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Abstract
Prostate cancer (PCa) is the most common malignancy in men and the fourth most common cause of death based on cancer all over the world. Many genes has been 
shown to be involved in the progress of the prostate cancer. Human apurinic/apyrimidinic endonuclease 1 (APE1) is a multifunctional protein that has an important 
role in the base excision repair (BER) pathway. The aim of this study was to evaluate the association of ApE1 1349T>G polymorphism and the susceptibility to 
prostate cancer in northern Iran population. Samples were collected from 100 patients diagnosed with prostate cancer patients and 100 controls subjects and geno-
typed by PCR-RFLP (Polymerase Chain Reaction-Restriction Fragment Length Polymorphism). We observed a significant difference in genotype distributions of 
ApE1 1349T>G polymorphism between patients and controls (P= 0.039). Our findings revealed individuals with the variant TG and GG had a significant increased 
risk of prostate cancer (GG: OR= 2.50, 95%CI= 1.063-5.874, P= 0.035. TG: OR= 2.40, 95%CI= 1.16-4.95, P= 0.017). Also, more analyses were showed that G 
allele were associated with increased risk of prostate cancer (OR= 1.493, 95%CI= 1.007-2.21, P= 0.045). The data from this study indicates that the ApE1 1349T>G 
polymorphism is associated with increased risk of prostate cancer. Although more studies should be considered with larger number of patients and control subjects 
to confirm our results.
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Introduction

Prostate cancer (PCa) is the second most important 
cause of cancer in men of developing countries and the 
fourth most common cause of death based on cancer all 
over the world (1), In Iran, it is the second most com-
monly diagnosed cancer in men. It has been shown that 
any damages to our genetic material will be a conti-
nuous threat to both our capability to faithfully transmit 
genetic information to our offspring as well as our own 
life (2). Genetic factors play an important role in the 
pathogenesis of PCa. So, there is an expanding interest 
in the role of genetic factors like single nucleotide poly-
morphic (SNPs) variants in PCa (3). DNA repair gene 
system is one of the most important mechanism in hu-
man body and have a key role in protecting against gene 
mutations (4). It has been shown that Direct reversal, 
mismatch repair, double-strand break repair, nucleotide 
excision repair (NER) and base excision repair (BER) 
are five DNA repair systems that support human cells 
(5). Carcinogens cause damage in DNA like oxidative 
lesions which removed by Base excision repair (BER) 
pathway. Any kind of variations in BER genes cause 
reduce DNA repair capacity and it can causes urological 
cancers (6). 

DNA repair gene systems are one of the most impor-
tant systems in human body and have a key role in pro-
tecting against gene mutations (4). The human apurinic/
apyriminic endonuclease 1 (ApE1), also known as ApE, 
APEX and Ref-1, is underlying enzyme in the base exci-
sion repair (BER) pathway. BER protects cells against 

the effect of endogenous and exogenous agents and also 
is responsible for the repair of DNA brought about oxi-
dation / alkylation damage (5). ApE1 is a multifunctio-
nal protein that located on chromosome 14q11.2-q12, 
consists of five exons and four introns spanning 2.21 
kb. By hydrolyzing 3’-blocking fragments from oxi-
dized and alkylated DNA, ApE1 comes out with normal 
3’- hydroxyl nucleotide termini that are necessary for 
DNA repair synthesis and ligation at single – or double 
– strand breaks (7,8).

Recent studies have displayed that single nucleotide 
polymorphisms (SNPS) in DNA repair genes may be the 
critical molecular mechanism of the individual variation 
of DNA repair capacity (9). Eighteen polymorphisms in 
ApE1 have been recognized but transversion of T to G 
is the most extensively studies polymorphism (10,11). 
ApE1 SNP T>G found in exon 5 led to substitution of 
Asp>Glu at codon 148 which is located within the endo-
nuclease domain of the protein. The ApE1 Asp148Glu 
(1349T>G) polymorphism is the only known common 
non-synonymous ApE1 coding region variant (12). The 
aim of this study was to evaluate the association between 
1349T>G ApE1 polymorphisms and the susceptibility 
to prostate cancer in northern Iran population.

Materials and methods

Subjects
The current study included a total of 100 patients 

with prostate cancer and 100 disease-free control sub-
jects. Controls and patients were selected from same 
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population living in the Guilan province, north of Iran, 
which were recruited between 2013 and 2014. Data on 
patient characteristics at the study entry for each sub-
ject were collected from the oncology clinic of Razi 
Hospital (Rasht, Iran). Control subjects were selected 
among individuals getting health examinations at the 
Health Examination Center of hospital during the same 
period and any subjects who had a history of cancer 
were excluded from the study. The control subjects were 
frequency-matched with the cancer patients based on 
mean age. Each subject donated 2 ml blood and drawn 
into EDTA-Coated tubes (Venoject, Belgium), which 
was used for genomic DNA extraction. This project has 
been approved by the local licensing committee and in-
formed consent was obtained from all subjects and has 
been performed according the Helsinki Declaration of 
1975, as revised in 1983. 

Genotyping
Genomic DNA was extracted from whole-blood 

samples using the Gpp solution kit (Gen pajoohan, Iran) 
according to the manufacturer’s instructions. DNA puri-
ty and concentration were determined by spectrophoto-
meter at 260 and 280 nm. Each DNA sample was stored 
in TE buffer (5mµ Tris, HCl, 0.1 mµ EDTA, pH 8.5) at 
-20˚C until analysis. Polymorphism spanning fragments 
were amplified by the polymerase chain reaction (PCR) 
and performed using Polymerase Chain Reaction-Res-
triction Fragment Length Polymorphism (PCR-RFLP). 
The region of ApE1 including the (1349T>G) SNP site 
was amplified using primers:
(F: 5’ TGAGACCCTATTGATGCCTA 3’ and R: 5’ 
TGTTACCAGCACAAACGAG 3’). Polymerase chain 
reaction products were subsequently digested with res-
triction enzyme BtgZI. The PCR conditions were as fol-
low: initial denaturation at 95˚C for 5 min, 35 cycles of 
denaturation at 95˚C for 45 s, annealing at 55˚C for 40 
s, with a final step at 72˚C for 5 min to allow a complete 
extension of PCR fragment. A 4-µl from the polyme-
rase chain reaction products was digested with 1.5 U of 
BtgZ1 restriction enzyme (New England Biolabs), at 55 
°C for 12 h and Enzyme digestion products were sepa-
rated on 2% agarose gel electrophoresis and visualized 
by ethidium bromide staining. The three possible geno-
types were defined by three distinct patterns of bands 
visualized on the gel: Glu/Glu (197 bp), Glu/Asp (197, 
145 and 52 bp), and Asp/Asp (145 and 52 bp). Genotype 
results were regularly confirmed by randomly selecting 
20% of the samples that were regenotyped by another 
laboratory member to improve the quality of genoty-
ping and its validity and no discrepancy in genotyping 
was found.
 
Statistical analysis

Data management and analysis was performed using 
Medcalc software (version 12.1, Mariakerke, Belgium). 
Genotype frequencies between cases and controls were 
compared by the χ2 test. To estimate the association 
between the ApE1 1349T>G variant and the risk of 
prostate cancer, Odds ratios and 95% confidence inter-
vals (95%CI) were calculated by logistic regression 
and differences in demographic variables (including 
smoking history, body mass index (BMI), and family 
history of cancer) between patients and control subjects 

were compared by chi-squared (χ2) test. The association 
between the ApE1 1349T>G variant and risk of prostate 
cancer was investigated by treating the three genotypes 
(major allele homozygous, heterozygous and variant 
allele homozygous) as ordinal variables in the analysis. 
The homozygosity with the more frequent allele among 
controls was set as the references group. A value of P < 
0.05 was considered statistically significant.

Results 

In the present study 200 subjects including 100 PCa 
patients and 100 controls were assessed. The mean age 
of study subjects was (62.6±8.9 years) and for controls 
(59.1±10.4 years) that was no significantly different 
between patients and controls, (P > 0.05). Genotyping of 
1349T>G was done by PCR-RFLP method (Figure 1). 
The main characteristics of the patients are presented in 
table 1. Analysis suggested that age, smoking status and 
family history of prostate cancer were not significantly 
different between cases and controls. The prevalence of 
genotype frequencies for TT, TG and GG was 30.0%, 
50.0% and 20.0% in controls, and 15.0%, 60.0%, 25.0% 
in patients, respectively. Statistical analysis showed that 
there is significant difference between two groups (P= 
0.039). The results indicated that the subgroup with 
GG and TG genotypes were associated with increased 
risk of prostate cancer (GG: OR= 2.50, 95%CI= 1.063-
5.874, P= 0.035. TG: OR= 2.40, 95%CI= 1.16-4.95, P= 
0.017). Moreover, analyses were showed that G allele 
were associated with increased risk of prostate cancer 
(OR= 1.493, 95%CI= 1.007-2.21, P= 0.045). All infor-
mation about allele and genotype frequencies and asso-
ciated ORs (95%CI) for cases and controls are summa-
rized in table 2.

Discussion

In this case-controls study we evaluated the role of 
ApE1 1349T>G polymorphism in 100 PCa patients and 
100 controls. Our results suggest that there is a signifi-
cant association in genotype distribution between cases 
and controls (P= 0.039). The individuals with GG and 

Figure 1. Detection of ApE1 gene polymorphism by PCR-RFLP 
using BtgZI restriction enzyme. Lane 1, fragments presenting the 
GG genotype for the mutant homozygous patient; lane 2, fragments 
indicating the TG genotype for heterozygous patients; Lane 3, frag-
ments showing the TT genotype for the wild type homozygous pa-
tient; M= 50 bp DNA marker.
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population (15). Dongying et al. indicated that ApE1 
1349T>G polymorphism was associated with genetic 
susceptibility of cancer (16). Moreover, a recent stu-
dy determined that the G allele of the ApE1 T1349G 
variant increased gastric cancer risk (OR = 1.69, P = 
0.003) in a Chinese population (17). Ye li et al. detected 
that ApE1 1349T>G polymorphism was associated with 
the susceptibility to colorectal cancer (18). According 
to probable effect of this SNP on DNA repair activity 
of ApE1, which in prostate cells may be effective on 
cancer risk, in present study we investigated the asso-
ciation between 1349T>G ApE1 SNP and susceptibility 
to prostate cancer. Previous research findings have been 
inconsistent and contradictory. Jing et al. showed that 
no association between Asp148Glu polymorphism and 
the risk of PCa was found (19). Moreover, findings of 
the current study are consistent with those of Li X et al 
who found that the variant genotype of ApE1 1349T>G 
(Glu) was associated with increased risk of prostate can-
cer (20). The conflicting results of these reports may be 
due to the differences in sample sizes, and the impact 
of other genetic and environmental factors. Some limi-
tations of our study including, we only evaluated one 
SNP in the ApE1 gene, which was inadequate to assess 
prostate cancer risk for the gene studies. In addition, our 
population that were studied was not large enough.

In conclusion, our results indicated that the ApE1 

TG genotypes were associated with increased risk of 
prostate cancer (GG: OR= 2.50, 95%CI= 1.063-5.874, 
P= 0.035. TG: OR= 2.40, 95%CI= 1.16-4.95, P= 0.017). 
We have also shown that G allele were associated with 
susceptibility of prostate cancer (OR= 1.493, 95%CI= 
1.007-2.21, P= 0.045).

Prostate cancer (PCa) is the second most important 
cause of cancer in men. The relations between cancer 
and inter-individual variations in DNA damage and re-
pair process are explained. DNA base excision repair is 
the main pathway to repair DNA base damages caused 
by oxidation, radiation, and the loss of bases. There are 
several enzymes that take part in this pathway, such as 
DNA polymerase β, DNA ligase III and apurinic/apyri-
midinic endonuclease 1 (APE1) to protect the genome 
entirety. The DNA repair activity of APE1 resides in the 
C-terminal region, that its endonuclease function makes 
a nick directly adjoining to 5ʹ of an apurinic/apyrimi-
dinic (AP) site and produces a hydroxyl group at the 
3ʹ terminus upstream of the nick (13). It is known that 
1349T>G polymorphism is the only renowned non-
synonymous ApE1 coding region variant (14). It has 
been shown that genetic variations can disorder ApE1 
function and play an important role in susceptibility 
to many kind of cancers. Hao Luo et al. demonstrated 
that the combined effects of polymorphisms of BER 
genes may contribute to tumorigenesis in a chinese 

Table 1. Characteristics of PCa patients and controls enrolled in the study.

Table 2. Allele and genotype frequencies of ApE1 1349T>G polymorphism among cases and controls and the associations 
with risk of prostate cancer.

a allele and genotype frequencies in cases and controls were compared using χ 2  test.
b significance level for allele and genotype frequencies in cases and controls.
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tide excision repair capacity by XPD polymorphisms in lung cancer 
patients. Cancer Res. 2001, 61: 1354–1357.
10. Hu, J.J., Smith, T.R., Miller, M.S., Mohrenweiser, H.W., Gol-
den, A., Case, L.D., Amino acid substitution variants of APE1 and 
XRCC1 genes associated with ionizing radiation sensitivity. Carci-
nogenesis. 2001, 22: 917–922. doi: 10.1093/carcin/22.6.917.
11. Xi, T., Jones, I.M., Mohrenweiser, H.W., Many amino acid subs-
titution variants identified in DNA repair genes during human popu-
lation screenings are predicted to impact protein function. Geno-
mics. 2004, 83: 970–979. doi:10.1016/j.ygeno.2003.12.016.
12. Hadi, M.Z., Coleman, M.A., Fidelis, K., Mohrenweiser, 
H.W., Wilson, D.M., Functional characterization of Ape1 variants 
identified in the human population. Nucleic Acids Res. 2000, 28: 
3871–3879.
13. Chou, K.M., Cheng, Y.C., The Exonuclease Activity of Human 
Apurinic/Apyrimidinic Endonuclease (APE1). THE JOURNAL 
OF BIOLOGICAL CHEMISTRY. 2003, 276: 18289–18296. doi: 
10.1074/jbc.M212143200.
14. Liu, C., Yin, Q., Li, L., Zhuang, Y.Z., Zu, X., Wang, Y., ApE1 
Asp148Glu gene polymorphism and bladder cancer risk. Mol Biol 
Rep. 2013, 40: 171-176. doi: 10.1007/s11033-012-2046-5.
15. Luo, H., Li, Z., Qing, Y., Zhang, S.H., Peng, Y., Li, Q., Wang, 
D., Single Nucleotide Polymorphisms of DNA Base-excision Repair 
Genes (APE1, OGG1 and XRCC1) Associated with Breast Cancer 
Risk in a Chinese Population. Asian Pac J Cancer Prev. 2014, 15 
(3): 1133-1140.
16. Gu, D., Wang, M., Wang, S., Zhang, Z., Chen, J., The DNA re-
pair gene APE1 T1349G polymorphism and cancer risk. Mutagene-
sis. 2009, 24: 507–512. doi: 10.1093/mutage/gep036.
17. Gu, D., Wang, M., Wang, S., Zhang, Z., Chen, J., The DNA Re-
pair Gene APE1 T1349G Polymorphism and Risk of Gastric Can-
cer in a Chinese Population. Plose one. 2011, 6(12): e28971. doi: 
10.1371.
18. Li, Ye., Li, Shuying., Wu, Zhiwei., Hu, Fulan., Zhu, Lin., et al., 
Polymorphisms in genes of APE1, PARP1, and XRCC1: risk and 
prognosis of colorectal cancer in a Northeast Chinese population. 
Med Oncol. 2013, 30: 505. doi: 10.1007/s12032-013-0505-z.
19. Jing, B., Wang, J., Chang, W.L., Li, B., Chen, J., Niu, Y.J., Asso-
ciation of the polymorphism of APE1 gene with the risk of prostate 
cancer in Chinese Han population. Clin Lab. 2013, 59(1-2): 163-8.
20. Li, X., Zhang, G., Huai, Y.J., Cao, Z.Q., Association between 
APE1 T1349G polymorphism and prostate cancer risk: evidence 
from a meta-analysis. Tumour Biol. 2014, 35(10):10111-9. doi: 
10.1007/s13277-014-2115-6.

1349T>G polymorphism is associated with increased 
risk of prostate cancer. Further studies with larger num-
bers of patients and controls are needed to confirm our 
results.
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