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ABSTRACT

Benzopyrene is a polycyclic aromatic hydrocarbon (PAH) compound that can cause
transformation of normal cells into malignant. Benzopyrene enters the body and is
converted to benzopyrene-7,8-dihydrodiol-9,10-epoxide (BPDE), making it easier to bind
covalently with DNA, causing DNA mutation. Tumor suppressor gene p53, plays an
important role in cell cycle arrest at checkpoint phase and inducing apoptosis of cells that
have DNA damage. DNA mutation in tumor suppressor genes make cells immortal which
results in cell transformation and develops into malignancies. This research is a True
Experimental Laboratories with Posttest only control group design. 25 RattusNovergicus
were randomly divided into five groups including the control group (without benzopyrene
injection) and 4 treatment groups injected with benzopyrene each for 4 weeks (P1), 6
weeks (P2), 8 weeks (P3) and 10 weeks (P4). The transformation cells formed was
obtained by HE staining. Mutant p53 expression was obtained by Immunohistochemistry
process. Histopathological examination was performed using a 400x magnification light
microscope with 5 different visual fields. Therefore, the expression of mutant p53 was
calculated and analyzed statistically with the One Way Anova Test. Results of this study
showed that there was signifficance difference in mutant p53 expression of oral
transformed epithelium cell injected by benzopyrene (p=0.000) and highest expression was
at 10" week. So, it can be concluded that the mutant P53 expression of oral transformed
epithelium cells in rats was increased after injected by benzopyrene
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INTRODUCTION

Cell transformation is cell that is genetically unstable due to decreased activity of a Tumor
Supressor Gen (TSG) and deactivation of DNA repair pathways when cell develops
toward malignancies (Vascotto et al., 2016). Tumor suppressor gene plays a role in
controlling cell growth factors. Which includes tumor suppressor gene is retinoblastoma
protein (p-Rb) and protein 53 (p53) (Sudiana, 2011). The main role of p53 in the cell cycle
is surveillance, activating checkpoint control in the G1/S phase and G2/M phase, or
causing apoptosis (Kumar et al., 2015).

Mutation in TSG p53 is the most common mutation associated with cancer development
(Das, 2019). Many studies showed that up to 80% of human oral squamous cell
carcinomas harbor mutated p53 tumor suppressor genes. Such a high frequency of
mutation suggests an important role for this gene in carcinogenesis as a guardian of
genom, which may be represented by the so-called “premalignant” lesions and conditions.
At the cellular level, cancer development requires a series of processes involving gene
mutation and selection of cell that has the ability to proliferate rapidly, survive, invade, and
metastasis. The development of cancer begins when a cell that has a mutation starts to
multiply abnormally. Additional mutation is followed by selection of cell in the population
that has the ability to grow faster which result in the development of tumor towards into
malignancies (Cooper and Robert, 2013).

The development of malignancies is caused by many factors that originate from genetic
and environmental factors (radiation, chronic irritation, viruses and carcinogens) (Cooper,
2000). Carcinogen is chemical, biologic, and radiation that can cause cancer both in
experimental animal and in human. One chemical carcinogen can stimulate cancer
formation by causing DNA damage and inducing gene mutations ibenzo [a] pyrene
(Kumar et al., 2018).

Benzo(a)pyrene is commonly found in tobacco smoke. Furthermore, smoking is an
undisputed cause of 80-90% of lung cancer, and is involved in cancer of the oral cavity,
pharynx, larynx and esophagus. Besides being found in tobacco smoke, exhaust gas and
diesel engine, food that is burned with charcoal, and smoked meat or fish. Benzopyrene
which enters the body and is activated metabolically is known to cause cytotoxic,
teratogenic, genotoxic, mutagenic, and carcinogenic effects (Shi et al., 2011).
Benzopyrene (C20H12) is a combination of pyrene and phenylene. The two benzopyrene
isomer species are benzo [a] pyrene and what is rarely found is benzo [e] pyrene. The two
isomer species are included in polycyclic aromatic hydrocarbon compounds (Hummel et
al, 2018).

Polycyclic hydrocarbon compound is the most powerful carcinogens ever known. This
substance requires metabolic activation and can induce tumors in various tissues and
species. Benzopyrene is a highly reactive electrophile (has an electron deficient atom) and
can react with nucleophilic (electron rich) sites in cell, especially DNA (Kumar et al.,
2018). B(a)p has been widely used in in vivo carcinogenesis research in mice, rats and
hamsters as positive control. B[a]P causes DNA damage which stimulates the formation of
DNA mutation, cell transformation, carcinogenesis and or cell death. If applied to the skin,
this substance can cause skin cancer, if injected sub cutisally this substance will induce
sarcoma. If inserted into a particular organ, local cancer will occur (Kumar et al., 2015).
Therefore, the aim of this study was to determine the mutant P53 expression of oral
transformed epithelium cells in rats after injected by benzopyrene
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METHODS

This study has received ethical approval from the Ethics Committee of the Faculty of
Dentistry, UniversitasAirlangga, Surabaya. This research is a true experimental laboratory
with posttest only group design. The sample of this study was 5 Rattus norvegicus wistar
strains for each group calculated based on the Lemeshow formula. The criteria for the
sample of this study was the RattusNorvegicuswistar strain aged 2-3 months and weighing
around 160-200g which was kept in the same place and given the same food.

Rattus norvegicus in this study was obtained from the Biochemical Laboratory of the
Faculty of Medicine, UniversitasAirlangga, which was acclimated for 7 days by being put
into a cage with a size of 60 cm x 65 cm x 80 cm for 5 rats and placed in a room with
enough air and light so that not humid, far from noise and not exposed to direct sunlight.
Rats were given food and drink every day on an ad libitum basis, after that, a weight was
weighed to meet the sample criteria and then divided randomly into five groups namely the
control group (without benzopyrene induction) and 4 treatment groups namely P1
(benzopyrene injection for 4 weeks ), P2 (benzopyrene injection for 6 weeks), P3
(benzopyrene injection for 8 weeks), P4 (benzopyrene injection for 10 weeks).
Benzopyrene (Merck, Sigma Aldrich Pte. Ltd., St. Louis, USA) used in the form of solid
powder at a dose of 8 mg/kg dissolved in olivarumolium (Borges Olive Qil) in a ratio of
1:2. Giving benzopyrene is done by injection using a syringe with a depth of 2-3 mm in the
oral buccal mucosa of 0.07 ml 2 times a week for 4, 6.8, and 10 weeks.

At the end of the week, Rattus was sacrificed with ether inhaled. The next step, take tissue
in the area around the buccal mucosa which is clinically in the form of a tumor that
indicates carcinogenesis has occurred in the area using surgical scissors and blade. Tumors
are characterized as abnormal nodules on the buccal mucosa with a hard and immovable
consistency. The tissue is cut with a thickness of 2-3 mm, a length of 1 cm, width 0.5 cm
and a further fixation is performed in NBF 10% (Budhy, 2000) to be processed into
paraffin block. The paraffin block is then cut with a thickness of 4 p. and placed on a
microscope slide for HE staining and immunohistochemical processes (Bancroft, 2008).
Histopathological examination of the formed transform cell was determined by using the
"Hematoxyllin eosin™ (HE) staining technique. The presence of cell that has p53 gene
suppressor tumor mutation is examined by Immunohistochemistry staining using
monoclonal antibodies (Santa Cruz Biotechnology). Histopathological examination in this
research used an optical microscope (Leica DM750 with Leica ICC50HD optical camera,
by Leica Microsystem Europe) with 400x magnification at 5 different fields of view.
Mutant P53 expression is characterized by a brown color with a strong intensity in the
nucleus and cytoplasm.

A Shapiro-Wilk normality test was carried out to determine the distribution data of this
study, followed by a Levene’s variance homogeneity test. If the results showed normally
distributed data, a parametric One Way Anova test was subsequently performed. The
analysis was carried out using SPSS for Windows version 17.
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RESULTS

Figure 1. Histopathological picture of transformed cell formation in squamous
epithelial cell of the oral cavity in groups K,P1, P2, P3, P4

Figure 1 shows a histopathological picture of transformation cell resulting from the
Hematoxylin eosin staining. In group K, there were no transformed cell, squamous
epithelium of the normal oral cavity was characterized by uniform cell shape and size, no
change in the nucleus and cytoplasm ratio. In the P1 group, the number of macrophage and
vascular proliferation were increased, hyperkeratinization, but the cell shape and size was
normal, no hyperchromatic cell nucleus were found, the retepeg form is still normal. In the
P2 group, that has been injected by benzopyrene for 6 weeks, there were transformed cell
in squamous epithelium, blood vessel proliferation and the number of macrophage was
increased, the retepeg form is still normal. In the P3 group, which was injected with
benzopyrene for 8 weeks, there was enhancement cell transformation, hyperkeratization
and retepeg changes began to form. Cell begins to vary in shape and size and some
hyperchromatic cell were found.

The most transformation cell was found in the P4 group, after being injected with
benzopyrene for 10 weeks. In the P4 group squamous epithelial cell vary in shape and size,
hyperkeratinization, hyperchromatic nucleus, with non fused retepeg form. There was an
increase in basaloid cell proliferation, the formation of basal cell becomes irregular, an
increase in the ratio of nucleus and cytoplasm (n/c ratio).

To ensure DNA mutation in oral transformed cell, mutant p53 expression was checked.

The results of immunohistochemistry staining as shown in the picture below.
, ¢ % :

Figure 2. Immunohistochemistry staining of mutant p53 expression
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Positive mutant p53 gene expression is characterized by a brown nucleus and cytoplasm.
Figure 2 showed that the mutant p53 expression was not found in the control group.
Mutant p53 gene expression was found in the P1, P2, P3, and P4 groups, with the most
expression in the P4 group, namely the group injected with benzopyrene for 10 weeks.
From the results of SaphiroWilk test showed the data of this study were normally
distributed (p>0.05). Homogeneity variance test result shows that the levene data were
homogeneous (p>0.05). Therefore, the data were analyzed by using the One Way Anova
parametric test with result like the table below.

Table 1. The test result for One Way Anova Mutant p53 expression in epithelial cell
transforming the oral cavity

HSP 70 One Way

Group N prean+SD  ANOVA
K 5 0.0 + 0,002
P1 5 2.0+0.71°
P2 5 2.2+0.84°>  p=0.000
P3 5 3.8+ 1.64°
P4 5 4.8 +0.849

Note: the same supercriptabcd shows no significant differences between groups by using
the Least Significant Difference (LSD) test

Based on the result of One Way Anova test expression of mutant p53 gene in epithelial
cell transforming the oral cavity, there were significant differences between study groups
(p = 0.000), with the most significant difference being in the P4 group.

DISCUSSION

Based on the result of Hematoxyllin eosin staining in Figure 1, the most transformation
cell was formed at week 10, as the squamous epithelium of the oral cavity was injected
with benzopyrene. This is thought to be due to the ability of benzopyrene to cause
genotoxic and carcinogenic effects in the area injected with benzopyrene. (Shi et al.)
Exposure to benzopyrene can cause DNA damage, it is the most important process in the
process of cancer, where this process occurs in a long time along with the accumulation of
carcinogenic substances as the main cause of cancer (Hummel et al., 2018).

To confirm the mutation of gene in the oral epithelial cell, in this research, an
immunohistochemical examination of mutant p53 gene expression was performed. Protein
53, which is encoded by p-53, is a tumor suppressor gene (TSG) that plays an important
role in DNA repair, cell cycle termination, and apoptosis. Activation of normal p53 (wild
type p53) by agents that damage DNA causes the cell cycle to stop in G1 and DNA repair
begins, due to increase transcription of c21 cyclin dependent kinase inhibitors (CDK-21).
p53 also helps the repair process directly by inducing the GADDA45 (Growth arrest and
DNA damage) gene, which encodes a protein for DNA repair. If DNA repair is successful,
the cell can continue its cycle. However, if it fails, apoptosis will occur due to the
activation of the BAX gene by p53.

Based on the figure 2, the lowest mutant p53 gene expression was found in the
benzopyrene injected group for 4 weeks. The low expression of mutant p53 genes in this
group is suspected because at the beginning of the week after injection, there was the
ability of DNA repair gene in repairing cell damage that occurs. Physiologically, there is a
system in the cell that regulates the composition of nucleotides in DNA chains that
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undergo mutations, called DNA repair. When DNA damage occurs due to exposure to
carcinogens, a cell response will appear called NER (Nucleotide Excision Repair) to repair
damaged DNA structures through the stages of damage recognition, incision, excision,
syntesis repair and ligation. (Sudiana, 2011). According to Irmawati et al. (2018), at the
beginning of the week after the injection of benzopyrene, gene mutation that occurs
stimulate the activity of the GADD45 gene which plays a role in the NER pathway by
interacting with Proliferating Cell Nuclear Antigen (PCNA) to help the DNA repair
process. GADDA45 expression is known to increase along with the longer cell exposed to
benzopyrene

Table 1 shows that the P4 group injected with benzopyrene for 10 weeks explained the
most significant increase in mutant p53 gene expression. This may be due to the longer
administration of benzopyrene injection causing an imbalance between DNA damage and
the DNA repair process. Benzopyrene entering the body is first oxidized by the
cytochrome P4501A1 (CYP1A1) enzyme, producing several products, one of which is
benzo(a)pyrene-7,8 epoxide which is then metabolized by benzopyrene-7,8 dihydrodiol,
and converted to benzopyrene-7,8 dihydrodiol-9,10 epoxide (BPDE) with the help of the
CYP1A1 enzyme. It is BPDE that will bind covalently to DNA, which in turn can cause
DNA mutation (Jiang et al., 2007). Increasing the amount of carcinogen which absorbed
by mucosal epithelial cells will increase the risk of tumor supressor gen mutation. The
gene mutations can indicate whether changes in malignant epithelial cells of the oral
mucosa have been initiated. Similarly, in this study, the increased expression of mutant
p53 due to benzopyrene injection shows that gene mutations can normally affect the cell
cycle and initiate the risk of malignancy (Angriany et al.,2019).

In cell that has mutation in the tumor suppressor gene p53, DNA damage that occurs does
not trigger the cell cycle arrest or DNA repair. Thus, genetically damaged cell will
continue to proliferate and stimulate normal cell transformation into malignancies
development. This is because the mutant p53 formed is inactive, so it does not trigger the
formation of p21. The low level of p21 causes Cyclin dependent kinase not to be inhibited,
so the cycle of cell division that is damaged by DNA continues. On the other hand, the p53
mutation does not trigger the activity of the pro apoptotic BAX gene which ultimately
causes the cell to not be able to be adopted (Sudiana, 2011). If homozygous loss of p53
occurs, DNA damage will continue without repair, mutation becomes permanent in cell
that divides and cell moves towards one way paths to achieve malignant transformation
(Kumar et al., 2018).

CONCLUSION

Therefore, it can be concluded that there was an increase in the expression of mutant p53
gene in oral transformed epithelium cell after being injected by benzopyrene where the
expression was most abundant in the P4 group, which has been injected with benzopyrene
for 10 weeks.
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