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ABSTRACT

Objective: The purpose of this investigative research was to investigate
the potential impact of a single nucleotide polymorphism (Asp148Glu)
within the APE1 gene on the development of bladder cancer (BCa) and
spread, and to investigate the interaction of this polymorphism with
cigarette smoking in BCa patients.

Materials and Methods: In a study of 256 participants, consisting of 136
healthy individuals and 120 patients with BCa, the APE1l Asp148Glu
polymorphism was evaluated using “polymerase chain reaction restriction-
fragment length polymorphism” analysis.

Results: There were no noteworthy difference variations observed in
genotype distribution between the group of individuals with BCa and the
control group with regards to the APE1 gene polymorphism. Furthermore,
the APE1 gene polymorphism exhibited no correlation with the
clinicopathological characteristics or smoking habits of individuals with
BCa.

Conclusion: Based on our findings, it appears that the APE1 gene
polymorphism, which plays a role in the BER pathway, does not appear to
be a contributing factor in susceptibility to BCa in the Turkish population.
In addition, the smoking habit may not modify BCa risk with respect to
genetic variations in the APE1 gene.
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Amag: Calismamizda, APE1 (Asp148Glu) gen polimorfizmi ile mesane
kanseri olusumu ve gelisimi arasindaki iligkiyi arastirmayr amagladik.
Ayrica, mesane kanserinde sigara kullanimi ile APE 1 gen polimorfizmi
arasindaki iligkiyi degerlendirmeyi planladik.

Gereg ve yontem: Calismamizda histopatolojik ve klinik agidan mesane
kanseri tanisi konan hastalar (n=120) ve saglikli normal kisiler (n=136) yer
aldi. GCalisma grubundaki kisilerden elde edilen DNA’lardan Apirinik/
Aprimidinik EndonUkleaz 1 (APE1) gen polimorfizmi i¢in polimeraz zincir
reaksiyonu (PZR), sinirlayici enzim parga uzunlugu polimorfizmi (RFLP)
teknikleri kullanild.

Bulgular: APE1 gen polimorfizminde genotip ve allel sikligi incelendiginde
mesane kanseri ve kontrol grubu arasinda anlamli farklilk bulunmamakta-
dir. ilaveten, yiiksek grade, ileri evre ve sigara kullanimi bakimindan da
incelendiginde anlamli bir faklilik bulunmamaktadir.

Sonug: APE 1 gen polimorfizminin mesane kanseri olusumunda ve gelisi-
minde bir risk igermedigini ayrica, sigara kullaniminin APE Asp148Glu gen
polimorfizminde etkili olmadigini ileri strebiliriz.

Anahtar Kelimeler: APE1, polimorfizm, baz kesip ¢ikarma onarimi, mesane
kanseri
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INTRODUCTION

Bladder cancer (BCa) is the most commonly diagnosed tumor
in the urinary tract and the fourth overall among all male ne-
oplastic diseases (1, 2). Currently, about two million people in
the world are struggling with this disease (3). Due to the efforts
made in the field of cancer prevention and treatment, the de-
ath rate from BCa has decreased significantly over the past few
years in many countries, especially in developing countries (4).

In the development of BCa, both environmental factors, inc-
luding smoking, which is responsible for generating reactive
oxygen species (ROS), and genetic factors are involved (5). Free
oxygen radicals harm DNA and cause changes in the capacity
of DNA repair systems, leading to the appearance of malignant
tumors (6). To cope with oxidative DNA damage, the human
body employs five distinct repairing DNA mechanisms: direct
reversal, double-strand break repair mismatch repair, nucleo-
tide excision repair (NER), and base excision repair (BER), (7,
9). The BER pathway that is in charge of making repairing the
damage to DNA induced by oxidation and alkylation, that “apu-
rinic/apyrimidinic endonuclease 1” (APE1) is a main enzyme
in BER (7). Additionally, it participates in the redox control of
transcription factors in cells and is commonly referred to as
redox factor-1. (APE1/Ref-1) (8).

The APE1 gene is situated in the genomic region of chromoso-
me 14911.2—q12. The Asp148Glu polymorphism, which occurs
due to T to G substitution at codon 148 in exon 5 of the APE1
gene, the outcome is the exchange of glutamate for an aspar-
tate amino acid (10). Several reports found that many cancers,
involving cancers such as prostate and colorectal cancer while
other reports did not find any association with nasopharyngeal
cancer or even showed a significant protective effect against
BCa have been linked to Glu/Glu genotype of the APE1 Asp-
148Glu polymorphism as having an elevated risk (11, 13, 14).
Therefore, the current research examined the potential impact
of the APE1 Asp148Glu gene polymorphism on the develop-
ment and advancement of BCa within a Turkish population.

MATERIALS and METHODS

Between 2012 and 2022, the Istanbul Faculty of Medicine, Uro-
logy Department conducted a study on 120 Turkish patients
who had been diagnosed with BCa. A control group consisting
of 136 people who were referred to routine medical examina-
tions at the same facility and participants in the study had no
prior history of cancer diagnosis of any type. The Ethics Commit-
tee, Istanbul Faculty of Medicine, granted ethical approval for
the study, and each participant gave informed consent before
participating (Date : 23/12/2022, No:23).

BCa was diagnosed histologically with samples received from
patients through biopsy or surgery. The tumors were categori-
zed based on their type, grade, and stage. Based on the 2004
WHO grading system for pathological bladder cancers, they
were graded as low or high. 2002 TNM classification system
was used to classify tumors as either low-stage or high-stage.
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BCa at a low stage (Ta/T1) is known as superficial BCa (SBC).
BCa stages T2 to T4 are known as muscle-invasive BCa (MIBC).

A commercially accessible PCR template preparation kit (Roc-
he Diagnostics, Mannheim, Germany)” was utilized to extract
genomic DNA from white blood cells. The polymorphism of
the APE1 Asp148Glu (rs 1130409) gene were genotyped using
PCR-RFLP. The PCR reactions were carried through in “25 pl
of 10 pmol APE1 primer, 0.3 mM dNTP, 2,5 mM MgCl, 100 ng
DNA, x10 PCR buffer (pH value: 8.8), and 1.25 U Taq poI\'/merase
(MBI Fermentas)”.

The PCR cycling condition for APE1 was initial denaturation
at 95 °C for a 2-minute period, 35 cycles of 30 sec at 95 °C,
annealing at 52 °C for 45 sec and elongation at 72 °C for 45
sec, and a final extension step of 5 min at 72 °C. Following
amplification, PCR products were subjected to restriction di-
gestion using the FspBl enzyme (Thermo Scientific) (Hu et al.
2001). After completion, a 2% agarose gel treated with ethi-
dium bromide was used to conduct gel electrophoresis, and
to analyze the final products. Fragment patterns for the APE1
genotypes were AspAsp (164 bp), AspGlu (164,144, and 20 bp),
and GluGlu (20 bp).

Statistical analyses

All statistical analyses conducted in this study were performed
using SPSS version 21. The collected biochemical parameter
data underwent statistical testing using either the Student’s
t-test for data with equal variances, or the ‘Mann-Whitney U
test’ for data with unequal variances. To determine the diffe-
rence in genetic distribution between the study group with BCa
and the control group, Pearson’s chi-square (v2) test was used.
We used the Asp/Asp genotype as a reference due to it being
the lowest-risk genotype. To assess the correlation between
genotypes and tumor grade and stage, Pearson’s chi-square
test (x"2) was utilized in order to evaluate the total impact of
the polymorphism. The statuses of age, sex, BMI, and smoking
were determined using a logistic regression, which calculated

Table 1: The demographic and clinical characteristics of the
control group and study group diagnosed with bladder
cancer (meanzSD)

Control .
Patient group

Parameters group (n=120) 2p value

(n=136)
Age (years) 62.7+6.52 64.2+11.49 0.160
Female/male (%) 19.0/80.1 17.9/82.5 0.630
BMI (kg/m?) 27.1+2.89 26.5+3.38 0.131

1 0,

smoking (%) 61.0/39.0 33.3/66.7 0.000
(never/current)
Grade (1/2) 67/53
Stage (invasive\ 96/24

superficial )

ap: Value from Pearson's X? test to categorical variables and Mann
Whitney-U to continuous variables
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Table 2: Distributions of APE1Asp148Glu allele and
genotype in controls and bladder cancer patients

Control Patient

group group p OR?(95% Cl)

n (%) n (%)
APE
Asp148Glu
AspAsp 93(68.4) 86(717) Reference

genotype.

AspGlu 40(29.4) 30(25.0) 0.767 0.91(0.48-1.69)
GluGlu 3(2.2) 4(3.3) 0.339 1.86(0.52-6.73)
AspGlu+GluGlu 43 (31.6) 34(28.0) 0.924 0.97 (0.52-1.78)
Allele
Asp 226 (83.0) 202 (84.1) Reference allele.
Glu 46(17.0) 38(15.9) 0.742 2.05 (1.47-2.85)

20dds ratios (OR) & 95% Cl: Confidence intervals, adjusted for BMI: Age-sex
and smoking status

adjusted odds ratios (aOR) and 95% “confidence intervals” (95%
Cl). To determine the effect size (W) with ‘2 degrees of free-
dom (2; 0.05), the NCSS 2000 statistical package (NCSS Inc;

Reference
B0
&
g &0 P=0.500 P=0.546
u A0
g p=1.0
£ F Bl
b= D A —
AR AG GG AG+HaG

Genotype

B Controls  mPatients
MNon-smokers

Kaysville UT)’ was used, taking into account the sample size of
the study. Based on these calculations, the study’s power was
determined to be 83%. The significance degree for the study
was set at p<0.05, indicating that results with a p-value below
this threshold were considered statistically significant.

RESULTS

There were no significant differences found in BMI, age, or sex
when comparing the patients with the control group with BCa.
However, more smokers were represented in the BCa patients
as compared with the controls (p=0.000) (Table 1).

The APE1 Asp148Glu genotypes distribution in the control gro-
up was found to be coherent with the ‘Hardy Weinberg equi-
librium (HWE)’ (p=0.587). The distributions of APE1 Asp148Glu
genotypes among BCa patients were consistent with the HWE
(p=0.496). The effect of APE1 Asp148Glu polymorphism on BCa
risk is shown in Table 2. Regarding the controls, the genotype
AspAsp was identified in 68.4%, the AspGlu genotype in 29.4%,
and the GluGlu genotype in only 2.2% of individuals. The APE1
genotypes were observed in the bladder cancer patients, with
71.7% identified as AspAsp, 25.0% as Asp/Glu, and only 3.3%
as GluGlu. There was no noteworthy correlation detected bet-
ween the APE1 genotype/allele and the risk of BCa (Table 2).

Figure 1: Distributions of APE1 Asp148Glu genotypes related to the smoking status

Reference
80
S
- 60 B
2 P=0.587 P=0500
o 40
=
= —
2 20 - P=0.470
- —
0
AA AG GG AG+GG
Genotype
B lowgrade M Highgrade

Reference
BD
F
= 60 P=0.233 P=0.414
€ 10
o P=0.000
o 20
'™
0 =
AA Al GG AG+HGG
Genotype
N Controks W Patients
Smokers
Reference
80
=S =
> 60 P-0.286 P=0.249
=
o 40
=
g 20 P-0.628
- —
0
AA AG GG AG+GG
Genotype
M lowstage M High stage

Figure 2: Distributions of APE1Asp148Glu genotypes according to the grade (Low/High) and stage (Low/High) of the disease
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The potential dissimilarities in genotype distributions and allele
frequencies were investigated between individuals who smoke
and those who do not smoke, with respect to their vulnerabi-
lity to bladder cancer. The APE1 Asp148Glu gene polymorp-
hism was not found to be related within either smokers or
non-smokers (Figure 1).

When classified based on BCa grade and stage, the distributi-
on did not show any statistically significant differences in each
APE1 genotype, as shown in Figure 2.

DISCUSSION

There are different biological mechanisms in the body as res-
ponses to repair DNA damage that preserve the totality of the
genome (14). The decrease in capacity for DNA repair effici-
ency causes changes in the DNA damage-triggered biological
response and, as a result, might result in the development of
different malignant tumors (15).

Being under the influence of occupational carcinogenic factors
is among the other important factors (16). Polycyclic aromatic
hydrocarbons, arylamines, nitrosamines, and ROS in cigarettes
have been shown to cause significant damage to the DNA mo-
lecular structure (17,18).

One of the mechanisms utilized for DNA repair is the BER path-
way, which is repairing DNA damage brought on by alkylating
agents, ionizing radiation, and oxidation (19). Its ability to func-
tion as an endonuclease and phosphodiesterase makes it pos-
sible for APE1 to assume a prominent role in repairing apurinic
apyrimidinic sites (20).

Polymorphisms in genes responsible for DNA repair that cau-
se changes in the effectiveness of the DNA repair system can
be related to the tendency to manifest BCa (22). Of the DNA
damage caused by ROS, 8-hydroxyguanine (8-OHG) is particu-
larly mutagenic and results in G-C to T-A transversions during
replication by DNA polymerases. (15). The main mechanism
responsible for repairing 8-OHG is the short patch BER (15). It
has been suggested that polymorphism of DNA repair genes is
a risk factor for several cancers, including BCa (1, 23).

Polymorphisms in DNA repair genes cause changes in the ami-
no acid sequence, cause damage to DNA repair capacity, and as
a result, cancer appears (24). Various DNA damage is repaired
in multiple pathways involving different proteins (25). Altho-
ugh the effect of DNA repair gene polymorphisms on BCa risk
has been investigated in many studies, the relationship is not
clearyet (1,3,7).

Numerous investigations have been conducted on the relati-
onship between APE1 polymorphism and various cancers. (26).
Hu et al. provided further insight into the biological significance
of the APE1 codon 148 T-G transversion (Asp-Glu) polymorp-
hism, which has been associated with lymphocyte mitotic de-
lay in healthy individuals and increased sensitivity to ionizing
radiation (22). Canbay et al. demonstrated this polymorphism
has been linked to a higher incidence of gastric cancer (24).

Peng et al. demonstrated APE1 genotypes have a relationship
with lung cancer risk (18). The sole recognized common APE1
coding region variant that leads to a non-synonymous change is
Asp148Glu. According to Ruchika et al. APE1 148 GG genotype
was found to be linked to a protective effect against BCa in a
North Indian population (20). Nonetheless, no discernible dis-
tinction existed at the allele level (8).

The APE1 Asp148Glu polymorphism did not demonstrate any
correlation of significance with the risk of BCa in our study. Our
findings are in line with previous research suggesting APE1 Asp
148 Glu polymorphism does not pose a risk for BCa (20, 21).

According to the results of our study data, the finding on ge-
ne-environment interaction showed no association between
the APE1 Asp 148 Glu genotype and smoking status. Our data
are consistent with some previous reports in BCa and prostate
cancer (20, 27).

Based on the classification of the studied subjects in terms of
disease stage at the time of testing, the APE1 Asp 148 Glu gene
polymorphism did not indicate a noticeably higher risk for BCa
in more advanced stages. In addition, the risk genotypes for the
APE1 Asp 148 Glu polymorphism did not alter tumor grading
among BCa patients. Sanyal et al. evaluated that there was no
relation between the APE1 Asp 148 Glu gene polymorphism
and pathological factors in BCa patients (21). In addition, Liu
et al. reported that the APE1 variant allele was not associated
with tumor grade and stage in BCa patients (28).

CONCLUSION

According to the results of our investigation, we cannot detect
that an association exists between APE1 polymorphism and
BCa. The current data from our research’s findings demonstrate
that APE1 Asp 148 Glu gene polymorphism may not affect the
progression of BCa in the Turkish population.
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