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KEPUTUSAN
KEPALA PUSAT SAINS DAN TEKNOLOGI NUKLIR TERAPAN
NOMOR : 4626/SNT/I1X/2017

TENTANG

PANITIA SEMINAR NASIONAL SAINS DAN TEKNOLOGI NUKLIR TAHUN 2617
PADA TANGGAL 14 NOVEMBER 2017

Menimbang : bahwa dalam rangka menyebarluaskan hasil litbang yang menunjang
pemanfaatan Pusat Sains dan Teknologi Nuklir Terapan dalam pengembangan
dan pengelolaan potensi nasional, maka dipandang perlu menyelenggarakan
Seminar Nasional Sains dan Teknologi Nuklir. ;

Peraturan Kepala BATAN Nomor : 14 Tahun 2013,
Peraturan Kepala BATAN Nomor : 21 Tahun 2014;
Keputusan Kepala BATAN Nomor: 52/KA/II2017;
Keputusan Kepala BATAN Nomor: 54/KA/III/2017;

DIPA Pusat Sains dan Teknologi Nuklir Terapan Tahun 2017.

Mengingat

KR E GYiRsy

MEMUTUSKAN

Menetapkan : PANITIA SEMINAR NAS[ONAL SAINS DAN TEKNOLOGI NUKLIR 2017 PADA
TANGGAL 14 NOVEMBER 2017.

KESATU . Mencabut Surat Keputusan Kepala Pusat Sains dan Teknologi Nuklir Terapan
Nomor: 2326/SNT/IV/2017 tanggal 25 April 2017, tentang Panitia Seminar
Nasional Sains dan Teknologi Nuklir Tahun 2017 Pada Tanggal 15 Agustus
2017

KEDUA - Membentuk Panitia Seminar Nasional Sains dan Teknologi Nuklir dan
mengangkat pegawai yang nama-namanya tersebut pada lajur 2, dalam jabatan
sebagaimana tersebut pada lajur 3, daftar lampiran keputusan ini.

KETIGA . Dalam melaksanakan tugasnya Panitia bertanggung jawab kepada Kepala
Pusat Sains dan Teknologi Nuklir Terapan.

KEEMPAT :  Keputusan ini mulai berlaku sejak tanggal 04 September 2017 .sampai dengan
selesai pelaksanaan Seminar Nasional Sains dan Teknologi Nuklir, dengan
ketentuan apabila dikemudian hari ternyata terdapat kekeliruan dalam
keputusan ini akan diadakan perbaikan seperiunya.

Ditetagkan di  Bandung
padatainggal 11 September 2017

KEPALA,

DR. JUPITER SITORUS PANE, M.Sc.
NIP: 19600511 198502 1 001
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Seminar Nasional Sains dan Teknologi Nuklir 2017 Tema “Peran Sains dan Teknologi Nuklir dalam

Aula Emas PSTNT- Bandung, 14 November 2017 Percepatan  Kesejahteraan Menuju  Kemandirian
Bangsa”
KATA PENGANTAR

Puji dan syukur dipanjatkan kehadirat Allah S.\W.T. karena atas ridhoNya, sehingga
Prosiding Seminar Nasional Sains dan Teknologi Nuklir 2017 dengan tema seminar “Peran
Sains dan Teknologi Nuklir dalam Percepatan Kesejahteraan Menuju Kemandirian Bangsa”
dapat diterbitkan. Prosiding ini memuat karya tulis ilmiah yang telah disampaikan pada
Seminar Nasional Sains dan Teknologi Nuklir 2017 oleh para peneliti yang ada di lingkungan
Pusat Sains dan Teknologi Nuklir Terapan (PSTNT) - Badan Tenaga Nuklir Nasional
(BATAN), di luar PSTNT-BATAN dan lembaga litbang lainnya di luar BATAN.

Seminar Nasional Sains dan Teknologi Nuklir 2017 diselenggarakan pada tanggal
14 November 2017 oleh PSTNT-BATAN yang bertempat di Aula Emas-PSTNT, JI. Tamansari
No. 71 Bandung. Pada seminar ini disajikan 77 buah karya tulis ilmiah berupa makalah hasil
penelitian dan pengembangan serta pengkajian dari Badan Tenaga Nuklir Nasional,
Kementerian Lingkungan Hidup dan Kehutanan, dan Universitas Jendral Ahmad Yani.
Adapun satuan kerja di lingkungan BATAN yang ikut berpartisipasi sebagai pemakalah adalah
Pusat Sains dan Teknologi Akselerator (PSTA), Pusat Sains dan Teknologi Bahan Maju
(PSTBM), Pusat Kajian Sistem Energi Nuklir (PKSEN), Pusat Reaktor Serba Guna (PRSG),
Pusat Aplikasi Isotop dan Radiasi (PAIR), Pusat Teknologi Radioisotop dan Radiofarmaka
(PTRR), Pusat Teknologi Bahan Bakar Nuklir (PTBBN), Pusat Teknologi Keselamatan dan
Metrologi Radiasi (PTKMR) dan Pusat Teknologi Limbah Radioaktif (PTLR).

Selain itu, Seminar Nasional Sains dan Teknologi Nuklir 2017 juga menampilkan
empat pembicara utama yaitu Prof. Dr. Djarot Sulistio Wisnubroto (Kepala BATAN),
Prof. Dr. Zaki Su’ud dari Fisika Nuklir dan Biofisika — Institut Teknologi Bandung,
Dr. A. Hussein S. Kartamihardja, SpKN, MHKes. dari Fakultas Kedokteran - Universitas
Padjadjaran/ RSUP Dr. Hasan Sadikin dan Dr. Muhamed G.A.H. Belal dari International
Atomic Energy Agency (IAEA).

Setelah melewati proses penyuntingan, sebanyak 67 buah karya tulis ilmiah
dicantumkan sebagai makalah lengkap di dalam Prosiding Seminar Nasional Sains dan
Teknologi Nuklir 2017 yang diklasifikasikan dalam topik energi, industri, kesehatan dan
lingkungan. Semoga Prosiding Seminar Nasional Sains dan Teknologi Nuklir 2017 ini dapat
bermanfaat sebagai sumber informasi untuk kemajuan penelitian dan pengembangan sains dan
teknologi nuklir di Indonesia.

Kepada semua pihak yang telah membantu dalam penerbitan Prosiding ini, kami
ucapkan terima kasih.

Bandung, April 2018

Penyunting
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SAMBUTAN KEPALA PSTNT - BATAN

Segala puji kita panjatkan kepada Tuhan Yang Maha Kuasa karena atas rahmatNya
Prosiding Seminar Nasional Sains dan Teknologi Nuklir 2017 dengan tema “Peran Sains dan
Teknologi Nuklir dalam Percepatan Kesejahteraan Menuju Kemandirian Bangsa” dapat
diterbitkan. Prosiding ini memuat karya tulis ilmiah yang telah disampaikan pada Seminar
Nasional Sains dan Teknologi Nuklir 2017 yang diselenggarakan pada tanggal 14 November
2017 oleh Pusat Sains dan Teknologi Nuklir Terapan (PSTNT) — BATAN, Bandung. Seminar
ini dilaksanakan dalam rangka menyebarluaskan hasil penelitian dan pengembangan serta
pemanfaatan iptek nuklir. Melalui seminar ini diharapkan hasil penelitian dan pengembangan
iptek nuklir yang sudah dilakukan dapat dimasyarakatkan.

Karya tulis ilmiah dalam prosiding ini ditulis oleh para peneliti baik yang berada di
lingkungan PSTNT-BATAN, di luar PSTNT-BATAN, maupun di luar BATAN meliputi
penelitian dan pengembangan di bidang energi, industri, kesehatan dan lingkungan. Di
samping itu, prosiding ini juga memuat makalah yang dipresentasikan oleh empat pembicara
utama yaitu tentang: Indonesia sebagai Nuclear Technology Provider; PLTN Generasi Lanjut
dan Prospeknya bagi Indonesia; Prospek dan Tantangan Pemanfaatan Iptek Nuklir di Bidang
Kesehatan; dan Safety Analysis for Design and Operational Activities — a User Experience of
The IAEA Safety Standards.

Untuk itu, kami menyampaikan terima kasih yang sebesar-besarnya kepada para
pembicara utama, seluruh pemakalah seminar, undangan, panitia penyelenggara seminar dan
semua yang telah berpartisipasi dalam menyukseskan penyelenggaraan Seminar Nasional
Sains dan Teknologi Nuklir 2017. Dengan telah terbitnya prosiding ini, kami juga
mengucapkan terima kasih kepada Tim Penerbitan Prosiding dan semua pihak yang telah
membantu sehingga Prosiding Seminar Nasional Sains dan Teknologi Nuklir 2017 dapat
diterbitkan sesuai dengan waktu yang telah direncanakan. Besar harapan kami semoga
Prosiding ini dapat bermanfaat bagi kita semua.

Bandung, April 2018

Kepala Pusat Sains dan Teknologi
Nuklir Terapan — BATAN

Dr. Jupiter Sitorus Pane, MSc
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GENETIC POLYMORPHISM IN DNA BASE EXCISION REPAIR
GENE XRCC1 AMONG MEDICAL RADIATION WORKERS

Harry Nugroho Eko Surniyantoro, Yanti Lusiyanti, Wiwin Mailana, Devita Tetriana

Center for Technology of Safety and Radiation Metrology, National Nuclear Energy Agency of Indonesia,
Jakarta, Indonesia
JI. Lebak Bulus raya 49, Jakarta, 12440

ABSTRAK

POLIMORFISME GEN PERBAIKAN PEMOTONGAN BASA DNA XRCCl PADA PEKERJA
RADIASI MEDIS. Kerusakan DNA disebabkan faktor endogen dan eksogen. Faktor endogen utama adalah
Reactive Oxygen Species (ROS), sedangkan faktor eksogen adalah lingkungan seperti ultra violet, radiasi
pengion dan bahan kimia. Salah satu jalur perbaikan DNA yang rusak, sistem perbaikan eksisi dasar (BER),
memainkan peran dalam tubuh manusia untuk menjaga integritas DNA, mencegah kanker dan kerusakan
DNA. BER terlibat perbaikan basa teroksidasi dan kerusakan DNA untai tunggal setelah terpapar oleh ROS,
termasuk radiasi pengion. X-rays Repair Cross-Complementing Group 1 (XRCC1) adalah gen yang
memegang peranan penting dalam BER dan perbaikan DNA baik kerusakan untai tunggal maupun untai
ganda. Individu dengan polimorfisme gen XRCC1 exon 10 (Arg399GIn) dan membawa varian alel 399GIn
memiliki risiko kerusakan DNA lebih besar daripada wildtype, 399Arg. Penelitian ini bertujuan untuk
menguji frekuensi genotip polimorfisme nukleotida tunggal (SNPs) gen XRCC1 exon 10 pada petugas radiasi
medis. Penelitian ini melibatkan 77 sampel dari beberapa rumah sakit di Indonesia. Uji genotip
polimorfisme gen XRCC1 ekson 10 dilakukan dengan menggunakan teknik Polymerase Chain Reaction-
Restriction Fragment Length Polymorphism (PCR-RFLP). Individu pembawa XRCC1 399GIn (alel A)
memiliki frekuensi lebih rendah daripada yang membawa wildtype 399Arg (0,39 vs 0,61). Hasil ini
menunjukkan bahwa 39% pekerja radiasi medis memiliki risiko berkurangnya efisiensi perbaikan kerusakan
DNA dan dapat mempengaruhi risiko kanker. Radiasi pengion menginduksi berbagai jenis kerusakan pada
DNA dan membutuhkan beberapa jalur perbaikan untuk memulihkan integritas genomik. Gen penting
lainnya, terutama untuk perbaikan double-strand DNA juga berperan dan harus diselidiki lebih lanjut.
Polimorfisme yang menyebabkan perbaikan DNA yang tidak efisien juga terkait dengan reaksi akhir
terhadap radioterapi.

Keywords: Kerusakan DNA, XRCC1, Polimorfisme genetik, perbaikan DNA, Pekerja radiasi medis
ABSTRACT

GENETIC POLYMORPHISM IN DNA BASE EXCISION REPAIR GENE XRCC1 AMONG
MEDICAL RADIATION WORKERS. DNA damage can be caused by endogenous and exogenous factors.
The main endogenous factor is Reactive Oxygen Species (ROS), whereas exogenous factors are
environmental factors: ultra violet rays, ionizing radiation and chemicals. One of damaged DNA repair
pathways, base excision repair system (BER), plays an important role to maintain DNA integrity, prevent
cancer and DNA damage. BER is involved in the repairement of oxidized bases and single strand breaks
DNA after exposure by ROS, including ionizing radiation. X-rays Repair Cross-Complementing Group 1
(XRCC1) is a gene that plays an important role in BER and DNA repair both single strand break and double
strand breaks. Individuals with XRCC1 exon 10 (Arg399GIn) gene polymorphisms and carrying 399GIn
allele variants have a greater risk of DNA damage than their wildtype, 399Arg. This study was aimed to
examine the genotype frequencies of single nucleotide polymorphisms (SNPs) of XRCC1 exon 10 among
medical radiation workers. This study involved 77 samples from hospitals in Indonesia. Genotyping of
XRCC1 exon 10 gene polymorphism was performed using PCR-RFLP. Individuals with a XRCC1 399GIn (A
allele) had a lower frequency than wildtype of 399Arg (0.39 vs. 0.61). The results indicated that 39% of
medical radiation workers had a risk of repair efficiency of DNA damage and might influence an individual's
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risk of cancer. lonizing radiation induces many types of damage to DNA, requiring multiple repair pathways
to restore genomics integrity. Other important genes, especially for DNA double-strand break repair, might
also play a role and should be further investigated. Polymorphisms leading to inefficient DNA repair might
also be associated with late reactions to radiotherapy.

Keywords: DNA damage, XRCC1, Genetic polimorphism, DNA repair, Medical radiation workers

1. INTRODUCTION Base excision repair (BER) system,

The role of ionizing radiation on the
human body, especially against DNA damage
is very important to be investigated, because
humans cannot escape from exposure to
ionizing radiation in their daily activities.
During this time, the use of ionizing radiation
on diagnostic and treatment devices has been
widely used. This contributes to the radiation
dose in the population [1]. The most affected
population group is radiation workers in
hospitals that are consistently exposed to low
doses of ionizing radiation.

Radiation exposure consists of two
types, high doses and low doses. High doses of
radiation exposure are generally known to have
an effect, including cancer induction. While
exposure to low-dose radiation is still less clear
[2]. Exposure to ionizing radiation to the
human body causes many adverse effects,
especially in cellular DNA. This DNA damage
through various means and to overcome it
required the action of DNA repair enzymes to
maintain the integrity of DNA. Thus, DNA
repair enzymes play an important role in
maintaining genomic integrity and various
DNA functional damage [3-5].

DNA damage can be caused by
endogenous and exogenous factors. The main
endogenous factor is ROS whereas exogenous
damage is caused by environmental factors
such as ultra violet rays, ionizing radiation and
chemicals. DNA repair pathways consist of 3
types, namely direct reversal repair, single
strand break repair and double strand break
repair systems. Single strand break repair
(SSBR) is the most important DNA repair
system. The SSBR consists of 3 types, namely
Excision Repair (BER), Nucleotide Excision
repair (NER) and Mismatch repair (MMR).
BER is a simple repair system that works in
cells to repair single DNA damage caused by
endogenous factors, NER is a complex repair
system for repairing larger areas caused by
exogenous factors, whereas the MMR plays a
role for Fix base pair mismatch during the
postreplication process [6].
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plays a very important role in the human body
to maintain DNA integrity, prevent cancer and
DNA damage. BER is involved in the repair of
oxidized bases and single strand breaks DNA
after exposure by ROS, including ionizing
radiation. Both oxidized bases and Single
strand break, formed by ROS, are a major
cause of genetic stability and cellular viability.
This will lead to faster mutation rates and
increase chromosomal damage. ROS is
produced from endogenous and exogenous
sources, including ionizing radiation [7,8]. The
BER pathway works by removing and
replacing the damaged DNA base. This process
begins with the release of DNA bases that are
damaged specific glycosylase DNA enzymes,
followed by sugarphosphate chain cutting,
apurinic / apyrimidinic (AP) site cutting by
endonuclease, DNA synthesis and ligation.
This biochemical reaction involves the enzyme
8-oxoguanine DNA glycosylase 1 (OGG1), AP
endonuclease 1 (APE1 or APEX1), Poly
(ADPribose) polymerase-1 (PARP-1),
Polynucleotide kinase, DNA polymerase-f [9].

X-rays Repair Cross-Complementing
Group 1 (XRCC1) has a large role in DNA
repair, which is as a scaffolding protein in Base
Excision Repair (BER), DNA repair of both
Single-Strand Breaks Repair (SSBR) and
double-strand breaks, maintaining genomic
stability in human cells [10-12]. XRCC1
protein deficiency may decrease the ability of
DNA repair and lead to increased
hypersensitivity to agents that damage DNA
and ionizing radiations [13]. XCRR1 gene is
located on chromosome 19q13.2 and consists
of 17 exons encoding 633 amino acids. There
are 3 SNPs that occur in XRCC1, the genetic
variant (C>T) in exon 6 which converts Arg to
Trp (Argl94Trp), genetic variant (G>A) in
exon 9 which converts Arg to His (Arg280His)
and genetic variant (G>A) in exon 10 which
converts Arg to GIn (Arg399GIn). All of SNPs
can decrease DNA repair activity [14]. This
study focused on the genetic variant
Arg399Trp in exon 10.
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SNPs are the most common
polymorphisms in humans with a frequency >
1% in the population. SNPs that occur in DNA
repair genes result in decreased DNA repair
ability, increased mutation rate and cancer risk
[15]. SNPs that occur in the XRCC1 exon 10
gene produced 2 allele variants, namely 399
Arg and 399GIn. 399GIn alleles can be a risk
factor for head and neck cancer, lung
adenocarcinoma [16], breast cancer in African
Americans [17], stomach, colon and esophagus
[18,19]. The aim of the study was to examine
the genotype frequencies of single nucleotide
polymorphisms (SNPs) of XRCC1 exon 10
among medical radiation workers.

2. MATERIALAND METHOD
2.1. Blood samples processing

Blood samples were obtained from 77 (39
male and 38 female, mean age 37.44 + 11.65)
radiation workers at several hospitals in
Indonesia. Genomic DNA was purified from
lymphocytes extracted from whole blood using
the QlAamp DNA Kit (Qiagen) according to
the manufacturer’s instructions. The obtained
DNA was stored at -20°C until used. An
informed consent was obtained from each
subject at the start of this study.

2.2. PCR-RFLP genotyping assays

Genotyping of XRCC1 exon 10 gene
polymorphism  was  performed using
Polymerase Chain Reaction-Restriction
Fragment Length Polymorphism (PCR-RFLP),
as described previously by Andreassi et al. [20]

with  the forward primer was 5’-
AGTAGTCTGCTGGCTCTGG-3" and the
reverse primer 5’-
TCTCCCTTGGTCTCCAACCT-3.The PCR

reactions were carried out with a denaturation
of 95°C for 3 minutes, followed by 30 cycles of
15 s at 95°C, 15 s at 60°C and 15 s at 72°C and
finally 1 minute at 72°C. Following
amplification, PCR products were digested
using 10 U of restriction enzyme Mspl
(BioLabs, Inc.) for 16 h at 37°C, and
electrophoresed on a 3% agarose gel. The wild
type GG genotype for codon 399 was
determined by the presence of two bands at 269
and 133 bp, the mutant heterozygous GA
genotype was determined by the presence of
three bands at 402, 269 and 133 bp, while the
mutant homozygous AA genotype was
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determined by the presence of the uncut 402 bp
band (indicative of the absence of the Mspl
cutting site).

2.3. Statistical Analysis

The statistical analysis of the data was
conducted with SPSS version 16.0 for
windows. Data was expressed as mean + SD.
Characteristics of the subjects were analyzed
by Mann-Whitney U test. Genotype and allele
frequencies were showed on frequencies
distribution table.
3. RESULT AND DISCUSSION

In  this  study, single  nucleotide
polymorphisms  (SNPs) of XRCC1 gene
Arg399GIn was investigated. The genotype
analysis of this SNPs of XRCCL1 gene, for medical
radiation workers from several hospitals in
Indonesia was performed using PCR-RFLP
method. The characteristic of subjects according to
age and gender data was displayed at Table 1.

a

Table 1. Characteristics of subjects

Character Subjects p value
Gender

a. Male 39

b. Female 38 0.909
Age 37.44 +£11.65 0.527
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Note: Data was reported as mean values + SD, the
mean difference is significant if p value
<0.05

This study was used 77 samples which
consisted of 39 male and 38 female. Statistically,
the characteristics of age and gender did not show
any differences among the subjects.

Figure 2. Results of genotyping for Arg399GIn
polymorphism of XRCC1 gene on 3%
electrophorese gel. GG (wildtype), GA (mutant
heterozygous), AA (mutant homozygous), M (DNA
ladder 100 bp).
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Based on Figure 1, GG genotype (wild type)
was showed with 269+133 bp fragment length, GA
genotype with 402+269+133 bp,AA genotype with
402 bp. Overall, the variant allele frequencies were
0.61 for XRCC1 399Arg (G allele) and 0.39 for
XRCC1 399GIn (A allele). All the genotypes
distributions were in Hardy-Weinberg equilibrium.
Several reports indicate that the variant alleles of
the repair polymorphisms examined may truly
affect DNA repair function. The Single Nucleotide
Polymorphism (SNPs) in the XRCC1 exon 10
gene resulted in the substitution of a base nitrogen
number 28152, Guanine (G) to Adenine (A) at
codon number 399, is resulting in amino acid
conversion from Arginine (CGG) into Glutamine
(CAG). This polymorphism is in the BRCT
domain which is very important to bind PARP-1.
PARP-1 will quickly bind the Single- Strand
Breaks (SSBs) and will be activated soon.
Activation of PARP-1 will increase DNA protein
accumulation in  damaged DNA.  This
polymorphism given will decrease the interaction
of PARP-1, so DNA repair proteins can’t work

properly [21].

Table 2. Genotype frequencies of XRCC1 gene
polymorphism

Subjects
n n=77
(%)
Genotype Codominant
GG 31 40.26
GA 32 41.56
AA 14 18.18
Dominant
GG 31 40.26
GA+AA 46 59.74
Recessive
GG+GA 63 81.82
AA 14 18.18
Allele
G 94 61.04
A 60 38.96

Several previous studies have shown different
results. Norjmaa et al. reported that patients with
Arg/GIn (mutant heterozygous) and GIn/GlIn
(mutant homozygous) genotypes are at greater risk
of Myelodysplastic Syndrome (MDS) than patients
with Arg/Arg (normal) genotypes [22]. Arg399GIn
genotype carrier variants have higher levels of
DNA adducts [23], greater risk of ionizing
sensitivity [13] and DNA damage associated with
smoking habits [24-26]. A meta-analysis study in
the Asian population shows that patients with
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399GIn alleles have a higher risk of breast cancer
(OR =1.54, 95% CI: 1.18-2.01) [27].

The radiation workers in this study, such as
radiographers, X-ray machine operators and
radiologists worked in installations using low-dose
ionizing radiation sources. These results in
susceptibility to DNA damage due to exposure to
ionizing radiation, especially DNA repair gene.
lonizing radiation is the one that has high energy
and is able to release ions that can break covalent
bonds, which in turn can damage the structure of
human DNA. Another result is the emergence of
ROS that can oxidize proteins and lipids, and
induce the formation of Single-Strand Breaks
(SSBs). All such damage can cause cell death [28].
lonizing radiation includes X-rays, gamma rays,
alpha, beta and neutron particles. The radiation
dose is measured by the amount of radiation
absorbed by 1 kg of tissue in Gray (Gy) [29].

The Nuclear Energy Regulatory Agency of
Indonesia arrange the average effective dose limit
value for radiation workers is 20 mSv per year
averaged over 5 years. It means that doses
accumulated for 5 years should not exceed 100
mSv. The average equivalent dose for eyepieces is
20 mSv per year, the average equivalent dose for
skin is 500 mSv per year and the equivalent dose
for the hand or foot is 500 mSv per year [30].

4. CONCLUSION

Individuals carrying a XRCC1 399GIn (A
allele) had lower frequency than 399Arg (0.39 vs.
0.61). Our results suggested that 39% of medical
radiation workers had a risk of repair efficiency of
DNA damage and might influence an individual's
risk of cancer. lonizing radiation induces many
types of damage to DNA, requiring multiple repair
pathways to restore genomics integrity. Other
important genes/pathways, especially those for
DNA double-strand break repair, might also play a
role and should be further investigated.
Furthermore, polymorphisms leading to inefficient
DNA repair might also be associated with late
reactions to radiotherapy.
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