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Abstract.On somatic cells, the hepatitis B virus (HBV) and the hepatitis C virus (HCV) are mutagenic. HBV
and HCV may be causing these mutagenesis effects via integrating into host DNA or by viral proteins. The
purpose of this research was to investigate if HBV and HCV had a genotoxic effect on renal epithelial cells'
DNA. A total of 145 samples were taken from participants between the periods of 5 \1 2020 and 15\9 2021.
(40 healthy controls, HBV 38, 44 HCV, and HCC 23) were used to perform cytogenetic analysis in renal
epithelial cells using the micronucleus (MNi) test and comet assay. For the comet experiment, 100 cells
were examined for each participant. A total of 100 cells were examined, with MNi scores assigned to each
participant. The frequency of MNi was found to be considerably greater in the HBV, HCV, and HCC patient
groups than in the control group. There was no significant difference in MNi scores between the HBV, HCV,
and HCC patient groups, however there was a significant difference between the study groups and healthy
carriers. In conclusion: due to their levels of DNA damage and MNi, chronic HBV, HCV, and HCC patients
are afflicted by genomic instability much like other patients.
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Introduction

Although other risk factors such as alcohol intake or metabolic liver illnesses can cause liver inflammation,
viral infections remain the most common cause of chronic liver disease globally. Hepatitis B, C, and D
viruses can cause chronic infection; more than 90% of neonates infected with Hepatitis B Virus (HBV)
develop chronic hepatitis, whereas less than 10% of adults do [1]. Chronic hepatitis B and C infections
cause 1.3 million fatalities per year due to the rapid advancement of chronic hepatitis to cirrhosis and the
development of liver tumors [2].HBV and HCV infections can lead to the development and progression of
liver disease, which can range in severity from minor lesions in the parenchyma liver cells to severe
fibrosis, cirrhosis, and hepatocellular carcinoma (HCC), which is a major problem associated with HBV and
HCV infection[3]. HBV and HCV may promote mutagenic cellular processes such as the integration of the
HBV genome into the host DNA and the generation of oxidative stress as a result of the immune response
[4]. HBV infects an estimated 35 million people worldwide and is the ninth leading cause of death.
Cirrhosis, liver failure necessitating transplantation, and hepatocellular carcinoma (HCC) are only a few of
the major clinical implications of HBV infection [5]. HBV and HCV play a complicated and controversial role
in liver carcinogenesis via direct and indirect mechanisms. A cis-acting mechanism can activate cellular
genes when HBV DNA sequences are integrated into the genome of the host cell. In the micronucleus test
(MNi), cytogenetic examination of micronuclei and binucleated cells can be used to determine
genotoxicity effects of a substance [6]. During cellular division, MNi is a tiny isolated portion of the
nucleus that forms. MNi is formed from chromosomal fragments in interphasic cells. The MNi are
cytoplasmic entities that are 20-30% the size of a nucleus and have the same nucleus staining. The
frequency of cells containing MNi varies from 0% to 0.9 percent in general. Any chromosomal changes
that result in an increase in MNi count. The degree of carcinogenic effect has been linked to the number
of MNi [7]. Comet assay, also known as Single-Cell Gel Electrophoresis (SCGE), is another cytogenetic
analysis. It is a simple and sensitive technique for assessing genotoxicity by quantifying the amount of
damaged DNA caused in individual cells. SCGE is also used to identify damaged DNA in fish, clams,
shellfish, and mussels, which is an essential approach for monitoring the health of aquatic creatures[8]. In
this investigation, we employed MNi scoring and the comet test to compare the induction of host DNA in
the renal epithelial cells of patients infected with HBV, HCV, or HCC to healthy control persons.
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Materials and Methods

Sampling

At the periods of 51 2020 and 159 2021, 145 samples were taken from subjects (73 females and 72 men). 40
healthy controls, HBV 38, 44 HCV, and HCC 23 are among the samples that have been clinically identified as
having symptoms by expert physicians. Their ages range from 16 to 79 years old.

Micronucleus assay in renal epithelial cells

The collection and testing of cytogenetic materials followed biosafety protocols[9]. A midstream clean catch
urine sample collects from the second voids of the day was requested from the individuals. The participants
were asked to drinking one glass of water every 30 minutes, for three hours before the void, in order to
increase the amount of urinary desquamated urothelial cells, also asked, to wash extensively their urethral
area thoroughly with tap water and to discharged the first portion of the urine stream into the toilet. Then, the
midstream urine sample was collected in sterile containers. These techniques were used to limit the
contamination of urine with squamous cells, as well as with the microbial contamination of urine in both males
and females. Midstream urine sample was analyzed within two hours. Total volume of voided samples varied
from 50 ml and 250 ml; many trials were done to get the best sample volume for both sexes. After collection,
urine samples were centrifuged at 2000 rpm for 10 min in centrifuge tube. Then, the supernatant was
discarded carefully and resuspended the pellet and transferred to another centrifuge tube. A second
centrifugation process was performed at 2000 rpm for 10 min. The supernatant was again discarded, The
pellet was washed with 10 ml sterile PBS and centrifuged at 2000 rpm for 10 min. After a second wash, the
final pellet was resuspended in 1.0 ml PBS. The final volumes obtained after cell isolation for both sexes
samples 0.2 - 1 ml. After that, the slides were fixed with 100 percent methanol and left to air dry before being
stained with May Granwald-Gemsa stain.

Scoring

Under a light microscope with a 40x objective magnification, the MNi form was selected and counted
according to the procedures previously published by Thomas et al. [10]. We counted 100 cells and looked for
MNi and nuclear abnormalities.

Evaluation of DNA damage in renal epithelial cells by comet assay

The following steps were used to carry out this test according to Trevigen protocol guidelines. The Lysis
Solution was made and then chilled for at least 20 minutes at 4°C. Then, at 37°C, combine cells at 1 x 105 /ml
with molten LMA agarose and pipette 50 ul onto CometSlideTM. To achieve total coverage of the sample area,
use the side of the pipette tip to disperse agarose/cells across the region. After that, place the slides flat in the
refrigerator for 10 minutes at 4°C with the dark field. In high humidity settings, increasing the gelling time to
30 minutes enhances sample adhesion. Then, for 30-60 minutes, immersed slides in 4°C Lysis Solution and
drained excess buffer from CometSlideTM.

CometSlideTM was placed in freshly produced Alkaline Unwinding Solution, pH>13, for 1 hour in the dark at
4°C. Place slides in electrophoresis slide tray as slide label near to black cathode and cover with Slide Tray
Overlay after adding Alkaline Electrophoresis Solution. The power source was then set to 21 volts and the
voltage was applied for 30 minutes. Excess electrophoresis solution was gently drained, and the samples were
gently submerged in D.W. twice for 5 minutes each, then in 70% alcohol (Ethanol) for 5 minutes. The samples
were dried for 10-15 minutes at 37°C. At this point, samples can be kept at room temperature or scored. The
CometSlideTM was stained with 80L 1X Ethidium Bromide, then dipped in cold distilled water to remove the
excess stain. The slides are then scored immediately away. The DNA damage was assessed using a
fluorescence microscope with a 40X lens and a digital camera to read the slides. The analytic technique was
used on four comet photos, with 50 cells picked at random as 25 cells each slide. The quantity of migration per
cell, the number of moved cells, and the migration extension between injured cells were all compared.

Viability assay

To establish the quantity of the test material that yields at least 90% viability, a viability experiment should be
performed. This was accomplished by combining 10 | of 106 cells/ml in a microcentrifuge tube with 5 pl of
trypan blue. After standing for at least two minutes, place on a slide and cover with a cover slip. Score 100 cells
and keep track of how many are alive (shiny) and how many are dead (blue).
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Statistical analysis

The data was analyzed using a one-way ANOVA. Duncan's unique multiple range test was used to overcome
the variation between means as meansSD. For all statistical research, the statistical tool SPSS 26.0 was
employed (SPSS Ltd., Surrey, UK).

Results

Results of Micronucleus test in renal epithelial cells Table (1) shown the results of mn in renal epithelial cells
among groups of HBV patients, HCV patients, and HCC patients groups compared to healthy controls. The
results revealed that the highest mn were in patients with HCV (3.77+0.155) followed by HBV patients and HCC
patients as (3.47+0.155, 3.04+0.155) respectively, compared to the healthy control group (0.23+0.423).
Compare the healthy control group, The results of BN was showed that the HBV patients, HCV patients, and
HCC patients groups were lower (0.26+0.049, 0.27+0.049, and 0.22+0.049) respectively than healthy controls
group (0.48+0.847). See table (1). with PN, the results showed that the PN in the healthy controls was lower
(0.55+0.783) than in the HBV patients' group, and HCV patients' group as (2.92+0.124, 2.89+0.124) respectively
whilst it was higher than HCC patient group (0.13+0.124). Same with KR, The results revealed that the KR was
lower in the healthy controls (3.53+1.219) than in the HBV patients group, and HCV patients group,
(4.11+0.086, 4.09+0.086) respectively whilst it was higher than HCC patient group (3.00+£0.086). Furthermore,
The results showed that the KL was higher in the healthy controls (1.67+£0.944) than in the HBV patients' group
(1.50+0.107) while it was lower than HCV patients' group and HCC patients' group (1.95+0.107, 2.61+0.107)
respectively. See table(1).

Table 1: Micronucleus assay in oral epithelial cells among study groups

Parameters Total BN PN KR KL DIF
mn

Study groups
Healthy Mean 0.23 0.48 0.55 3.53 1.67 93.55
controls Std. 0.423 0.847 0.783 1.219 0.944 2.438

Deviation
No. 40 40 40 40 40 40
HBV Mean 3.47* 0.26 2.92* 4.11 1.50 87.74
patients | siq Error 0.155 0.049 0.124 0.086 0.107 0.305
No. 38 38 38 38 38 38
Hev Mean 3.77* 0.27 2.89* 4.09 1.95 87.02
patients | sty Error 0.155 0.049 0.124 0.086 0.107 0.305
No. 44 44 44 44 44 44
Hce Mean 3.04* 0.22 0.13 3.00 2.61 91.00
patients | siq Error 0.155 0.049 0.124 0.086 0.107 0.305
No. 23 23 23 23 23 23

* mean difference is significant at 0.05 level (t-Test), S.E: standard error, Total mn: Total Micronucleus, BN:
Binucleated, PN: Pyknotic nucleus, KR:Karyorrhexis, KL:Karyolytic cell, DIF: Normal differentiated cell

Figure 1. showed the results of total mn in renal epithelial cells among HBV, HCV, and HCC patient
groups compared to healthy controls. The results revealed that the total mn in HBV, HCV, and HCC patient
groups were higher in females more than males whilst the results of total mn in healthy controls was higher in
males more than females (Figure 1).
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Figure 1: The main of Total mn in renal epithelial cells in study groups according to gender

Table 2: Total mn in renal epithelial cells in study groups according to age groups

Study groups Healthy controls HBV patients
Statistical parameters | Mean Std. No. Mean Std. Error No.
Deviation
Age groups (Years)
10-20 0.27 0.467 11 - - -
20-30 0.11 0.323 18 3.73* 0.263 11
30-40 0.40 0.548 5 3.38* 0.286 13
40-50 0.50 0.707 2 3.50* 0.368 8
50-60 0.33 0.577 3 1.00 0.510
60-70 0.00 0.00 1 3.60* 0.510 5
70-80 - - - - - -
Total 0.23 0.423 40 3.47* 0.155 38
Study groups HCV Patients HCC patients
Statistical Mean | Std. Error No. Mean Std. Error No.
parameters
Age groups (Years)
10-20 3.50* 0.490 2 - - -
20-30 3.69* 0.263 16 - - -
30-40 3.81%* 0.286 16 2.50* 0.286 4
40-50 4.20* 0.368 5 2.75%* 0.368 8
50-60 4.33* 0.510 3 3.00* 0.510 5
60-70 2.50%* 0.510 2 4.00* 0.510 4
70-80 - - - 3.50* 1.249 2
Total 3.77* 0.155 44 3.04* 0.155 23
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The results of mn in renal epithelial cells among HBV, HCV, HCC and healthy controls according to age
groups were summarizes in Table 4-4. The results revealed a significantly higher mean of mn in group of HBV
patients with age group 20-30 years (3.73+0.263) followed by age group 60-70 years, and 40-50 years
(3.60+0.510, 3.50+0.368) respectively. while the lower mean of mn was showed with age group 50-60 years as
(1.00+0.510). see Table 2. With HCV patient group, the results showed the highest mean of mn with age 50-60
years was (4.33+0.510) followed by age group 40-50 years, 30-40 years (4.20+0.368, 3.81+0.286) respectively.
whilst the lower mean of mn was revealed with age group 60-70 years (2.50£0.510) compared to healthy
controls (Table 2). In HCC patient group, the results that showed the mean of mn was highest with age groups
(60-70 years (4.00£0.510) followed by age group 70-80 years, 50-60 years (3.50+1.249, 3.00+ 0.510)
respectively. whilst the lower mean of mn was showed with age group 30-40 years (2.50+ 0.286)
compared to healthy controls (Table 2). Additionally, the statistical significance of mn test estimated in renal
epithelial cells among all groups under study and healthy controls were compatible with clinical significances
and showed clinical significances at (p < 0.05).

* mean difference is significant at 0.05 level (t-Test), S.E: standard error, Total mn: Total Micronucleus.

Results of Comet assay in oral epithelial cells

The results of comet assay as for total cells with DNA damage in renal epithelial cells among the study
groups were shown in figure (2). The present study revealed that the TCWD was higher in the HCC patient
group followed by HBV patient group. While the lower level of TCWD was shown in the HCV patient group
compared to the healthy control group (Figure 2). On the other side, the results of the level of total DNA
damage in renal epithelial cells were shown in figure (2). the results showed that the level of TD was higher in
the HCC patient group followed by the HBV patient group, while the lower level of TD was shown in the HCV
patient group compared to healthy controls group (Figure 2).
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Healthy HBV HCV HCC
Controls
B TCWD 1.15 2.87 2.86 8.13

Different letters indicate that there are significant differences at the P< 0.05 (t-Test).
Similar letters indicate that there are none-significant differences at the P< 0.05 (t-Test).
Figure 2: Total cells with DNA damage of renal epithelial cells among study groups

The figure (3) shows the results of comet assay as for total cell with DNA damage in renal epithelial cells
among HBV, HCV, and HCC patient groups compared to healthy controls according to gender. The results
revealed that the TCWD in HBV, and HCC patient groups were higher in males more than females. In contrast,
the results of TCWD in HCV patient group were higher in females than in males (Figure 3).
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Figure 3: Total cells with DNA damage of renal epithelial cells among study groups according gender

Table (3) summarizes the results of the comet assay as for total cells with DNA damage in renal
epithelial cells among HBV, HCV, HCC, and healthy controls according to age groups. The results showed a
significantly higher mean of TCWD in the group of HBV patients with an age group of 60-70 years (4.40 +0.598)
followed by the age groups of 30-40 years, and 50-60 years (3.46+0.336, 3.00+0.598) respectively. while the
lower mean of TCWD was shown with the age group of 20-30 years as (2.00+0.309) (Table 3). With the HCV
patient group, the present study showed the highest mean of TCWD at age 60-70 years was (5.00+0.598)
followed by the age groups 50-60 years, 40-50 years (4.67+0.598; 3.60+0.432) respectively. while the lower
mean of TCWD has been shown with age group of 20-30 years (2.31+0.309) compared to healthy controls
group (Table 3). Also, the results showed the mean of TCWD in the HCC patient group was higher in the age
groups of 70-80 years (11.50+1.464) followed by the age groups 60-70 years and 50-60 years (7.80+0.598;
9.00+0.598) respectively. While the age group of 30-40 years had a lower mean of TCWD (7.25+ 0.336) when
compared to healthy controls (Table 3). Additionally, the statistical significance of TCWD evaluated in renal
epithelial cells among the HBV, HCV, and HCC groups and the healthy controls groups were compatible with
clinical significance and showed clinical significance at (p < 0.05).
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Table 3: Total cells with DNA damage of renal epithelial cells in study groups according to age groups

Study groups Healthy controls HBYV patients
Statistical | Mean Std. No. Mean | Std. Error | No.
parameters Deviatio
n
Age groups (Years)
10-20 1.36 0.505 11 - - -
20-30 1.00 0.767 18 2.00* 0.309 11
30-40 1.20 0.447 5 3.46* 0.336 13
40-50 1.00 0.000 2 2.13* 0.432 8
50-60 1.33 0.577 3 3.00* 0.598 1
60-70 1.00 1 4.40* 0.598 5
70-80 - - - - - -
Total 1.15 0.622 40 2.87* 0.270 38
Study groups HCV Patients HCC patients
Statistical
parameters Mean | Std. Error | No. Mean | Std. Error | No.
Age groups (Years)
10-20 2.50* 0.074 2 - - -
20-30 2.31* 0.309 16 - - -
30-40 2.63* 0.336 16 7.25* 0.336 4
40-50 3.60* 0.432 5 7.50* 0.432 8
50-60 4.67* 0.598 3 7.80* 0.598 5
60-70 5.00* 0.598 2 9.00* 0.598 4
70-80 - - - 11.50 1.464 2
*
Total 2.86* 0.270 44 8.13* 0.270 23

* Mean difference is significant at 0.05 level (t-Test), S.E: standard error

Discussion

HBV and HCV chronic infections are characterized by highly mutagenic cellular processes such as
increased oxidative stress and viral integration into the host cell's DNA [4]. Cell death can be caused by a
variety of chemical, physical, and biological causes. There is, however, a class of substances that do not
necessarily kill cells, but potentially alter their genetic information. Such factors are referred to as genotoxins.
Although many efficient techniques to repair DNA damage have been identified, they occasionally fail, which
can lead to damage fixing if the injured cell survives and, if the damaged cell multiplies, to its transmission to
subsequent generations. So, the presence of micronuclei (MNi) and nuclear abnormalities (NA) are widely used
biomarkers; the detection of MN and NA provides a valuable opportunity to monitor individuals or populations
who have been exposed to mutagenic, genotoxic, or teratogenic events, with a focus on the presence of
micronucleogenic cells in epithelial tissues such as renal epithelial cells. Furthermore, these indicators can be
used to assess chromosomal instability and gene amplification (through nuclear buds), cytokinesis arrest owing
to aneuploidy (by binucleated cells), and other cell death events (e.g., karyorrhectic and pyknotic cells). MN
detecting may also be used to explain the protective effects against genotoxicity brought on by lifestyle
modifications and/or supplement consumption [11]. Some cells may be trapped at a binucleated stage or show
nuclear buds (sometimes called "broken eggs" in buccal cells), a biomarker of gene amplification. These
indicators of genome damage (e.g., mn, nuclear buds) and cell death (e.g., apoptosis, karyolysis) may be seen
in both lymphocytes and buccal cells, providing a more thorough evaluation of genome damage than MN
alone in the context of cytotoxicity and cytostatic effects [12].
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According to some research, viral hepatitis has mutagenic effects on somatic cells. The viral hepatitis
genome can integrate into the host genome in a variety of ways, causing chromosomal instability [13]. These
viral DNA integrations are directed not only at the genomes of the host hepatocytes, but also at the genomes
of other viruses-carrying cells, such as blood cells. Integrations promote genetic recombination and, in
particular, hepatocellular carcinogenesis [14, 15]. HBV infection has been shown in recent research to produce
genetic alterations in somatic cells, such as hepatocytes and blood cells, as evidenced by increased
chromosomal breakage [13]. These were hepatocyte and cancer cell line studies [16].

MNi frequency in our study was significantly higher in females with HCC than in males, and this finding
did not differ from other studies that found MNi frequency was significantly higher in women than men in
cancer patients, and this finding did not differ across cancer stages [17]. Many research include the age and
gender of the participants, but only a small percentage of these studies were able to find a statistically
significant influence by gender or age. Men had a higher mn frequency of buccal cells in two of the studies
than women [18, 19]. Humans in today's world are exposed to a variety of genotoxic substances found in the
contaminated environment.

Aging is a significant factor in the development of the significant nuclear abnormalities known as
micronucleus[20]. The findings of our study indicated that mn frequency increased with increasing age over 50
years among the study groups compared to healthy controls. This finding was acceptable with previous
studies, which found that age is an additive factor in increased MN frequency in those above the age of 50
years. The frequency of mn increased with age, increasing in older women above 40 years [21]. An increase in
the frequency of chromosomal breakage was linked to higher chromosome instability in the aged of people,
however Orta and Giinebakan found that the increase in the frequency of micronuclei was initially detected up
to 50 years of age, and then decreased with more increasing of age [20]. The frequency of mn and breaking is
affected by age, alcohol use, and smoking habits [22]. The age and smoking habits of HBV, HCV, HCC patients,
and the control groups are evenly distributed in this study.

The current research showed a relationship between DNA damage, HBV, HCV, and clinically developed
HCC. There are just a few clinical experiments that have investigated into whether increased DNA damage in
renal epithelial cells is related to chronic viral hepatitis or HCC in patients, and the results are mixed. Although
many laboratory findings in HBV transgenic mice show a link between the development of HCC and oxidative
DNA damage, human evidence is limited. According to Cardin et al., oxidative DNA damage is correlated to the
severity of HCV-related liver cancer [23]. On the other hand, Reshetnyak et al. do not support this hypothesis
in chronic HCV or HBV infections[24]. Although DNA damage has been associated to the severity of HCV-
related liver disorder, no comparable data exists for HBV-related liver cancer . Notwithstanding the fact that
DNA damage has been linked to the severity of HCV-related liver damage, there is no comparable data for
HBV-related liver cancer [24].

In the present study, the results showed logical elevation of DNA damage with increasing the severity of
viral hepatitis infection. These results were comparable with previous studies. Given that HCV infection both
cause DNA damage, it is reasonable to predict that HCV subjects will have considerably more DNA damage
than non HCV subjects [25, 26]. As a result, it's suggests that a lower HCV viral load is one of the mechanisms
limiting future increases in DNA damage in HCV patients. As a result, no evidence indicating an extra increase
in DNA damage among HCV subjects has been found, confirming our findings. Despite the fact that the
incidence of liver cancer among HCV subjects has been reported to be 4.3 %, which is significantly higher than
the incidence of liver cancer among non HCV subjects, it appears to be comparable to the reported incidence
of liver cancer among HCV subjects without renal disease [27].

In the present study, the incidences of DNA single-strand breaks by comet assay in renal epithelial cells
from patients with B and C viruses and from patients with HCC related to was examined. Bio-monitoring and
nutritional research investigating at DNA damage would benefit greatly from an epithelial-based comet assay
cell model employing cells that can be obtained readily and safely from human participants. Buccal cells have
been employed in three comet test results that have been published thus date [28]. Two research have
demonstrated the existence of substantial DNA damage in epithelial cells of people with chronic HCV infection,
as measured by the 8-hydroxyguanosine content, and showed that it is associated with that of liver tissue and
greater than in HBV patients [23]. In a previous research [29], DNA damage levels considerably greater than in
healthy individuals were discovered in epithelial cells of patients with chronic hepatitis C and HBV-related
cirrhosis using the alkaline comet test. In a fourth research, however, any increase in the frequency of DNA
single-strand breaks and alkali labile sites in cells from chronic hepatitis B or C patients was shown to be
missing [30].
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Gender, age, and nutrition all impact Comet test responses in lymphocytes when assessing human
genotoxicity [31]. Males in a healthy Indian population had greater levels of baseline DNA damage than
females, according to a prior study [31]. Smoking, a non-vegetarian diet, and age all contributed to an increase
in DNA damage in males [32]. Males have a greater amount of DNA damage in lymphocytes than females,
according to studies in Italian [33]and Chinese populations [34], and smoking is linked to increased Comet
assay responses. Increased DNA damage in lymphocytes is also linked to aging [32].

The increased levels of DNA damage in HCC hint to the possibility of using DNA damage for therapeutic
applications in cancer. Because there are no effective curative therapies for HCC, it is critical to avoid
hepatocarcinogenesis at an early stage. Antiviral treatment may be able to largely eradicate HCV's cancer-
promoting effects. Regrettably, clinical evidence indicates that treatment effectiveness is still limited. Novel
therapies for avoiding DNA damage and enhancing the biological capacity for DNA damage repair might open
up new options for prevention.
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