity and concentration, and three DNA repair genes were
studied (table 1).

Table (1).The primers sets of three genes used in the present study

Gene (SNPs) | Sequences TM | Products Size References
APE1 F1:5CCTACGGCATAGGTGAG |60 |TheG167bp,T236|Ito et al.,
Asp148Glu ACC bp, and 360 bp | (2004)
(rs3136820) R1:5'- common band

TCCTGATCATGCTCCTCC-3°
F2:5'TCTGTTTCATTTCTATAG

GCGAT

R2:5'-

GTCAATTTCTTCATGTGC CA
XRCC1 F2 59 | The G (399Arg) 447 | Ito et al.,
Arg399Gin 5'TCCCTGCGCCGCTGCAGTT bp, A (399GIn) 222 | (2004)

(28152) G>A | TCT
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R1- bp and 630bp
TGGCGTGTGAGGCCTTACCT common band

CcC

F2, TCGGCGGCTGCCCTCCCA
R2
AGCCCTCTGTGACCTCCCAG
GC

The RAD-18 | F1:5’- 60 | GIn146pb,and 106 | Das et al.,
Arg302Gin ATACCCATCACCCATCTT C bp Arg. A 206 bp | (2018)
(rs373572) R1, common band
GTCTTCTCTATATTTTCGATT
TCTT
F2,TTAACAGCTGCTGAAATA
GTCG
R2,CTGAAATAGCCCATTAAC
ATACA

Electrophoresis: the XRCC1, RAD18, and APE1 amplification products were visualized by
horizontal agarose electrophoresis using (agarose gel 1%, 75 V, 25 mA for 50 min) with
ethidium bromide stain. Bands were detected in comparison with a DNA ladder (100 bp-1000
bp) under UV light using (vilber) photo documentation.

Data analysis: the workers were classified according to work time into two groups (less than
6 hours and more than 6 hours), according to exposure to X-ray time (less than 6 hours and
more than 4 times), according to exposure to X-ray number (less than 6 hours and more than 4
times) and according to work duration (less than 10 years and more than 10 years). The allele
frequency is represented as a percentage, significantly calculated by an odd ratio Cl 95%, at a
p-value less (than 0.05).

Results

The results of the present study illustrated that the mean age was (36.90£10.42) years, the mean
exposure time was (3.95+2.85) years, and the duration of work was (9.80+8.78) years. Here
we detect some DNA repair genes polymorphisms in individuals who worked in the X-ray
department in Al-Sadr hospital city in Al-Najaf province. The results showed APE1 gene
appeared in GT, TT genotypes, RAD18 gene polymorphism with AA and AG genotypes, and
XRCC1 genotypes with (GA and GG genotypes in cases (figure 1).

LX)

e
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L

Figure.(1) The electrophoresis pattern of DNA repair genes polymorphism, A; APE1 gene

with (GT, TT) genotypes, B; RAD18 gene polymorphism with (AA) genotype, C; XRCC1

genotypes with (GA, AA, and GG) genotypes. DNA ladder (100bp-1kb).

The distribution of genotyping is clarified in the table (2), the data analysis showed a significant

association (p =0.002) of RAD18 genotyping with workers (AA) more frequently in workers
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than control while GG didn't appear in cases. A significant association of XRCC1 (AG) with
workers (p= 0.005), AA didn't appear in cases and GG low frequent in cases than in control.
Non-significant associations of APE1 (p= 0.298, p= 0.174). Belong to work time, all genes
included (RAD 18, XRCC1, and APE1) were non-significant affected by work time, the p-
value of RAD 18 genotypes (p= 0.581), XRCC1 (p=0.194) and APE1(p=0.891) table (3). The
time of x-ray exposure was divided into less than 6 hours and more than 6 hours, with a Non-
significant association of RAD18 (p= 0.191), XRCC1(p =0.662), and APE1 (p= 0.5759) with
a time of exposure (table 4). the repair system genes polymorphisms distribution according to
exposure to X-ray number showed non-significant relations, RAD18 (p= 0.948), XRCC1
(p=0.942), and APE1 (p=0.891) table (5). The work duration was also divided into two classes
(more than 10 years and less than 10 years), and non-significant associations were observed,
RAD 18 (p=0.888), XRCC1 (p=0.319), and APE1 (p =0.496) table (6).

Table (2) the distribution of repair genes polymorphisms in study groups (odd ratio,
C195%, P value less than 0.05)

Genotyping RAD 18 Patients Control | Odd ratio CI P value
AG 7 (35%) | 28(93.33%) 26.000 0.002
AA | 13 (65%) 2(6.66%) 4,733 - 142.838
GG 0 0

XRCC1

AG | 18 (90%) 14(46%) 10.286 0.0050
GG 2(10%) | 13(43.33%) 2.020 - 52.365

AA 0 3(10%) 0.771 0.876
0.0297 - 20.017

APE 1

GT | 14(70%) | 16(53.33%) 0.528 0.298
GG 0| 5(16.66%) 0.158 - 1.759

TT 6(30%) | 8(26.66%) 8.412 0.174
0.391 -181.198

Table (3).The repair system genes polymorphisms distribution according to work time
Genotyping RAD | More than 6| Less than 6 Odd ratio P value
18 hours hours
AG 3(15%) 4(20%) 21.000 0.058
AA 0 13(65%) | 0.900 - 489.789
XRCC1
AG 2(10%) 16(80%) 8.000 0.194
GG 1(5%) 1(5%) | 0.347 - 184.375
APE 1
GT 2(10%) 12(60%) 1.2000 0.893
TT 1(5%) 5(25%) 0.088 - 16.440
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Table (4).The repair system genes polymorphisms distribution according to exposure to X-

ray time
Genotyping | More than 6 | Less than 6 Odd ratio P value
RAD 18 hours hours
AG 3(15%) 4(20%) 4.125 0.191
AA 2(10%) 11(55%) 0.493 - 34.500
XRCC1
AG 5(25%) 13(65%) 0.4909 0.662
GG 0 2(10%) 0.020 - 11.974
APE 1
GT 3(15%) 11(55%) 1.8333 0.576
TT 2(10%) 4(20%) 0.219 - 15.334
Table (5).The repair system genes polymorphisms distribution according to exposure to X-
ray number
Genotyping | More than 4| Less than 4 Odd ratio P value
RAD 18 times times
AG 1(5%) 6(30%) 0.917 0.948
AA 2(10%) 11(55%) 0.068 - 12.323
XRCC1
AG 3(15%) 15(75%) 0.886 0.942
GG 0 2(10%) 0.034 - 22.853
APE 1
GT 2(10%) 12(60%) 1.2000 0.891
TT 1(5%) 5(25%) 0.088 - 16.440

Table (6).The repair system genes polymorphisms distribution according to work duration

Genotyping | More than 10 | Less than 10 Odd ratio P value
RAD 18 years years

AG 3(15%) 4(20%) 0.875 0.888

AA 6(30%) 7(35%) 0.137 -5.576
XRCC1
AG 9(45%) 9(45%) 0.200 0.319

GG 0 2(10%) 0.008 -4.746
APE 1
GT 7(35%) 7(35%) 0.500 0.496

TT 2(10%) 4(20%) 0.068 - 3.675

Discussion

The ionizing radiation utilized in medical applications has increased in the last decade,
therefore the technician's number of X-rays also increased, Iraq the technicians work without
any protection tools and the multiple exposures to low levels of x-ray may be implicated in
different cell mechanisms declined, the association of IR and DNA damage has been
documented in different reports, IR stimulates a variety of DNA damage by direct or indirect
impacts through ionization events generated by ROS, as well as mammalian cells exposure to
of gamma or photon radiation (1 Gy) lead to 1000 single-strand breaks, 150 DNA-protein
cross-links, 500 damaged bases, and 40 double strand breaks (Dahm-Daphi & Dikomey, 1996).
Eileen et al., (2012) postulated that some genetic association studies of IR impacts have
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focused on the detection of many SNPs in candidate genes, like the control of cell cycle and
DNA repair genes that are well studied according to the critical role in genome integrity
maintained and particular relevance in situations where exposure is too low levels of radiation
that increased in the oxidative stress levels.

Redonetal., (2010) and Aparicio et al., 2014) illustrated that lonizing radiation causes Double-
strand DNA breaks directly, in addition to base damages that are indirectly induced. These
effects may be because of stimulation ROS by radiation that is indirectly implicated in DNA
lesions, like apurinic/apyrimidinic (abasic) sites, single strand breaks, modifications in sugar
moiety, and deaminated adducted bases. When DNA is damaged, this damage happened in
different DNA sites that may be illustrated in the results of the current study, however; the cell
repair machinery is triggered and arrests the cell cycle at specific control checkpoints to repair
DNA lesions and arrested the cycle. On the other hand, the intrinsic radiosensitivity of tumor
cells is strongly stimulated by the cell's Double Strand Break repair capability (Mladenov et
al., 2013). The accumulation of DNA damage leads to induction disease if the repair activity
was low, thus the x-ray worker should be avoided these harmful effects by using personal
protective equipment and also using the repair genes polymorphism estimation as a preliminary
test before work in the x-ray field to avoid the bad output of these employees.

On the other hand, the results show that the age were non significant changes agree with (Asma
et al 2023) the time and number of exposure and the work period didn’t affect APE1 and
XRCC, RAD18, polymorphisms of X-ray repair cross complementing group 1 (XRCC1) and
X-ray repair cross complementing group 3 (XRCC3) have been studied extensively(Sorour et
al 2013).but it's associated with workers in x-ray fields, this should be taken into consideration
when working in this field and for used protective tools to avoid disease incidence.

Moreover, Exposure to IR found to be involved in cancer etiology (Ron, 1998), and lesions
stimulated by IR are repaired by base excision repair and homologous recombination repair
(Demple and Harrison, 1994; Wallace, 1994; Lindahl, 2000; Brenneman et al., 2000), the
Hypersensitivity to IR may stimulate from somatic mutations of repair genes, polymorphisms
of base excision repair genes like APE1 and XRCC1 and a low level of protein expression
secondary to other cellular dysfunction. Jennifer et al., (2001) suggested that the substitution
variants of amino acid in base excision repair genes are correlated with a mitotic delay in
response to IR. Since the hypersensitivity to IR inheritance and deficient repair of IR-induced
lesions may serve as markers for low-penetrant predisposition genes in the tumor, Jennifer et
al., (2001) reported linked between SNPs of two DNA repair genes and IR sensitivity, the
structural alterations of APE1 and XRCC1 proteins may have functional significance. First, the
APE1 148 Glu variant allele has a small but non-significant impact on endonuclease and DNA
binding activity (Hadi et al., 2000) and this didn't agree with the present study, we need a
further investigation about this employee in Iraq.

Conclusion

The present results concluded that there were significant associations between (AA)genotype
RAD18 more frequently in workers than control while GG didn't appear in cases and this study
revealed significant association of XRCC1(AG) with x-ray workers, while (AA) didn't appear
in case . Non-significant association with APE1, on the other hand, the time, number of
exposure, and work period didn't associate with repair genes.
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