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Abstract
Background: The association of genetic polymorphisms at Axis inhibition protein 2 (AXIN2) gene and susceptibility
to different cancer has attracted much interest. The present study aimed to evaluate the association between AXIN2
rs2240308 C>T, rs1133683 C>T, rs7224837 A>G polymorphisms with susceptibility to breast cancer. Methods: A
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay was designed to genotype
the AXIN2 rs2240308 C>T, rs1133683 C>T, rs7224837 A>G polymorphisms among 150 breast cancer patients and
150 healthy subjects. Results: The frequencies of these genetic variants were in agreement with Hardy-Weinberg
equilibrium in healthy controls (p>0.05). The frequencies of AXIN2 rs2240308 C>T, rs1133683 C>T, rs7224837
A>G genotypes were similar in breast cancer patients and controls. There was no a significant association between
the AXIN2 SNP and risk of breast cancer. Conclusion: The impact of AXIN2 polymorphisms in the breast cancer
development remains unclear. Our results indicated that AXIN2 rs2240308, rs7224837 and rs1133683 polymorphisms
did not contribute to increased risk of breast cancer. More studies with larger sample sizes and diverse ethnicities are
warranted to verify our finding.
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Introduction
Breast cancer is the most common type of epithelial
cancer among women globally, with an average risk of
12% to develop in normal women life (Tavakoli-Koopaei
et al., 2020; Najminejad et al., 2020; Ghorbani et al., 2021).
Breast cancer has also the highest incidence rate and the
second death rates among all types of cancer (Motamedi
et al., 2012; Sung et al., 2021). Breast cancer is a
multifactorial, polygenic and heterogeneous disease which
aggressive subtypes are characterized by faster growth
rates, increased capability to invade and metastasize,
leading to poorer clinical outcomes (Bianchini et al.,
2016; Feng et al., 2018; Gooding and Schiemann, 2020).
The incidence of breast cancer has been increasing in
the world where it accounts for 6.9% of all cancers and
684,996 deaths in 2020 (Esmaeili et al., 2021; Sung et

al., 2021). However, worldwide differences in incidence
and mortality of this disease are largely explained by
age and country-level income (Bellanger et al., 2018).
It is evident that the increasing trend in incidence is
mainly attributed to reproductive and lifestyle patterns
such as older age at first birth, decrease in childbearing
and breastfeeding, lower physical activity, and obesity
(Bellanger et al., 2018; Sheikhpour et al., 2018; Moghimi
et al., 2018; Francies et al., 2020). Breast cancer is a
complex disease involving hereditary and environmental
risk factors. A genetic (inherited) component in breast
cancer is well established in the etiology of breast cancer
(Kamali et al., 2015; Moghimi et al., 2018). Estimation
of heritability based on twin studies found 25 to 31%
to be explained by genetic factors (Möller et al., 2016).
High-risk women are primarily identified on the basis
of family history and mutation screening of the BRCA1
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and BRCA2 genes, which responsible for a lifetime risk
between 50 and 85% and account for approximately 15%
of familial breast cancer cases (Forat-Yazdi et al., 2015;
Neamatzadeh et al., 2015).
To date, a large effort to investigate the genetic
component of breast cancer has been performed (De
Medina et al., 2010; Li et al., 2021). The Wnt signaling
pathway plays a crucial role during embryogenesis, while
aberrations in this pathway are implicated in a variety
of human cancers (Gajos-Michniewicz and Czyz, 2020;
Guan et al., 2020). Axis inhibition protein 2 (AXIN2) also
known as axin-like protein (Axil), a key component of
the Wnt signaling pathway, plays an important role in the
regulation of cell proliferation, cytometaplasia, migration,
apoptosis and other important cellular functions, and it has
demonstrated a close relationship with the development
of some cancers (Xu et al., 2020). AXIN2 is a scaffold
protein which is required for the phosphorylation of
β-catenin. Stabilization of AXIN2 protein in cancer cell
lines inhibited Wnt signaling, migration, and under low
serum conditions, reduced colony formation (Koni et al.,
2020; Liu et al., 2021). In addition to the many AXIN2
mutations reported in various cancer types, a few reports
have linked AXIN2 SNPs to the disease risk in breast
cancer. AXIN2 mutations have also been associated with
the development of oral clefts, such as cleft lip and cleft
palate (Noroozi et al., 2020).
The AXIN2 gene is located on chromosome 17q23-q24,
which belongs to a heterozygosity region that frequently
loss in different cancers in human (Gong et al., 2015;
Yu et al., 2017; Li et al., 2021). It has been suggested
that polymorphisms at AXIN2 gene are associated with
the risk of developing of breast cancer. Moreover, it can
be targeted by miR143HG/miR-1275 to regulate breast
cancer progression by modulating the Wnt/β-catenin
pathway (Li et al., 2021). Although numerous genetic
association studies on breast cancer have been published,
there are few a few studies about association of AXIN2
gene with breast cancer risk (Ren et al., 2019). To date,
several number polymorphisms have been identified at
AXIN2 region, including rs2240308 (exon1), rs9915936
(exon5), rs1133683 (exon5), and rs4072245 (intron7),
which some of them most frequently studied in relation
to risk of cancer. Here, the authors aimed to evaluate the
association between AXIN2 rs2240308 C>T, rs1133683
C>T, rs7224837 A>G polymorphisms with susceptibility
to breast cancer.

Materials and Methods
Subjects and Basic Characteristics
All procedures in this study were carried out in
accordance with the ethical standards of the institutional or
national research committee and with the 1964 Declaration
of Helsinki and its later amendments or comparable ethical
standards. The objective of the study was fully explained
to all participants and a written informed consent was
obtained from each participants. This study was approved
by the Ethics Committee of the Azad University. This
study included 150 diagnosed with breast cancer and 150
healthy subjects without history of cancer.
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DNA extraction
Genomic DNA was extracted from 200 μL of
peripheral blood of all subjects with EDTA as an
anticoagulant. A Commercially available kit for DNA
extraction was used for DNA extraction, according to
the manufacturer’s instructions kit (purchased from
GeneAll Co., LTD). AXIN2 rs2240308, rs7224837
and rs1133683 polymorphisms were genotyped by
polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) using previously reported
primers (Table 1). PCR was performed in a reaction
volume of 25 µl containing 100 ng of genomic DNA. The
PCR mixtures consisted of 10 pmol of the appropriate
amplification primers, 5 nmol each of 4 deoxynucleotide
triphosphates (Fermentas), 2.5 Units of Taq DNA
polymerase (Fermentas), 10 mmol/l Tris-HCl (pH 8.3
at 25˚C), 50 mmol/l KCl and 1.5 mmol/l MgCl2. PCR
conditions consisted of an initial denaturation at 94˚C for
5 min followed by 30 cycles of 94˚C for 30 sec, 60˚C for
30 sec and 72˚C for 60 sec, and lastly 1 cycle at 72˚C for
5 min. Then, PCR products were digested with 5 Units of
appropriate restriction enzymes (Table 1) in a total reaction
volume of 10 µl containing 1X reaction buffer for 5 h at
37˚C temperature. Following digestion, DNA fragments
were separated on 2.5% agarose gels. Table 1 shows the
digested DNA fragment sizes.
Statistical analysis
The chi-square test or Fisher’s exact test was
performed to examine the differences between cases and
controls in terms of mean age and gender. Hardy-Weinberg
equilibrium (HWE) was used for the distributions
of AXIN2 rs2240308, rs7224837 and rs1133683
polymorphisms in healthy subjects performed by the chi
square (χ2) test. The associations of AXIN2 rs2240308,
rs7224837 and rs1133683 polymorphisms with breast
cancer risk was calculated by using the odds ratio (OR)
and 95% confidence interval (CI) (Bahrami et al., 2020;
Jarahzadeh et al., 2021). Statistical analyses were carried
out using SPSS version 19.0 (SPSS Co., Chicago, IL,
USA) for Windows.

Results
Table 2 shows the main results of AXIN2 rs2240308,
rs7224837 and rs1133683 polymorphisms genotyping.
P-value of Hardy-Weinberg equilibrium test for AXIN2
s2240308 C>T, rs1133683 C>T, rs7224837 A>G
polymorphisms in healthy subjects was 0.632, 0.197 and
0.545, respectively. The rs2240308 C>T, CC, CT and
TT genotype frequencies were 48.0%, 42.7% and 9.3%
in breast cancer patients versus 56.0%, 36.7% and 7.3%
in controls, respectively. The frequency of minor allele
was 30.6% in n breast cancer cases and 25.7% in healthy
subjects. The rs1133683 C>T, CC, CT and TT genotype
frequencies were 30.7%, 51.3%, and 18.0% in breast
cancer cases versus 32.7%, 53.3% and 14.0% in controls,
respectively. The frequency of minor allele was 43.7% in
cases and 14.0% in controls. For rs7224837 A>G, CC,
CT and TT genotype frequencies were 46.7%, 44.0%,
and 9.3% in breast cancer cases versus 48.7%, 40.7%
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Table 1. Genotyping Features of AXIN2 Polymorphisms
SNP-ID

Position

Location

aa Change

Sequence Name

RE

Fragments

rs2240308

148 C>T

Exon 1

Pro to Ser

F: 5’-CCACGCCGATTGCTGAGAGG-3’

NsiI

C: 218, 24

rs1133683

1386 C>T

Exon 5

Pro to Pro

TaqI

C: 294

rs7224837

2406-1903 C>T

Intron 10

-

Hin1II

A: 211, 148

R: 5’-TTCCGCCTGGTGTTGGAAGAGACAT-3’
F: 5’-TGCGTAGGGAGCCGAATGTTG-3’

T: 242

R: 5’-GTGGTCCGGGGAGCGGGATC-3’
F: 5’-GATTACTCAACGCATCCCGGTC-3’

T: 274, 20

F: 5’-CTCCCTGAGGCACAGTTAATAAG-3’

and 10.6% in controls, respectively. The frequency of
minor allele was 31.3% in cases and 31.0% in controls.
The estimated OR for association of AXIN2 s2240308
C>T, rs1133683 C>T, rs7224837 A>G polymorphisms are
presented in Table 2. There was no significant distribution
in genotype/allele of these variants between breast cancer

G: 359

cases and controls. Moreover, two dominant and recessive
genetic models did not show a significant association
between AXIN2 s2240308 C>T, rs1133683 C>T,
rs7224837 A>G polymorphisms and breast cancer risk.

Table 3. Distribution of the AXIN2 Polymorphisms in Breast Cancer Cases and Controls
Polymorphism

BC (n=150)

Controls (n=150)

Odds Ratio
OR

90% CI

P-Value

rs2240308 C>T
Genotypes
CC

72 (48.0)

84 (56.0)

Ref.

CT

64 (42.7)

55 (36.7)

1.285

0.809-2.044

0.289

TT

14 (9.3)

11 (7.3)

1.301

0.570-2.966

0.532

C

208 (69.3)

223 (74.3)

Ref.

T

92 (30.6)

77 (25.7)

1.281

0.897-1.830

0.174

Dominant

86 (57.3)

139 (92.6)

0.106

0.053-0.213

0.001

Recessive

78 (52.0)

66 (44.0)

1.379

0.875-2.172

0.166

CC

46 (30.7)

49 (32.7)

Ref.

CT

77 (51.3)

80 (53.3)

0.923

0.587-1.452

0.729

TT

27 (18.0)

21 (14.0)

1.348

0.724-2.510

0.346

C

169 (56.3)

178 (59.3)

Ref.

T

131 (43.7)

122 (40.7)

1.131

0.818-1.564

0.457

Dominant

123 (82.0)

129 (86.0)

0.742

0.398-1.381

0.346

Recessive

104 (69.3)

101 (67.3)

1.097

0.674-1.785

0.71

CC

70 (46.7)

73 (48.7)

Ref.

CT

66 (44.0)

61 (40.7)

1.146

0.725-1.813

0.559

TT

14 (9.3)

16 (10.6)

0.862

0.405-1.836

0.701

C

206 (68.7)

207 (69.0)

Ref.

T

94 (31.3)

93 (31.0)

1.016

0.719-1.435

0.93

Dominant

136 (90.6)

134 (89.3)

1.16

0.545-2.470

0.701

Recessive

80 (53.3)

77 (51.3)

1.083

0.689-1.705

0.729

Alleles

Genetic Mode

rs1133683 C>T
Genotypes

Alleles

Genetic Mode

rs7224837 A>G
Genotypes

Alleles

Genetic Mode

OR, Odds Ratio; CI, Confidence Interval.
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Discussion
The association between AXIN2 and breast cancer has
been demonstrated in limited populations and their results
were somewhat inconclusive. To the best knowledge, this
was the first study evaluated the association of AXIN2
polymorphisms with breast cancer in Iranian women. This
study results revealed that AXIN2 rs2240308, rs7224837
and rs1133683 polymorphisms did not contribute to
increased risk of breast cancer. Therefore, further studies
in Iranian population should be conducted to explain the
association between AXIN2 polymorphisms and breast
cancer. Aristizabal-Pachon et al., for the first time, showed
a significant association between AXIN2 rs151279728
and rs2240308 polymorphisms and breast cancer
susceptibility in a Brazilian population, which indicating
the role of Wnt/β-catenin pathway dysfunction in breast
cancer tumorigenesis (Aristizabal-Pachon et al, 2015). In
2019, Dai et al., in a population of 415 n the Chinese Han
breast cancer women and 528 healthy subjects evaluated
the association of AXIN2 polymorphism with breast
cancer. Their findings revealed that the rs11079571 and
rs3923087 were associated with an increased risk of breast
cancer, but not rs3923086. Moreover, they showed that the
minor allele of rs3923087 polymorphism was associated
with lymph node metastases and the ATA haplotype was
correlated with an increased risk of breast cancer (Dai et
al., 2019). Menezes et al., (2009) in a study assessed 75
families with nonsyndromic cleft lip with or without cleft
palate (CL/P) and 93 control families without a history of
cancer to find the role of AXIN2 gene with cancer risk in
families with CL/P. They showed that in those families the
risk of cancer, especially colon cancer, was significantly
increased. Alanazi et al., (2013) have performed a study
to found association of 15 genetic variants located in 8
genes associated with Wnt signaling in Saudi Arabian
women. Their results showed a significant association of
genetic variants including AXIN2 rs3923087, β-catenin
rs4135385, DKK3 rs6485350, SFRP3 rs7775 and
TCF7L2 rs12255372 with breast cancer risk in the
population. However, the study did not find a significant
association of AXIN2 rs4791171, rs11079571 and
rs3923086, β-catenin rs13072632, and SFRP3 rs288326
polymorphisms with breast cancer. Moreover, their results
revealed that AXIN2 rs3923086 has a protective influence
in breast cancer patients older than 43 years and AXIN2
rs3923087 heterozygous AG genotype was associated
with reduced risk in both the age groups (≤43 or >43) as
well as in the overall study. Wang et al., (2008) examined
a number of SNPs in the AXIN2 gene including the four
variants in this study and reported a significantly elevated
risk with premenopausal breast cancers. In a Japanese
population a SNP at codon 50 of the AXIN2 gene was
shown to have a significantly reduced risk of developing
lung cancer while association with head and neck and
colorectal cancer was not observed (Kanzaki et al, 2006).
Recently, Li et al., (2021) in a meta-analysis based
on 72 studies with 22,087 cases and 18,846 controls
evaluated the association of AXIN2 rs11079571,
rs1133683 and rs35285779 polymorphisms with overall
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cancer risk. The meta-analysis results revealed that AXIN2
rs11079571, rs1133683 and rs35285779 polymorphisms
were significantly associated with overall cancer risk.
Gong et al., (2015) in a meta-analysis based on 8 studies
with 1,559 cancer cases and 1503 controls evaluated the
association of AXIN2 rs2240308 polymorphism with
cancer risk. Their results revealed that this polymorphism
was significantly associated with risk of cancer in overall.
AXIN2 rs2240308 polymorphism was not associated with
cancer risk in Turkish and Japanese populations. Their
results showed that AXIN2 rs2240308 polymorphism
was correlated with decreased risk of cancer by ethnicity.
Yu et al., (2017) in a meta-analysis based on 14 studies
with 2,215 cases and 2,481 controls found that AXIN2
rs2240308 polymorphism was not associated with cancer
risk in overall. Similar with the previous meta-analysis,
they showed that this genetic variant was associated with
a decreased cancer risk in Asians.
In conclusion, this case-control study indicated
that AXIN2 rs2240308, rs7224837 and rs1133683
polymorphisms did not contribute to increased risk of
breast cancer. Further multicenter, prospective studies
with larger sample size would have improved the accuracy
of the present findings.
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