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Abstract

Breast cancer is the most common cancer and one of the main causes of cancer-related death in the world and has become a major public health concern. Many genes
have been shown to be involved in the progress of the breast cancer. Human apurinic/apyrimidinic endonuclease 1 (4PE/) is a multifunctional protein that has an im-
portant role in the base excision repair (BER) pathway. The aim of this study was to evaluate the association between ApE! -656T>G and 1349T>G polymorphisms
and the susceptibility to breast cancer in northern Iran population. Samples were obtained from 150 patients diagnosed with breast cancer and 150 control subjects
and genotyped by tetra — primer amplification refractory mutation system PCR (T-ARMS-PCR). We observed a significant difference in genotype distributions of
-656T>G polymorphism between patients and controls (P= 0.03). Findings indicated that individuals with the variant TG genotypes had a significant decreased risk
of breast cancer (OR= 0.55, 95% CI= 0.33 — 0.91, P=0.019). However, the significant association between 1349T>G polymorphism and breast cancer risk was not

observed (P = 0.89). Larger studies are needed to confirm our results.
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Introduction

Breast cancer is the most common form of mali-
gnancy experienced by women worldwide. This cancer
accounts for 23 % (1.38 million) of the total new can-
cer cases and 14 % (458,400) of the total cancer deaths
in 2008. There are evidences to show a consequent in-
crease in breast cancer prevalence at recent years. So,
it has become a major public health concern (1). The
mechanism of breast carcinogenesis is not fully under-
stood, but it is a multifactorial disease caused by com-
plex genetic and environmental factors (2). There are
relations between breast cancer and inter-individual
variations in DNA damage and repair process (3,4). Al-
tered DNA repair function, resulting in aggregation of
DNA damage, followed by cell apoptosis or unregulated
cell growth and cancer (5).

DNA repair gene system is one of the most important
mechanisms in human body and has a key role in pro-
tecting against gene mutations (6). The human apurinic/
apyriminic endonuclease 1 (4pE1), also known as ApE,
APEX and Ref-1, is underlying enzyme in the base ex-
cision 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 (7). ApE1 is a multifunctio-
nal protein that located on chromosome 14ql1.2-q12,
consists of five exons and four introns spanning 2.21
kb. By hydrolyzing 3’-blocking fragments from oxi-
dized and alkylated DNA, ApE comes out with normal
3’- hydroxyl nucleotide termini that are necessary for
DNA repair synthesis and ligation at single — or double
— strand breaks (8 and 9). Also, ApE1 has an important
role in redox signaling (Ref-1). Ref-1 was characterized
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as a redox activator for a number of transcription factors
such as NF-xB, HIF-1a and p53 which are involve in
cellular growth and differentiation, cell cycle control,
apoptosis, and angiogenesis, that all of them have im-
plications for the development of cancer therapeutics.
APE1/Ref-1 expression is altered in many cancers in-
cluding breast, prostate, colon, cervical, ovarian, and
germ cell tumors (10).

Recent studies have shown that single nucleotide
polymorphisms (SNP,) in DNA repair genes may be
the critical molecular mechanism of the individual
variation of DNA repair capacity and influence both
cancer progression and clinical responses to chemothe-
rapy and radiotherapy (11). Eighteen polymorphisms in
ApE] have been recognized but transversion of T to G
is the most extensively studies polymorphism (12,13).
ApEl 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 Aspl148Glu
(1349T>G) polymorphism is the only known common
non-synonymous ApE1 coding region variant (14). The
other important ApEI SNP -656T>G (rs1760944), is
located in the promoter region (15). APEI Aspl148Glu
and -656T>G polymorphisms exhibited unfavorable
changes in torsion which influenced the overall stability
and folding of the protein that lead to increased redox
activity of APE1/Ref-1 in cancer cells and upregulated
further in response to certain chemotherapeutics and
radiation damage (16). The aim of this study was to
evaluate the association between ApEl (-656T>G and
1349T>G) polymorphisms and susceptibility to breast
cancer in northern Iran population.
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Table 1. The primers sequences that used for target sequences of ApE1.

Polymorphism Allele Length (bp) sequence of primers/ (bp)
55— 3

T 384 F: S’ITGTTTTTTTCCCTCTTGCACAT—3:
656T>G R: ? -TTAAGGGTCCTGACTCAAGC-3 )

G 446 F:5 /—TGTTTTTTTCCCTCTTGCACAG—%

R: 5 -CATTTCATAGTGCCTTGTACC-3
T 152 F: 5"-GACCCTATTGATGCCTAATGCC-3”

R: 5- GCCTTCCTGATCATGCTCCACA-3

1349T>G G 450 F: §- GACTGTTTAACCCGTGCGTA-3

R: 5- GCCTTCCTGATCATGCTCCACC-3

Materials and methods

Patients and Controls

The current study included a total of 150 patients
with breast cancer and 150 disease-free control subjects.
Controls and patients were selected from same popula-
tion 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 subject were
collected from the oncology clinic of Razi Hospital
(Rasht, Iran). Control subjects were selected among in-
dividuals getting health examinations at the Health Exa-
mination 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
and age at menarche. Each subject donated 2 ml blood
and drawn into EDTA-Coated tubes (Venoject, Bel-
gium), which was used for genomic DNA extraction.
This project has been approved by the local licensing
committee and informed 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 (Smp Tris, HCI, 0.1 mp EDTA, pH 8.5)
at -20°C until analysis. Polymorphism spanning frag-
ments were amplified by the polymerase chain reaction
(PCR) and performed using tetra— primer amplifica-
tion refractory mutation system PCR (T-ARMS-PCR).
Oligonucleotide primers used for amplification of the
target sequences of ApEl were designed by means of
Oligo primer analysis software (version 7.54, Mole-
cular Biology Insights Inc., Cascade, Co, USA). The
primers sequences are shown in Table 1. Similarly, the
PCR conditions for both polymorphisms of the ApE1-
were as follow: initial denaturation at 95°C for 5 min,
35 cycles of denaturation at 95°C for 45 s, annealing at
58°C (-656T>G) and 53°C (1349T>Q) for 40 s, with a
final step at 72°C for 5 min to allow a complete exten-
sion of PCR fragment. The PCR products were sepa-
rated on 2% agarose gel and visualized by ethidium
bromide staining. Genotype results were regularly
confirmed by randomly selecting 20% of the samples
that were regenotyped by another laboratory member to
improve the quality of genotyping and its validity and
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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 y* test. To estimate the association
between the ApE1 -656T>G and 1349T>G variants and
the risk of breast cancer, Odds ratios and 95% confi-
dence intervals (95%CI) were calculated by logistic
regression and differences in demographic variables (in-
cluding smoking history, body mass index (BMI), and
family history of cancer) between patients and control
subjects were compared by chi-squared (y2) test. The
association between the ApE1 -656T>G and 1349T>G
variants and risk of breast cancer was investigated by
treating the three genotypes (major allele homozygous,
heterozygous and variant allele homozygous) as ordi-
nal 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 300 subjects, including 150
breast cancer patients and 150 cancer-free control sub-
jects were evaluated. The mean age of cases (51.5 £ 4.6)
at diagnosis was slightly older than the reference age for
controls (50.1 £ 2.3) and was no significantly different
between patients and controls, (P>0.05). The main
characteristics of patients are summarized in Table 2.
Analysis indicated that age, smoking status and family
history of breast cancer were not significantly different
between cases and controls. Genotyping of -656T>G
and 1349T>G was done by T-ARMS-PCR method. The
size of -656T>G digestion products was 384 bp for wild
allele and 446 bp for polymorphic one that are shown in
Figure 1. For the 1349T>G polymorphism, both alleles
were represented by PCR products with sizes of 152 and
450 bp, which are provided in Figure 2 as amplified for
three patients. All information about allele and genotype
frequencies and associated ORs (95% CI) for cases and
controls are presented in Table 3. The frequencies of
the TT, TG and GG genotypes of ApE1 -656T>G were
27.3%, 68.0% and 4.7% in controls and 38.6%, 53.4%
and 8.0% in patients with breast cancer, respectively.
Significant association were observed in genotypes
distributions of ApEl -656T>G between breast cancer
patients and controls (P= 0.03). In the subgroup with
TG genotypes, the results suggested that the protective
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Figure 1. Agarose gel electrophoresis stained by ethidium bromide
after tetra — primer amplification refractory mutation system PCR.
Lanes: (1), fragments presenting T and G alleles for heterozygous
patients; (2), fragments indicating the G allele for the mutant homo-
zygous patients; (3), fragments showing the T allele for the wild type
homozygous patients, M: 50 bp DNA marker
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Figure 2. Detection of 1349T>G polymorphism at codon 148 by
T-ARMS- PCR. The T allele is represented by fragments of 152
bp while the G allele is of 450 bp. The molecular weight marker is
shown in the left part of the gel. Lanes 1, 2 and 3 show the hetero-
zygous TG, the homozygous TT, and the homozygous GG, respec-
tively

effect of this genotype was more apparent among others
(OR=10.55, 95% CI=0.33 - 0.91, P=0.019). Moreover,
no significant differences were found in allele frequen-
cies (P=0.351). Furthermore, the frequencies of the TT,
TG and GG genotypes of ApE1 1349T>G were 30.0%,
56.6%, 15.4% in controls, and 31.3%, 52.0%, 16.7% in
patients, respectively. No significant differences were
found in allele and genotype distributions of ApEl
1349T>G between cases and controls (P= 0.93 and P=
0.89). Moreover, the variant (GG and TG/GG) and wild
type (TT and TG/TT) genotypes were evaluated that
the results did not suggest any statistical evidence of an
association between those and breast cancer.

Discussion

In this case-control study the role of -656T>G
(rs1760944) and 1349T>G (rs1130409) variants in 150
patients and 150 cancer-free controls was investigated.
The results of this research indicated that -656T>G po-
lymorphism has a possible protective effect on breast
cancer risk. Significant association were came across in
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genotype distributions between breast cancer cases and
controls (P=0.03). The individuals with TG genotypes
were associated with decreased breast cancer risk and
the protective effect of this genotype was more predo-
minant among other subgroups (OR= 0.55, 95% CI=
0.33-0.91, P=0.019).

Breast cancer is the most common cancer and one
of the main causes of cancer-related death all over the
world that has become a major public health concern
(17). The relations between breast cancer and inter-in-
dividual variations in DNA damage and repair process
are explained. DNA base excision repair is the main
pathway to repair DNA base damages caused by oxida-
tion, radiation, and the loss of bases. There are several
enzymes that take part in this pathway, such as DNA
polymerase B, DNA ligase I1I and apurinic/apyrimidinic
endonuclease 1 (APE1) to protect the genome entirety.
The DNA repair activity of APE1 resides in the C-termi-
nal region, that its endonuclease function makes a nick
directly adjoining to 5’ of an apurinic/apyrimidinic (AP)
site and produces a hydroxyl group at the 3 terminus
upstream of the nick (18). Also, A4pE1 has a role in the
reductive activation of many transcription factors and
this function is related with other crucial cellular pro-
cesses including responses to oxidative stress, regula-
tion of transcription factors, cell cycle control and apop-
tosis. The cytoplasmic expression of APE] is involved
in redox/transcriptional regulation and APE1/Ref-1 is
constitutively activated in cancer cells (10). These fin-
dings led us to hypothesize that functional polymor-
phisms within ApE] gene might be linked to cancer and
repair process after DNA damage in breast cells.

Polymorphic variants of BER genes may alter DNA
repair capacity and influence both cancer progression
and clinical responses to chemotherapy and radiothe-
rapy. It is known that 1349T>G polymorphism is the
only renowned non-synonymous ApE/] coding region
variant (19). It has been shown that genetic variations
can disorder ApEl function and play an important
role in susceptibility to many kind of cancers. Luo et
al demonstrated that the combined effects of polymor-
phisms of BER genes may contribute to tumorigenesis
in a chinese population (20). Gu et al indicated the ApE]
1349T>G polymorphism may contribute to genetic sus-
ceptibility of cancer (21). Recently, two independent re-
search groups have reported the association between the
1349T>G polymorphism and breast cancer risk (22,23)
Zhao and colleagues found that TG genotype of ApE]
1349T>G was a risk factor for breast cancer susceptibi-
lity among Asian population. Also, Smith et al. detec-
ted 1349T>G was significantly associated with breast
cancer risk (OR= 1.49, 95% CI= 1.03-2.00). While, in
two other studies (24,25) Wu et al. and Peng et al. re-
vealed that 1349T>G polymorphism is not associated
with increased breast cancer risk (OR= 1.00, 95% CI=
0.873-1.155). Previous research findings have been in-
consistent and contradictory, that the conflicting results
of these reports may be due to the differences in sample
sizes, and the impact of other genetic and environmental
factors.

The other important SNP of ApE] that is located in
the promoter region is -656T>G (rs1760944), which
only -141bp upstream from the transcription initiation
site. The promoter and 3'UTR region of a gene have
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Table 2. Demographic characteristics of study population by age and breast cancer stage.

Age Tumor stage
Variable Categories Age > 50 Age <50 P Value Early Advancedt P Value
(N=105) (N =45) (N = 90) (N = 60)
Mean + SD 613+5.9 418+33 584+129  551+132 0.13
<40 11 (25 %) 9 (10%) 6 (10%)
Age 40-49 34 (75 %) 18 (20%) 15 (25%)
50-59 36 (34%) 21 (24%) 15 (25%)
60-69 37 (35%) 24 (26%) 10 (17%)
>170 32 (31%) 18 (20%) 14 (23%) 0.69
. None 84 (80%) 37 (82%) 71 (78.8) 48 (80%)
Family
history Mgf‘:igt‘;‘r‘d/ 21 (20%) 8 (18%) 0.92 19 (21%) 12 (20%) 0.96
Never 60 (58%) 25 (58%) 52 (58%) 35 (58%)
Smoking Former 30 (29%) 12 (27%) 27 (30%) 15 (25%)
history Current 13 (13%) 7 (15%) 0.86 11 (12%) 9 (15%) 0.76
Missing 2 1 0 1
<12 48 (48%) 19 (43%) 38 (43%) 28 (47%)
Age at 13-14 40 (39%) 20 (44%) 38 (43%) 21 (35%)
menarche > 15 14 (13%) 6 (13%) 0.82 12 (14%) 10 (18%) 0.63
Missing 3 0 2 1
Mean+SD  28.36+594  27.15+7.23 0.28 2756 £6.18  28.81 £6.68 0.24
<25 Kg/m? 36 (35%) 21 (48%) 37 (42%) 19 (32%)
BMI 229K 36 35%) 14 (32%) 29 (33%) 20 (34%)
>30 Kg/m? 31 (30%) 9 (20%) 0.29 22 (25%) 20 (34%) 0.38
Missing 2 1 2 1
<24 66 (63%) 18 (42%) 52 (58%) 34 (58%)
25-29 22 (21%) 8 (19%) 18 (20%) 11 (19%)
Age at first >30 6 (6%) 7 (17%) 8 (9%) 4(8%)
Nulliparous 11 (10%) 10 (22%) 0.02 11 (13%) 9 (15%) 0.92
Missing 0 2 1 2

TEarly = Stages 0-1, Advanced = Stages II-IV.

Table 3. Allele and genotype frequencies of ApE1 -656T>G and 1349T>G polymorphisms among cases and controls and the associations

with risk of breast cancer.

Controls Patients
(n =150) (n =150)
n (%) OR (95% CI) P2 P®
Alleles T 184 (61.3) 196 (65.3) 1.00 (reference) 0.351 -
(-656T>G) G 116 (38.6) 104 (34.6) 0.84 (0.60- 1.17) - 0.309
TT 41 (27.3) 58 (38.6) 1.00 (reference) 0.031 -
TG 102 (68.0) 80 (53.4) 0.55(0.33-0.91) - 0.019
Genotypes GG 7(4.7) 12 (8.0) 1.21(0.43 - 3.34) - 0.710
(-656T>G) T
Vs 109 (72.6) 92 (61.3) 0.59 (0.36 - 0.97) - 0.037
GG+ TG
T 172 (58.0) 172 (57.0) 1.00 (reference) 0.934 -
Alleles
(1349T>G) G 128 (35.0) 128 (34.3) 1.00 (0.72- 1.38) - 1.000
TT 45 (30.0) 47 (31.3) 1.00 (reference) 0.892 -
TG 82 (56.6) 78 (52.0) 0.91 (0.54 - 1.52) - 0.720
0.910
Genotypes GG 23 (15.4) 25(16.7) 1.04 (0.51 - 2.09) -
(1349T>G) TT
Vs
GG+ TG 105 (70.0) 103 (68.6) 0.93 (0.57 - 1.53) - 0.802

*allele and genotype frequencies in cases and controls were compared using y *test

b significance level for allele and genotype frequencies in cases and controls

several functions including mRNA stability, regula-
ting transcription and gene production. Variants in the
promoter region can function by modulating transcrip-
tion and leading to unusual protein expression (26,27).
Functional studies on -656T>G polymorphism have
shown that G allele may have altered endonuclease and
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DNA-binding activity, reduced ability to communicate
with other BER proteins (14) and increased cell cycle
G, delay (12).

The findings of the current study are consistent with
those of Huafeng Kang who found that the variant
genotype of ApE1 -656T>G was significantly associa-
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ted with decreased breast cancer risk (OR= 0.71, 95%
CI= 0.56-0.91), but no significant association has been
shown between the 1349T>G polymorphism and breast
cancer (28). Finally, some important limitations need to
be considered. We only evaluated two SNP in the ApE]
gene, which was inadequate to assess breast cancer risk
for the gene studies. In addition, these data must be in-
terpreted with caution because our population that was
studied was not large enough.

In conclusion, our results suggests that the ApE]
-656T>G polymorphism has a possible protective ef-
fect on breast cancer risk. We also found that 1349T>G
appeared to be unrelated to the risk of breast cancer in
our population. Moreover, future studies with larger
numbers of patients and controls are required to confirm
our results.
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