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Introduction

	 Breast cancer is one of the most common diseases 
suffered by women around the world, with an estimated 
990,000 new cases and 375,000 deaths each year (Brito 
et al., 2009). In the last report of IARC (International 
Agency for Research on Cancer), for 2030 there will be 
27 million new cases of cancer diagnosed in the world, 75 
million people will have the disease and 17 million will 
die each year. In Brazil, breast cancer is among the most 
important cause of death since 1979 (Brito et al., 2009). 
In 2014, new cases were 49,400, with an estimated risk 
of 50.1 cases for every 100,000 women. Breast cancer is 
considered the most common cancer on the population, 
accounting for 28% of new cancer patients, furthermore, is 
the seventh leading cause of death in Brazil after vascular 
disease and diabetes, overcoming the other cancers, and 
it is responsible of 2.3% of deaths in the country (INCA, 
2014), considered as a public health problem and classified 
as an epidemic. High mortality is caused by its capacity 
to generate metastasis, being the main targets lung, liver 
and bone (Teixeira et al., 2009; Santos et al., 2010). Breast 
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Abstract

	 Background: The Wnt/β-catenin signaling pathway is an important regulator of cellular functions such 
as proliferation, survival and cell adhesion. Wnt/β-catenin signaling is associated with tumor initiation and 
progression; β-catenin mutations explain only 30% of aberrant signaling found in breast cancer, indicating that 
other components and/or regulation of the Wnt/β-catenin pathway may be involved. Objective: We evaluated 
AXIN2 rs2240308 and rs151279728 polymorphisms, and expression profiles of β-catenin destruction complex 
genes in breast cancer patients. Materials and Methods: We collected peripheral blood samples from 102 breast 
cancer and 102 healthy subjects. The identification of the genetic variation was performed using PCR-RFLPs 
and DNA sequencing. RT-qPCR was used to determine expression profiles. Results: We found significant 
association of AXIN2 rs151279728 and rs2240308 polymorphisms with breast cancer risk. Significant increase 
was observed in AXIN2 level expression in breast cancer patients. Further analyses showed APC, β-catenin, 
CK1α, GSK3β and PP2A gene expression to be associated to clinic-pathological characteristics. Conclusions: 
The present study demonstrated, for the first time, that AXIN2 genetic defects and disturbance of β-catenin 
destruction complex expression may be found in breast cancer patients, providing additional support for roles 
of Wnt/β-catenin pathway dysfunction in breast cancer tumorigenesis. However, the functional consequences 
of the genetic alterations remain to be determined. 
Keywords: AXIN2 - beta-catenin destruction complex - breast cancer - SNP - RFLP-PCR - gene expression - RT-qPCR
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cancer is the main cause of death in women between 
35 and 64 years old in Brazil and South America, new 
research efforts aimed at identifying mechanisms and 
developing tools for early disease detection; in this way, 
in recent years, many studies have shown that breast 
cancer is a heterogeneous disease, including a variety 
of molecular subgroups based on differential expression 
patterns (Alanazi et al., 2013). Gene expression and 
epigenetic changes are part of signaling pathways, like 
Wnt pathway, have been considered in the etiology of 
breast cancer (Klarmann et al., 2008).
	 Wnt pathway deregulation including both, components 
and regulators, has been linked to many cancers, such as 
melanoma, adrenocortical, liver, colorectal and breast 
cancer (Lustig et al., 2002; Castiglia et al., 2008; Gunes et 
al., 2009; MacDonald et al., 2009; Chapman et al., 2011; 
Herbst et al., 2014). This conserved pathway regulates 
migration, apoptosis, morphogenesis, differentiation and 
cell proliferation processes by β-catenin transcriptional 
function (Mosimann et al., 2009; Clevers and Nusse, 2012; 
Herbst et al., 2014; Rennoll et al., 2014). Wnt binds to 
extracellular domain of Frizzled and LDL receptor-related 
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proteins (LRP5 or LRP6), binding induced Dishevelled 
(DVL) activation and blocking β-catenin degradation. 
Wnt pathway leads to β-catenin level rise in the cytoplasm 
and increased entry into the nucleus. β-Catenin forms a 
transcription factor complex with T-cell factor/lymphoid 
enhancing factor (TCF/LEF1) and binds Wnt responsive 
DNA elements (WREs) to activate target gene expression 
(Moon et al., 2004; Mosimann et al., 2009; Clevers 
and Nusse, 2012). In absence of Wnt ligand, β-catenin 
destruction complex is assembled by scaffold protein 
Axis Inhibitor (AXIN), Adenomatous Polyposis Coli 
(APC), Glycogen Synthase Kinase (GSK3β) and protein 
phosphatase 2A (PP2A). This complex coordinates 
β-catenin phosphorylation by Casein Kinase (CK1α) 
and Glycogen Synthase Kinase 3 (GSK3β), leading to 
ubiquitination by ubiquitin ligase protein (βTrCP) and 
subsequently degraded in proteasome.
	 One of the Wnt pathway target genes is AXIN2, 
suggesting that AXIN2 gene expression is part of a 
negative feedback loop in response to β-catenin level 
rise in the cytoplasm (Jho et al., 2002; Lustig et al., 2002; 
Salahshor and Woodgett, 2005). Genetic alterations in 
AXIN2 generate destruction complex instability and 
facilitate release of β-catenin, thereby blocking the 
negative feedback loop and Wnt pathway regulation. 
AXIN2 mutations can lead to different cancer due to 
increase of Wnt target genes transcription (Lammi et al., 
2004; Salahshor and Woodgett, 2005; Mostowska et al., 
2006; Gunes et al., 2009; Han et al., 2014; Rennoll et al., 
2014). 
	 The aim of the present study was to evaluate the 
association of AXIN2 gene mutations with breast cancer; 
furthermore, we determined the expression profile of 
β-catenin and degradation complex genes in breast cancer 
patients and healthy control group.

Materials and Methods

Subjects
Peripheral blood of 204 females was collected from 

Santa Casa and Clinics Hospitals of Ribeirao Preto, 
Sao Paulo University (Brazil). We analyzed 102 breast 
cancer patients, before chemotherapy or radiotherapy, and 
102 healthy controls, without family history of cancer. 
Breast cancer females were included without restriction 
of age and pathological stage. Hormone receptor status, 
histological type and TNM were performed by the 
histological and immunohistochemistry evaluation of 
tumor biopsies. Information about parity, age at menarche, 
menopausal and smoking status, oral contraceptive use and 
hormone replacement therapy were obtained by specific 
questionnaire. The control group was healthy voluntaries 
matched to breast cancer patients by age, and another 
factors risk (Table 1). Clinical characteristics of breast 
cancer patients are presented in Table 2.

Ethics statement
All procedures of this study were approved by 

Comitê Nacional de Ética em Pesquisa – CONEP number 
approbation CAAE: 01779812.9.0000.5440 and the 
Research Ethics Committee (CEP) of Clinics Hospital of 

Ribeirao Preto, University of Sao Paulo. Written informed 
consent was obtained from all participating patient and 
healthy control.

DNA extraction
Genomic DNA was isolated from peripheral blood 

mononuclear cells (PBMCs) by salt extraction, using 
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Table 1. General Characteristics of Healthy Controls 
and Breast Cancer Patients
	 BCP	 Controls	 p- value
	 (n = 102)	 (n = 102)	
		  n	 %	 n	 %	

Age (years) Mean ± SD	 58.16 ± 12.83	 53.51 ± 11.52	 0.407 1

Smoking						    
	 Yes	 23	 22.5	 24	 23.5	 0.868 2

	 No	 79	 77.5	 78	 76.5	
Age at menarche†						    
	 ≤ 13 	 71	 69.6	 78	 76.5	 0.269 2

	 > 13 	 31	 30.4	 24	 23.5	
Menopause Status						    
	 Yes	 86	 76.1	 75	 82.4	 0.059 2

	 No	 16	 23.9	 27	 17.6	
OCU						    
	 Yes	 39	 38.2	 57	 54.5	 0.012 2

	 No	 63	 61.8	 45	 45.5	
MHTU						    
	 Yes	 22	 21.6	 17	 16.7	 0.373 2

	 No	 80	 78.4	 85	 83.3	
Parity†						    
	 ≤  30 	 32	 31.4	 46	 45.1	 0.075 2

	 > 30 	 50	 49	 35	 34.3	
	 Nulliparous	 20	 19.6	 21	 20.6	
†, Age in years old;; OCU, Oral Contraceptive Use; MHTU, Menopausal 
Hormone Therapy Use. p-values were calculated by 1 Student´s t-test 
and 2 Chi-square test; p<0.05 was considered significant and are 
depicted in bold

Table 2. Clinical Characteristics of Breast Cancer 
Patients
Variable		  BCP, No.(%)
		  n = 102

Histological type	 IDC	 80 (78.4)
	 Others	 22 (19.6)
Tumor Stage	 I	 33 (32.3)
	 II	 40 (39.2)
	 III	 18 (17.7)
	 IV	 11 (10.8)
Tumor Size	 T1	 45 (44.1)
	 T2	 40 (39.2)
	 T3	 17 (16.7)
Lymph Node Status	 Positive	 57 (36.7)
	 Negative	 48 (47.1)
Estrogen Receptor Status	 Positive	 90 (88.2)
	 Negative	 9 (8.8)
	 NI	 3 (2.9)
Progesterone Receptor Status	 Positive	 84 (82.4)
	 Negative	 15 (14.7)
	 NI	 3 (2.9)
HER2/neu Status	 Positive	 22 (21.6)
	 Negative	 69 (67.6)
	 NI	 11 (10.8)
BCP, Breast Cancer Patients; IDC, Invasive Ductal Carcinoma; NI, 
Not Information
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Wizard Genomic DNA Purification Kit (Promega, Madison, 
WI, USA) and following the manufacturer’s instructions. 
DNA isolated was quantified by spectrophotometer 
NanoVue (GE, Fairfield, CT, USA), the examination of 
its purity with 260/230 and 260/280 ratios and integrity 
by agarose gel electrophoresis.

Genotyping 
The AXIN2 rs2240308  and  r s151279728 

polymorphisms were analyzed in genomic DNA from 
peripheral blood samples of every subject. We determined 
the AXIN2 c.148C>T (rs2240308) SNP polymorphisms 
by polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP). AXIN2 c.2013_2024del 
(rs151279728) polymorphism was detected by specific 
PCR amplification and confirmed by direct sequencing. 
PCR primers used for rs2240308 polymorphism were 
forward 5’-CCACGCCGATTGCTGAGAGG-3’ and 
reverse 5’-TTCCGCCTGGTGTTGGAAGAGACAT-3’ 
(Gunes et al., 2009), and rs151279728 polymorphism 
were forward 5’-TCTCCAGGCGAACGAGCCAG-3’ 
and reverse 5’- ACCTCAGCTAGCCTGCGACA -3’ 
(Castiglia et al., 2008). PCR was performed in a total 
reaction volume of 20μL containing 100 ng of genomic 
DNA, 10 pmol of appropriated primer, 0.2mM of dNTP 
(GE, Fairfield, CT, USA), 2 mM of MgCl2 and 1 U 
of Platinum Taq Polymerase in 1X buffer (Invitrogen, 
Carlsbad, CA, USA). PCR conditions for rs2240308 
contained an initial denaturation at 95°C for 2 min, 
followed by 35 cycles of 94°C for 1 min, 64°C for 1 min 
and 72°C for 1 min, and a final extension at 72°C for 
5 min. To detect rs2240308 SNP polymorphism, PCR 
product was digested with 10 U of restriction enzyme 
Mph1103I (Fermentas, Waltham, MA, USA) in a final 
volume of 20 μL; containing 1X reaction buffer (supplied 
with the enzyme) for 37˚C overnight, according to the 
manufacturer’s instructions. Following digestion, DNA 
fragments were separated on 2.5% agarose gel. The C 
allele (wild type) was visualized as two fragments (218 
and 24 bp), whereas T allele yielded just one fragment (242 
bp). To identified rs151279728 polymorphism, AXIN2 
exon 8 was amplified under following PCR conditions, 
initial denaturation at 95°C for 5 min, followed by 35 
cycles at 94°C for 45 sec, 62°C for 30 sec and 72°C for 
45 sec, and lastly final extension at 72°C for 7 min. PCR 
product was visualized by 2.5% agarose gel. The normal 
allele was visualized as 167 bp band and the deletion 
c.2013_2024del (rs151279728) was identified for 155 bp 
band. For quality control, some samples were repeated 
PCR and sequenced their product.

RNA extraction
PBMCs were separated with Histopaque 1077 (St. 

Louis, MO, USA), total RNA was extracted using 
Trizol (Invitrogen, Carlsbad, CA, USA) according to 
manufacturer’s instructions. The RNA isolated was 
quantified by spectrophotometer NanoVue (GE, Fairfield, 
CT, USA), the examination of its purity with 260/230 
and 260/280 ratios, and integrity was assessed with RNA 
6000 Nano Chip Kit on Bioanalyzer 2100 (Agilent, Santa 
Clara, CA, USA).

Real time quantitative PCR (RQ-PCR)
From 1μg of total RNA was synthesized cDNA 

using DNAse I and SuperSript III Reverse Transcriptase 
(Invitrogen, Carlsbad, CA, USA). The qPCR was 
performed using Taqman Universal PCR Master Mix 
and Taqman inventoried probes on Step One Plus Real-
Time PCR Systems (Applied Biosystems, Carlsbad, 
CA, USA) following manufacturer’s instructions. The 
following commercial available TaqMan probes were 
used, Hs99999901_s1 (18S), Hs01060665_g1 (ACTB), 
Hs00181051_m1 (APC), Hs00610344_m1 (AXIN2), 
Hs00793391_m1 (CK1α), Hs00355049_m1 (β-Catenin), 
Hs02758991_g1 (GAPDH), Hs00275656_m1 (GSK3β) 
and Hs00427259_m1 (PP2A). The expression levels were 
analyzed by threshold cycle (Ct), as recommended by 
Schmittgen and Livak (Schmittgen and Livak, 2008) with 
2-ΔCt method with equipment software DataAssist v3.01 
(Applied Biosystems, Carlsbad, CA, USA). GAPDH, 
ACTB and 18S were used as housekeeping genes. The 
samples were loaded in triplicate.

Statistical analyses 
Data analysis was carried out with SPSS software 

version 22 for Windows (Chicago, IL, USA). The 
observed genotypes were computed and tested for Hardy-
Weinberg equilibrium using Pearson goodness-of-fit 
chi-square test. Chi-square and Fisher’s exact test were 
used to evaluate the diversity of demographic variables 
as well as the allele’s frequencies and genotypes of the 
studied polymorphisms between groups. Conditional 
logistic regression model was used to calculate the odds 
ratio (OR) and 95% confidence intervals (CI) for associate 
the polymorphisms and the risk of breast cancer. The RQ-
PCR results were analyzed by fold-change calculation, it 
was considered differential expression with fold-change 
< -1.5 or > 1.5 and adjusted P-value < 0.05 by Benjamini-
Hochberg method. Student’s t-test and one-way ANOVA 
analysis were used to determine the significance between 
groups. P-values < 0.05 were considered statistically 
significant and all statistical tests were 2-sided. 

Results 

Association between rs2240308 and rs151279728 
polymorphisms and breast cancer risk

We evaluated rs2240308 SNP polymorphism (c.148 
C>T) in 102 breast cancer patients and 102 healthy 
controls, as shown in table 3; the genotype frequencies 
(CC=19.6%, CT=56.9%, TT=23.5% and CC=43.1%, 
CT=53.8%, TT=2.9%, respectively) was computed 
and tested for Hardy-Weinberg equilibrium (p>0.05), 
providing no evidence of population stratification. The 
genotypes distribution of rs2240308 polymorphism was 
significantly different between breast cancer patients and 
control group (X2=25.472 df=2, p<0.001). Homozygous 
ancestral allele (CC) was used as reference to calculate the 
risk for developing breast cancer in relation to the other 
two genotypes. Table 3 shows the genotype distribution 
of rs2240308 polymorphism (c.148 C>T) with its 
corresponding odds ratios (OR) and significance. The 
genotype analysis in breast cancer patients indicated a 
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significant association of rs2240308 polymorphism with 
breast cancer risk. The presence of T allele (CT or TT 
genotype) increasing the risk for developing breast cancer, 
compared to subjects with wild genotype CC (OR=3.1; 
CI=1.6-5.8; p<0.001). 

The AXIN2 exon 8 was amplified to identified 
rs151279728 polymorphism; an in-frame 12 bp deletion 
(c.2013_2024del12), generating a loss of 4 amino acids 
residues 672-675 (delTTPR). A total of 204 women 
(102 breast cancer patients and 102 healthy controls) 
were genotyped for this polymorphism. The deletion 
was observed in breast cancer patients (Table 3), which 
is noteworthy, was not found it in the control group. 
From 102 breast cancer patients, 3 (2.9%) cases were 
heterozygous and 5 (4.9%) cases had deletion in both 
alleles. The rs151279728 polymorphism distribution was 
significantly different between healthy controls and breast 
cancer patients (X2=9.32, df = 2, p=0.009). Normal allele 
(with no deletion) was used as reference to calculate the 
breast cancer risk in relation to the polymorphism. Table 
3 shows the rs151279728 polymorphism distribution with 
its respective OR and significance. 

To identify the effect of young age at diagnosis on the 
association of AXIN2 polymorphisms with breast cancer, 
we divided the cases group by median age of onset (60 
years old). We stratified the cases group as patients ≤ 
60 (46.1%) or > 60 (53.9%) years old. The rs2240308 
polymorphism was associated with increased risk only in 
the young subgroup (≤ 60 years old), as well as was found 
in the overall study; older patients (> 60 years old) with 
T allele did not show significant association with breast 
cancer risk (Table 3). The rs151279728 polymorphism 
was not associated with increased risk of breast cancer in 
relation to age of onset. Among the group of breast cancer 
patients, we stratified by histological type as invasive 
ductal carcinoma – IDC (78.4%), or others carcinomas, 
including invasive lobular carcinoma - ILC, ductal 
carcinoma in situ and invasive breast papillary carcinoma 
(19.6%); tumor stage as early-stage I - II (71.6%) or 
advance-stage III - IV (28.4%); tumor size as T1 (44.1%) 
or T2 + T3 (55.9%); lymph node status as positive 
(44.1%) or negative (55.9%); and hormone receptor 
status. Each subgroup was separately compared with the 
control group to determine the effect of histo-pathological 
characteristics on the association of AXIN2 variants with 
the breast cancer. We did not conduct analyses for the 
ER– and PR– subgroups because of limited sample size. 
A logistic regression analysis revealed the rs2240308 
polymorphism was significantly associated with risk in 
IDC patients (OR=2.8; CI=1.1-7.3; p=0.036), early-stage 
(OR=3.3; CI=1.2-9.3; p=0.236) ER+ (OR=3.3; CI=1.2-
8.8; p=0.018), PR+ (OR=3.0; CI=1.1-8.1; p=0.027), 
HER2- (OR=7.9; CI=2.2-28.8; p=0.002) and lymph node 
positive subgroups (OR=4.2; CI=1.1-15.9; p=0.036), 
but not in others carcinomas, advance tumor stage and 
HER2+ subgroups. The tumor size subgroups were not 
associated the rs2240308 polymorphism with risk to breast 
cancer. The rs151279728 polymorphism was significantly 
associated with risk in early-stage, tumor larger size, ER+, 
PR+ and HER2- subgroups. The genotype distribution 
with odds ratio, confidence interval and significance 

p-value are shown in Table 3.

Gene expression profile of the β-catenin destruction 
complex in breast cancer patients

We evaluated the APC, AXIN2, CK1α, β-catenin, 
GSK3β and PP2A gene expression level in 102 breast 
cancer patients and 102 normal healthy controls. Figure 1 
shows the fold-change (FC) value for every gene in breast 
cancer patients compared to control group. Significant 
increase was observed in AXIN2 gene expression (2.33-
fold, p= 0.0348) in breast cancer patients. 

We explored the association between gene expression 
profile and histo-pathological characteristics. The others 
carcinomas subgroup showed decrease expression level 
compared with IDC subgroup for CK1α (p=0.007) and 
PP2A (p=0.002) genes (Figure 2.a and 2.b, respectively). 
Concerning tumor stage, we found differential expression 
profile between early and advance-stage. Significant 
decrease was observed for APC (p=0.003) and GSK3β 

Figure 1. Relative Gene Expression Profile of the 
β-catenin Destruction Complex in Breast Cancer 
Patients. **, Indicate significance difference between breast 
cancer patients and control group, p ≤ 0.05

Figure 2. Relative Gene Expression Profile of the 
β-catenin Destruction Complex and Histo-pathological 
Characteristics in Breast Cancer Patients. *, Indicate 
significance difference between breast cancer patients subgroups, 
p < 0.05
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(p=0.013) gene expression in advance-stage versus early-
stage (Figure 2.c and 2.d, respectively). Regarding tumor 
size, APC gene expression was significant decreased 
(p<0.001) in T2 + T3 subgroup (Figure 2.e). Finally, 
β-catenin gene expression was significant increased in 
HER2+ patients (p<0.001) compared with HER2- patients 
(Figure 2.f). 

The association between rs2240308 and rs151279728 
polymorphism and gene expression profile of the β-catenin 
destruction complex in breast cancer patients

We determined the AXIN2 variants effect on the gene 
expression of the β-catenin destruction complex. We 
stratified the breast cancer group as patients with ancestral 
allele and patients with variant allele for rs2240308 and 
rs151279728 polymorphisms, separately. We found 
significant increased expression of PP2A gene associated 
with variant allele subgroup for rs2040308 (p=0.004) and 
rs151279728 (p=0.013) polymorphisms. Additionally, the 
breast cancer group was stratified according rs2240308 
+ rs151279728 polymorphisms combination in wild 
genotype patients for two polymorphisms and patients 
with at least a variant allele. Our analyses showed a 
significant increase of PP2A gene expression level 
for variant allele subgroup (p=0.004). No significant 
association was found between APC, AXIN2, CK1α, 
β-catenin and GSK3β gene expression and rs2240308 
and rs151279728 polymorphisms. 

Discussion

The Wnt pathway plays an important role in 
the carcinogenesis process, as part of proliferation, 
differentiation and cell morphogenesis processes; 
alterations of Wnt pathway have been linked to different 
cancers, including breast cancer (Howe and Brown, 2004; 
Polakis, 2007; Clevers and Nusse, 2012; Khalil et al., 
2012). Genetic alterations of Wnt pathway components 
were strongly associated with different pathologies and 
particularly AXIN2 have been associated with dental 
agenesis (Lammi et al., 2004; Mostowska et al., 2006), 
orofacial clefts (Letra et al., 2009; Han et al., 2014) and 
cancer (Lustig et al., 2002; Salahshor and Woodgett, 
2005; Gunes et al., 2009; Chapman et al., 2011; Alanazi 
et al., 2013). AXIN2 mutations are infrequent in human 
primary breast cancer, AXIN2-null mice model presented 
a high susceptibility to develop cancer after carcinogenic 
exposure, furthermore, breast tumor showed high invasive 
capacity (Yook et al., 2006), demonstrated the important 
role of AXIN2 in carcinogenesis process. AXIN2 is an 
important negative regulator of Wnt pathway. In absence 
of Wnt stimulus, AXIN2 induces β-catenin degradation 
by the β-catenin destruction complex, a large multiprotein 
complex which includes APC, GSK3β, CK1α and PP2A, 
additionally, AXIN2 is a transcriptional target of β-catenin 
as part of a negative feedback loop (Jho et al., 2002; Lustig 
et al., 2002; Moon et al., 2004; MacDonald et al., 2009). 
AXIN2 gene is located on chromosome 17q21-25, a region 
that presents frequently chromosomal rearrangements in 
breast cancer (Dong et al., 2001; Salahshor and Woodgett, 
2005).

In our study, for the first time it was explored the 
association between rs2240308 and rs151279728 
polymorphisms and breast cancer risk in 102 breast cancer 
patients and 102 healthy controls from São Paulo state, 
Brazil. The AXIN2 rs151279728 polymorphism was 
found previously in adrenocortical tumors (Chapman 
et al., 2011), human colorectal cell lines (Suraweera 
et al., 2006) and melanoma (Castiglia et al., 2008). 
The rs151279728 polymorphism is an in-frame 12 bp 
deletion in exon 8 of AXIN2 gene (c.2013_2024del12), 
and it was not evaluated in peripheral blood of cancer 
patients to determine the germline or somatic origin at 
the time. Castiglia et al. in 2008 (Castiglia et al., 2008) 
detected the rs151279728 polymorphism in PBMCs and 
tumoral cell of a melanoma patient suggesting a germline 
genetic alteration, but the variant was not found in any 
of the 93 control individuals. A similar study detected 
a deletion in familial melanoma patients, interestingly, 
the variant was found in healthy family members who 
did not develop melanoma, but was not found in 153 
unrelated healthy controls (Pedace et al., 2011). In this 
study, rs151279728 polymorphism was found in 8 out 
of 102 breast cancer patients and no one of 102 healthy 
controls, proving evidence of germline origin, besides 
the strong association of rs151279728 variant and breast 
cancer risk. We explored the clinic-pathological variables 
effect into the rs151279728 polymorphism distribution. A 
similar trend was observed, compared with overall results; 
the polymorphism conferred increased risk in early-stage, 
tumor larger size, ER+, PR+ and HER2- subgroups. The 
functional consequence of rs151279728 polymorphism is 
unclear, but it is located in a hot spot mutation region of 
exon 8 (Salahshor and Woodgett, 2005), this region is the 
hypothetical binding site for PP2A, which acts as a positive 
regulator of the Wnt pathway by dephosphorylation of 
AXIN2. The rs151279728 variant leads to loss of two 
threonine amino acid residues that could be the target of 
PP2A (Willert et al., 1999; Chapman et al., 2011).

The rs2240308 SNP polymorphism is a C>T 
nucleotide change at position 148 of AXIN2 exon1; this 
variant generates a replacement of proline to serine at 
codon 50. The rs2240308 polymorphism (p.Pro50Ser) is 
located near RGS domain (amino acids 81 to 200), this 
domain involves the APC-binding site and participates 
in tumor suppressor function of AXIN2 protein, through 
the β-catenin destruction complex assembly and Wnt 
pathway regulation (Rubinfeld et al., 1997; Kanzaki et 
al., 2006). Prior studies evaluated the association between 
rs2240308 polymorphism and cancer, tooth agenesis and 
orofacial clefts risk. Some reports did not find association 
between this polymorphism and orofacial clefts, prostate, 
ovarian, head and neck cancer (Kanzaki et al., 2006; 
Letra et al., 2009; Pinarbasi et al., 2011; Mostowska et 
al., 2014). However, Gunnes et al. and Kanzaki et al. 
evaluated the rs2240308 SNP in Turkish and Japanese 
populations, respectively, and its association with lung 
cancer (Kanzaki et al., 2006; Gunes et al., 2009). Both 
studies linked the rs2240308 variant and lung cancer. 
The results concluded that the SNP confers protection 
to lung cancer; TT genotype showed a decreased lung 
cancer risk. Wang et al. detected the rs2240308 SNP in 
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PBMCs of breast cancer patients from North-America 
(Wang et al., 2008), but the authors did not find association 
between rs2240308 polymorphism and breast cancer risk. 
Unlike, we found significant difference between breast 
cancer patients and control group, in respect to genotype 
distribution, and our results suggest a strong association 
between T allele presence (CT or TT genotype) and 
increased breast cancer risk. We evaluated the clinic-
pathological variables effect into the rs2240308 SNP 
distribution. A similar trend was observed, compared with 
overall results; the polymorphism conferred increased 
risk even after stratification based on histological type, 
hormone receptor status, lymph node status and age of 
on-set. Wang et al., examined others AXIN2 SNPs and 
reported common results a significantly elevated risk with 
younger breast cancers patients (Wang et al., 2008), while 
Alanazi et al. found a significant protective association 
with younger breast cancers patients (Alanazi et al., 
2013). The discrepancy could be due to different study 
population (sample size, ethnical diversity), suggesting 
that the association of AXIN2 variants with breast cancer 
risk could be different between the populations. To our 
knowledge, this is the first study to report the rs2240308 
and rs151279728 polymorphisms associated to breast 
cancer risk in Brazilian population.

Expression profile of genes implicated in the β-catenin 
destruction complex has not been widely studied in 
breast cancer patients. Many studies have identified gene 
expression profile of Wnt pathway components in breast 
tumors samples (Lehmann et al., 2011; Gabrovska et al., 
2012), but not in peripheral blood of breast cancer patients. 
The destruction complex is a multiprotein assembly; its 
core components include to itself β-catenin, APC, AXIN2, 
CK1α, GSK3β and PP2A. Mutations and expression 
changes in destruction complex components result in 
inappropriate stabilization of β-catenin and Wnt target 
gene expression in the absence of a Wnt stimulus (Stamos 
and Weis, 2013). Herein, we explore the expression profile 
of APC, AXIN2, CK1α, β-catenin, GSK3β and PP2A 
genes in peripheral blood of breast cancer patients. Our 
analyses revealed that only AXIN2 was significantly 
up-regulated in breast cancer patients. Prior studies 
evaluated AXIN2 expression profile in breast cancer 
tumors. Consistent with our results, AXIN2 expression 
was identified to be up-regulated in breast cancer tumors 
(Gabrovska et al., 2012; Lamb et al., 2013) to be expected 
of a negative regulator of Wnt signaling in breast cancer, 
according to suggested activation of WNT signaling in 
breast cancer through the increased expression of key 
downstream targets such as AXIN2 (Lustig et al., 2002; 
Howe and Brown, 2004). Gabrovska et al. proposed the 
possibility that an up-regulated AXIN2 may still exert a 
level of growth regulation in cancers, but perhaps not to 
a level sufficient to completely arrest growth (Gabrovska 
et al., 2012). 

The β-catenin gene was up-regulated in HER2+ patients 
(p<0.001). This agrees with the observed by Tudoran et 
al. that found up-regulated β-catenin in mammary tumors 
HER2+ when compared to HER2- (Tudoran et al., 2014). 
In contrast, previous studies reported down-regulated 
β-catenin associated to HER2- tumors, suggesting that 

HER2 expression on primary tumors induces differential 
expression pattern in the peripheral blood of breast cancer 
patients (Jonsson et al., 2000). The APC is another core 
component of destruction complex. We found down-
regulated APC expression in breast cancer patients 
with advance-stage and larger size tumors. A plausible 
explication could be the tumor suppressor role of APC, 
which acts as a negative regulator of the Wnt pathway 
and other non-Wnt related functions (Nelson and Nathke, 
2013). The GSK3β was down-regulated in larger size 
tumors subgroup. GSK3β-mediated phosphorylation of 
β-catenin affects its protein concentration, localization 
and function. GSK3β may be often inactivated in most 
cancers and deemed a tumor suppressor (Kao et al., 
2014). Opposed to our results, Lamb et al. evaluated the 
GSK3β expression profile in breast cancer tumors found 
no difference in gene expression, neither association with 
receptor estrogen status or histological type (Lamb et al., 
2013). To our knowledge, for the first time it is reported 
CK1α and PP2A expression in breast cancer samples. We 
observe down-regulation of CK1α and PP2A in no-ductal 
carcinoma patients, suggesting a different molecular 
signature in blood for each breast cancer histological type. 
Consistent with priors studies, CK1α showed decrease 
expression in lung carcinoma cells, indicating that it may 
be involved in carcinogenesis process (Xie et al., 2003; 
Srivastava et al., 2012) and PP2A was down-regulated in 
clear cell renal cell carcinoma and prostatic cancer. The 
authors found PP2A decreased expression associated with 
cancer risk (Westermarck and Hahn, 2008; Li et al., 2014). 
Sablina et al. demonstrated that decreased activity of any 
PP2A subunits might contribute to the proliferation of 
cancer cells, acting as a tumor suppressor gene (Sablina 
et al., 2007). 

In conclusion, this is the first study to associate rs2240308 
(c.148C>T) and rs151279728 (c.2013_2024del12) 
polymorphisms with breast cancer risk, moreover, we 
reported for first time β-catenin destruction complex 
expression profile in peripheral blood from breast cancer 
patients. We found AXIN2 genetic alterations associated 
with higher risk of developing breast cancer and 
disturbance in β-catenin destruction complex expression 
profile associated to breast cancer. The results provide 
additional support to the role of Wnt/β-catenin pathway 
dysfunction in breast cancer tumorigenesis. Nevertheless, 
studies to investigate functional consequence of AXIN2 
variants are still required. Further investigations into the 
exact role of AXIN2 in breast cancer development are 
needed in all breast cancers types and stages.
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