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ABSTRACT 
 

Simple measurement of cytogenetic damage would be of great value for stud-
ying genetic risk factors, especially in radiotherapy for cancer patients. One cy-
togenetic technique that is easy and simple to quantify the damage caused by 
radiation exposure in cultured human lymphocytes is the micronucleus 
(MN). This research was conducted to study the induction of micronucleus 
(MN), Nucleoplasmic Bridge (NPB), and Nuclear Buds (NBUDs) in cancer pa-
tients after administration of fractionated radiation exposure total of 20 Gy. 
Peripheral blood lymphocyte samples obtained from eleven cancer patients 
as the study group and eleven from the healthy people as the control group 
were assessed. Both samples were then cultured and added cytochalasin-B to 
arrest cells during the cytokinesis stage. Its characteristics were observed in 
binucleated cells (BNC) with cytochalasin blocked micronuclei (CBMN) assay 
procedure. The number of MN, NPB, and NBUDs was evaluated per 1000 BNC 
for both the study group and control. The results showed that there was a 
statistically signif- icant difference (P <0.05) between the frequency of MN in 
the study group (82.18±39.93) compared to controls (13.18±4.94). Besides, 
the number of NPB and NBUD in the study group is relatively low. In conclu-
sion, the iden- tification of MN formation in peripheral blood lymphocytes of 
post-radiation cancer patients has other molecular mechanisms such as NPB 
and NBUD. Also, demographic factors such as age can influence the appear-
ance of MN, NPB, and NBUDs. 
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Introduction 

Genome instability and changes in the structure and number of chromosomes are significant 
alterations that lead to cancer (Iarmarcovai et al., 2008). The cellular process in multicellular or-
ganisms is a complex interaction to maintain genome stability and settle the state of cell homeosta-
sis and sustainable genetic inheritance. However, both endogenous and exogenous exposure to the 
genome affects structural transformation in the chromosomes, leading to dose and gene expres-
sion changes. Mutations in oncogenes, tumor suppressor genes, and other genes bound in genome 
maintenance could induce mutator phenotypes that upgrade the risk of achieving new transfor-
mations, including those linked to cancer (Bonassi et al., 2011; Keen- Kim et al., 2008). 

The susceptibility of individuals to cancer cells can be affected by several factors, including en-
vironmental exposure and genetic factors. Therefore, this difference in individuals' susceptibility 
is a challenge in quantitative cancer risk assessment and requires accurate testing and validation 
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of high-risk individual biomarkers. Cytogenetic biomarkers have proven to have a positive corre-
lation with cancer risk in humans, where chromosomal aberration is a relevant marker for cancer 
risk (Pardini et al., 2017). 

In recent decades, various types of in vitro and in vivo genotoxicity have been performed very 
well. Cytogenetic methods are essential for detecting DNA damage due to environmental exposure, 
chemical induction, and ionizing radiation (Sommer, 2020). Although different DNA damage repair 
systems process the DNA damage caused by IR, its improper repair can lead to cell death or the 
formation of mutagenic lesions of varying complexity (Ye et al., 2019). Ionizing radiation can cre-
ate various DNA damage forms, including increased frequency of chromosome aberrations and 
micronucleus (MN). One cytogenetic technique that is easy and simple to quantify the damage 
caused by radiation exposure in cultured human lymphocytes is MN (Fenecht et al., 1990). MN 
with the cytokinesis-block micronucleus (CBMN) assay is a superior, validated, standard technique 
for assessing radiation exposure in individuals exposed to ionizing radiation and determining ra-
diosensitivity of cancer susceptibility in vitro (Lusiyanti et al., 2016; Lusiyanti et al., 2017). Micro-
nuclei form during the cell's mitotic division and contain whole chromosomal or acentric chromo-
somal fragments that are not incorporated into the cell nucleus (Özdal et al., 2016). 

Several mechanisms can ensue in forming MN, such as nucleoplasmic bridges (NPB) and nu-
clear buds (NBUD). NPB initiated with the breaking of the double strand of DNA (DSB) in one 
chromosome. The formation of NPB occurs when the centromere of the dicentric chromatids 
moves towards the opposite poles during the anaphase process to form a long thread connecting 
the two nuclei. In contrast, the acentric chromatid fragments are left behind and create MN. Mean-
while, NBUD occurs due to chromosomal bridge damage during the telophase stage. NBUD is char-
acterized by having the same morphology as MN except that NBUD is connected to the nucleus by 
the nucleoplasm depending on budding location (Fenech et al., 2011; Lindberg et al., 2007). 

The present study was conducted to study the frequency of micronucleus (MN), Nucleoplasmic 
Bridge (NPB), and Nuclear Buds (NBUDs) in cancer patients after administration of fractionated 
radiation exposure of 20 Gy. 
 
Material and Methods 
Ethics 

The study was approved by the Ethics Committee Review Board at the National Health Re-
search Institute, Ministry of Health of the Republic of Indonesia in Jakarta with number 
LB.02.01/5.2.KE.051/2016 (dated January 29, 2016). Respondents have filled in informed consent 
and obtained explanations related to research procedures. 

 
Subject and blood sampling 

As the study group, eleven cancer patients had been given external radiation exposure with a 
fractionation dose of 20 Gy in the Radiology and Radiotherapy installation at dr. Soetomo Hospital, 
Surabaya, Indonesia. Meanwhile, the control group was eleven non-cancer participants who had 
never been exposed to ionizing radiation. Peripheral blood samples were taken by venipuncture 
using heparinized vacutainer tubes. Two vacutainer tubes were obtained from each sample. Blood 
samples were taken to the Molecular Radiobiology laboratory, Center for Technology of Radiation 
Safety and Metrology, National Nuclear Energy Agency, Jakarta for advanced analysis. 

 
Culture and harvesting for MN 

The MN procedure refers to the MN assay protocol of the International Atomic Energy Agency 
(IAEA) publication with minor modifications (IAEA, 2011). Whole blood samples were cultured 
for 72 h in an incubator at 37oC containing 5% CO2. The culture medium consisted of 4.5 mL of 
Rosewell Park Memorial Institute (RPMI) 1640 supplemented with 20% heat-inactivated fetal bo-
vine serum (FBS), 2% penicillin-streptomycin, 2% phytohemagglutinin (PHA). At 44 h incubated, 
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15 µL of Cytochalasin-B was added to the culture. The cells were then centrif- ugated for 10 mins 
at 800 rpm and resuspended in 7 mL of 0.075 M cold (4oC) KCl. Afterward, the cells were centrifu-
gated once more for eight minutes at 800 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 methanol: acetic acid (10:1) without Ringer's resolution un-
til the cell suspension was apparent. Fixed cells were dropped onto slides and then dried and 
stained with 4% Giemsa solution (pH 6,8) for 10 mins. The parameters of MN, NPB, and NBUD 
were determined at a magnification of 1000x for each sample. Specifically, for MN, variations in 
MN forms such as MN 1, MN 2, MN 3, MN 4, and MN 5 were also observed (Figure 1). 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Shapes of MN 1, MN 2, MN 3, MN 4, and MN 5 at 1000x magnification  

 
Statistical analysis 

The data were analyzed using IBM SPSS Statistics 24.0 software. The data analysis was contin-
ued by ANOVA following by an ad hoc test if the data were normally distributed. If, however, data 
were not normally distributed even after transformation, the nonparametric analysis was per-
formed. 

 
Results and Discussion 
Evaluation of MN 

In the study, the identification of MN frequencies was calculated by observing 1000 binucleate 
cells (BNC) for each sample, both study, and control groups. The results showed that the frequency 
of MN in the study group ranged from 44 to 183. Meanwhile, the control group ranged from 4 to 
21. Refers to the IAEA guidelines (2011), ordinary individuals have MN frequencies ranging from 
3 to 30 (IAEA, 2011). Statistical analysis showed a significant difference between the frequency of 
MN in the study group (82.18±39.93) compared to the control group (13.18±4.94) (Fig. 2). The 
data indicated that the frequency of MN in the study group is almost seven times higher than in the 
control group. A study conducted by Ozdal et al. (2016) concluded that cancer patients who were 
given radiation exposure would have a higher MN frequency than those without radiation. Be-
sides, an increase in the frequency of MN was closely related to the rise in the dose of exposure 
(Fenecht et al., 1990; Özdal et al., 2016). Theoretically, MN formation due to ionizing radiation 
ranges from less than 1 Gy to more than 4 Gy (IAEA, 2011). 
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Figure 2. Comparison of the frequency of MN in the study and control groups 

 
Suppose it is reviewed based on the distribution data of MN formation in the study group, as 

shown in Fig. 3. In that case, it shows that all patients have the most extensive distribution of MN 
in BNC containing MN 1, then followed by BNC containing MN 2. Meanwhile, not all patients have 
BNC containing MN 3, MN 4, and MN 5. The number of MN in each patient is closely related to the 
severity of chromosomal damage that occurs. Exposure to ionizing radiation will cause chromo-
somal abnormalities during anaphase and metaphase. The deviation applies especially to unstable 
chromosomes that will experience damage or mutation, which is also the leading cause of MN for-
mation (Sommer et al., 2020; Ye et al., 2019). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Distribution of MN per 1000 BNC in Study Group 

 
Factors that influence the formation of MN include age, gender, nutritional status, diet, lifestyle 

(smoking, alcohol consumption), genotype, and chronic illness (Battershill et al., 2008; Ye et al., 
2019). Besides, the phenomenon of varying MN frequencies is also caused by the immune re-
sponse and DNA repair ability for each individual to be different and depending on the type of 
cancer suffered (Özdal et al., 2016; Palyvoda et al., 2003). Based on the correlation test results be-
tween the frequency of MN and age in the study group (Fig. 4), it was stated that there was a very 
weak negative correlation (R2 = 0.0753) where the frequency of MN did not depend on the in-
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creasing age of the individual. The study contrasts with several previous studies that showed in-
creasing age would increase the frequency of MN (Battershill et al., 2008). As individuals age, there 
would be an increase in the number of mutations or chromosomal aberrations in MN formation 
caused by genomic instability. It is understood as a cytogenetic study that can be detected as an 
increase in the number of changes in chromosome structure. Genomic instability reflects a de-
creased ability of cells to repair DNA damage (Battershill et al., 2008; Fenech & Bonassi, 2011; 
Narendran et al., 2019). Therefore, further investigation is needed regarding MN frequency on 
age, especially in cancer patients who have been irradiated with a more representative sample 
size. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Correlation between age and MN formation in Study Group 

 
Evaluation of NPB and NBUD 

In addition to identifying MN formation, this study also examines the construction of a nucle-
oplasmic bridge (NPB) and nuclear buds (NBUDs). Fig.5 shows that cancer patients who have been 
exposed to external radiation with a fractionation of 20 Gy indicate that the number of NPB and 
NBUD is relatively low and not found in all patients. Apart from ionizing radiation, many factors 
cause the formation of NPB in blood cells, including polycyclic aromatic hydrocarbons, cigarette 
smoke, folate, and selenium deficiency (Fenech & Bonassi, 2011). Meanwhile, only a few NBUD 
phenomena were found during the observation, and this requires further research to determine 
the factors and mechanisms that occur with the molecular assay. NBUDs is less common than mi-
cronuclei in many cell types (Anbumani & Mohankumar, 2015; Lindberg et al., 2007). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. Mean frequency of NPB and NBUDs in Study Group 
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The association between the frequency of MN, NPB, and NBUD and the development of benign 
and malignant tumors has been reported in other studies. The report shows an increase in these 
biomarkers' frequency in patients with various types of lesions and healthy relatives of cancer 
patients (Fenech et al., 2011; Gashi et al., 2018). MN, NPB, and NBUD are nuclear anomalies com-
monly seen in cancer and represent general phenotypes of chromosomal instability. This event 
will cause changes in the dose of genes and the potential for cells to proliferate and mutate due to 
genetic plasticity and abnormal genotypes controlled by the homeostatic mechanisms. (Fenech & 
Bonassi, 2011). 

 
Conclusion 

Identifying MN formation in peripheral blood lymphocytes of post-radiation cancer patients 
has other molecular mechanisms such as NPB and NBUDs. Demographic factors such as age can 
influence the appearance of MN, NPB, and NBUDs. The data presented in this study are minimal. 
A larger sample is needed to obtain comprehensive results, especially to validate the correlation 
between age and the frequency of MN. 
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