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Colorectal cancer (CRC) is the third most common cancer and the second leading cause of death 
worldwide.  The named “destruction complex” has a critical function in the Wnt/β-catenin pathway 
regulating the level of β-catenin in the cytoplasm and nucleus.  Alterations in this complex lead to the 
cellular accumulation of β-catenin, which participates in the development and progression of CRC.  This 
study aims to determine the contribution of polymorphisms in the genes of the β-catenin destruction 
complex to develop CRC, specifically adenomatous polyposis coli (APC) (rs11954856 G>T and rs459552 
A>T), axis inhibition protein 1 (AXIN1) (rs9921222 C>T and rs1805105 C>T), AXIN2 (rs7224837 A>G), and 
dishevelled 2 (DVL2) (2074222 G>A and rs222836 C>T).  Genomic DNA from 180 sporadic colorectal 
cancer patients and 150 healthy blood donors were analyzed.  The identification of polymorphisms was 
made by polymerase chain reaction followed by restriction fragment length polymorphism (PCR-RFLP) 
methodology.  Association was calculated by the odds ratio (OR) test.  Increased susceptibility to CRC was 
associated with the polymorphic variants rs11954856 (APC), rs222836 (DVL2), and rs9921222 (AXIN1).  
Decreased susceptibility was associated with the polymorphisms rs459552 (APC) and 2074222 (DVL2).  
Association was also observed with advanced Tumor-Node-Metastasis (TNM) stages and tumor location.  
The haplotypes G-T in APC (rs11954856-rs459552) and A-C in DVL2 (rs2074222-rs222836) were 
associated with decreased risk of CRC, while the G-T haplotype in the DVL2 gene was associated with 
increased CRC risk.  In conclusion, our results suggest that variants in the destruction complex genes may 
be involved in the promotion or prevention of colorectal cancer.
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Introduction
Worldwide, colorectal cancer (CRC) is the third most 

common cancer and the second leading cause of death in 
humans.  In Mexico, the reported incidence of CRC for the 
year 2018 was 11.2 per 100,000 individuals (Bray et al. 
2018; World Health Organization 2018).  Although little is 
known about the CRC etiology, the accumulated evidence 
supports that the underlying mechanisms involved in CRC 
are mainly influenced by genetic factors and by lifestyle 
(Brandstedt et al. 2013; Mundade et al. 2014; Valle 2014).  
The occurrence and development of CRC result from a 
complicated process regulated by several genes and signal-
ing pathways, which lead to dysfunctional cell proliferation 
and apoptosis (Mundade et al. 2014).  During this process, 
oncogenes activation, tumor suppressor genes inactivation, 
and mismatch of DNA repair genes have been observed 
(Huelsken and Behrens 2002; Giles et al. 2003).  Alterations 
of the Wnt signaling pathway leading to cytoplasmic and 
nuclear accumulation of β-catenin have been found in  
> 90% of CRC cases (Munemitsu et al.  1995; Colussi et al. 
2013).  The accumulation of β-catenin seems to play a criti-
cal role in the development of human cancer (Colussi et al. 
2013).

The activity of the Wnt/β-catenin pathway depends 
mainly on a protein complex named “β-catenin destruction 
complex” (β-CDC), which is formed by glycogen synthase 
kinase (GSK3β), adenomatous polyposis coli (APC), casein 

kinase 1α, axis inhibition protein (AXIN), and dishevelled 
2 (DVL2) (Munemitsu et al. 1995).  Changes in the activity 
of the Wnt/β-catenin pathway, induced by variations in their 
major components, contribute to the development of numer-
ous types of cancer (Munemitsu et al. 1995; Polakis 2000; 
Colussi et al. 2013).

In the absence of Wnt ligands, β-CDC removes the 
newly synthesized β-catenin protein via the ubiquitin-prote-
asome pathway.  In the presence of Wnt, this ligand binds 
to the Frizzled/LRP5/6 receptor complex and inhibits the 
activity of glycogen synthase kinase-3β (GSK3β), resulting 
in the cytoplasmic accumulation of β-catenin and its subse-
quent translocation to the nucleus.  Within the nucleus, 
β-catenin integrates a transcriptional complex with the fac-
tors TCF and LEF, activating the transcription of several 
target genes such as c-Myc, CCND1, PPARδ, and MMP-7 
(Munemitsu et al. 1995; Polakis 2000) (Fig. 1).

It is known that mutations in the β-CDC genes cause 
instability of the complex, reducing the degradation of 
β-catenin and increasing the transcription of target genes of 
the Wnt/β-catenin pathway and therefore rising the cancer 
risk (Ting et al. 2013; Paez et al. 2014).  On the other hand, 
an significant number of studies have demonstrated associa-
tion of polymorphic variants of β-CDC genes with different 
types of cancer (no CRC) and other diseases (Taniguchi et 
al. 2002; Wong et al. 2010; Letra et al. 2012; Mostowska et 
al. 2013, 2014; Feng et al. 2014; Lee et al. 2016; Yadav et 
al. 2016; Pu et al. 2017; Vijayan et al. 2018).  Few studies 

Fig. 1.  Schematic representation of the Wnt/β catenin signaling pathway.
	 The normal active state occurs when the Wnt ligand binds to the Frizzled receptor and the LRP5/6 co-receptor, activat-

ing the DVL2 protein, which, in turn, inactivates the destruction complex APC/AXIN1/AXIN2/GSK3β.  As a result, the 
β-catenin protein is not degraded, and β-catenin accumulates and migrates into the nucleus, where the Groucho protein 
is displaced and a complex with LEF-1/TCF is formed, thereby initiating transcription of target genes, such as c-Myc 
and cyclin D1 involved in the cell cycle control.  In the absence of the Wnt ligand (Normal inactive state), β-catenin is 
phosphorylated by GSK3β and degraded in proteasomes; consequently, β-catenin does not accumulate in the cytoplasm 
or pass into the nucleus.  In colorectal cancer, mutations in APC inhibit activation of the destruction complex and hence 
the phosphorylation and degradation of β-catenin.
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have analyzed the association of polymorphic variants in 
β-CDC genes with colorectal cancer, and controversial 
results were observed for the APC gene (Menendez et al. 
2004; Theodoratou et al. 2008; Picelli et al. 2010; Li et al. 
2017; Parine et al. 2019).  Polymorphisms in the DVL2, 
AXIN1, and AXIN2 genes have not been analyzed in CRC 
patients.  At our knowledge, this is the first study exploring 
the association of a group of seven germline polymor-
phisms in the DVL2, APC, AXIN2 and AXIN1 genes of the 
β-CDC with colorectal cancer.

Materials and Methods
Study population

The study included 330 individuals; 180 patients (83 females 
and 97 males) diagnosed with colorectal adenocarcinoma according 
to clinical and pathological criteria of the Hospital de Especialidades, 
Centro Médico Nacional de Occidente (CMNO), Instituto Mexicano 
del Seguro Social, (IMSS) in Guadalajara, Jalisco.  The CRC status 
was established according to the tumor-node-metastasis (TNM) clas-
sification.  The control group included 150 healthy volunteers (63 
females and 87 males).  These volunteers were not matched by age 
with the group of patients.  All subjects included in this study came 
from the metropolitan area of Guadalajara, Jalisco, Mexico.  Blood 
samples were obtained after written informed consent.  The study was 
approved by the Ethical Committee 1305 (R-2014-1305-8) of the 
Centro de Investigación Biomédica de Occidente, IMSS, and con-
ducted following the national and international ethical standards.  We 
used an epidemiologic questionnaire to collect personal data includ-
ing age, sex, family history, drinking, and smoking status.  
Information about the clinical and pathological features of the patients 
was also obtained from the hospital records.

Genotyping analysis
Seven polymorphisms were selected to examine their potential 

genetic risk to develop CRC (Table 1).  Genomic DNA was extracted 
from peripheral blood using the salting-out method (Miller et al. 
1988).  Genotyping of the APC (rs459552 and rs11954856), AXIN1 
(rs9921222 and rs1805105), AXIN2 (rs7224837) and DVL2 
(rs2074222 and rs222836) variants was performed by Polymerase 

Chain Reaction (PCR) followed by the appropriate restriction enzyme 
digestion (New England Biolabs, Ipswich, MA, USA), PCR-
restriction fragment length polymorphisms (PCR-RFLP), using the 
primer pairs and conditions of analyses described by (Mostowska et 
al. 2012, 2014) (Table 2).  One example of PCR-RFLP analysis is 
shown in Fig. 2.  The genotyping quality was evaluated by repeated 
genotyping of 10% of samples randomly selected; the concordance 
between genotyping assays was 100%.

Statistical analysis
Allele and genotype frequencies were estimated by direct count-

ing in both groups.  The Chi-squared test assessed the Hardy-
Weinberg equilibrium (HWE).  Differences in allele and genotype 
distributions and the characteristics clinical between patients and con-
trols were established by the Chi-squared test.  Association of CRC 
with alleles or genotypes and the stratified analysis by TNM stage and 
tumor location was calculated by the odds ratio (OR) and correspond-
ing 95% confidence intervals (CI) using an SPSS v17.0 software 
package (SPSS Inc., Chicago, IL, USA).  A Bonferroni correction test 
was applied to adjusted the p values (P < 0.007 was considered sig-
nificant).  Interaction of the genetic polymorphisms in both loci of 
each gene was evaluated by the combined effect of the genotypes and 
analysis of the haplotypes.  We compared the haplotypes frequency of 
each gene between patients with colorectal cancer with those of con-
trols.  The linkage disequilibrium and the haplotype frequencies were 
calculated using the Haploview 4.2 software.  For the in silico func-
tional assessment, the amino-acid predictions were performed by the 
PolyPhen2 (Polymorphism Phenotyping v2) and PROVEAN (Protein 
Variation Effect Analyzer) software.  Additionally, we use the 
Ensembl and Clin Var software for intronic variants analysis.

Results
Characteristics of the studied population

Table 3 shows a comparative analysis of epidemiologi-
cal and clinical data for the 180 CRC patients and 150 con-
trols.  There were no significant differences between CRC 
patients and controls concerning sex, smoking status, and 
drinking status.  Only for age, a significant difference was 
observed (P = 0.001).

Gene 
symbol Gene name Chromosomal 

Location SNP ID Nucleotide 
change SNP Location Genetic association (Ref) 

APC Adenomatous 
polyposis coli 

5q22.2 

rs11954856 G>T Intron Gallbladder cancer (Yadav et al. 2016), 
Ovarian cancer (Mostowska et al. 2014), 

Colorectal cancer (Li et al. 2017). 
rs459552 A>T Missense 

(Val1822Ala) 
Gallbladder cancer (Yadav et al. 2016), 

Colorectal cancer 
 (Menendez et al. 2004; Wong et al. 2010; 

Letra et al. 2012; Feng et al. 2014).  
AXIN2 Axis inhibition 

protein 2 
17q24.1 rs7224837 A>G Intron Non-syndromic oral clefts 

 (Mostowska et al. 2013). 

DVL2 Disheveled, dsh 
homolog 2 

17p13.1 
rs2074222 G>A Intron Non-syndromic Cleft Lip with or without 

Cleft Palate (Vijayan et al. 2018), 
Non-syndromic tooth agenesis 

 (Lee et al. 2016). 

rs222836 C>T Synonymous 
(Ser207Ser) 

AXIN1 Axis inhibition 
protein 1 

16q13.33 
rs9921222 C>T Intron Osteoporotic Fracture (Pu et al. 2017). 

rs1805105 C>T Synonymous 
(Asp254Asp) 

Hepatocellular carcinoma 
 (Taniguchi et al. 2002). 

Table 1.  Genetic variants analyzed and their functional significance.
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Fig. 2.  Digestion products on 8% polyacrylamide gels stained with AgNO3.
	 A. Enzymatic digestion with BstNI to identify the genotypes of DVL2 rs222836 polymorphism.  Lane 2: 50-bp molecu-

lar marker.  Lanes 5, 7, 9, 11: C/C genotype (wild homozygous) with 153 + 57 + 4 bp.  Lanes 4, 8, 12: C/T genotype 
(heterozygous) with 210 + 153 + 57 + 4 bp.  Lanes 1, 3, 6, 10: T/T genotype (polymorphic homozygous) with 210 + 4 
bp.  B. Enzymatic digestion with EarI to identify the genotypes of the DVL2 rs2074222 polymorphism.  Lane 4: 50-bp 
molecular marker.  Lanes 3, 8, 10, 14, 15: G/G genotype (wild homozygous) with 116 bp.  Lanes 1, 5, 6, 7, 9, 11, 12, 
13: A/G genotype (heterozygous) with 116 + 63 + 53 bp.  Lane 2: A/A genotype (polymorphic homozygous) with 63 + 
53 bp.

Genotype distribution and allele frequency in the β-CDC 
variants

Table 4 shows the association analysis results of seven 
β-CDC polymorphisms.  Genotype frequencies of the single 
nucleotide polymorphisms (SNPs) analyzed in the control 
group were in agreement with the Hardy-Weinberg equilib-
rium (P > 0.05), suggesting genetic equilibrium for the 
enrolled population (data not shown).

The statistical analysis displayed an increased risk for 
CRC in individuals carrying the APC (rs11954856), AXIN1 
(rs9921222), and DVL2 (rs222836) SNPs.  Inversely, the 
APC (rs459552) and DVL2 (2074222) SNPs showed a pro-
tective effect against CRC in these individuals.  On the 
other hand, AXIN2 (rs7224837) and AXIN1 (rs1805105) 
SNPs did not show association with CRC.

Analysis by TNM stage and tumor location
Analysis of each SNP regarding TNM staging is 

shown in Table 5.  Patients with CRC were separated into 
two groups according to TNM staging (III + IV vs. I + II).  
In this analysis, patients with TNM stage III + IV were 
associated under a dominant pattern of allelic interaction in 
two SNPs: APC (rs11954856) and DVL2 (rs222836).  On 
the other hand, a protective effect for the TNM stage III + 
IV was observed in patients carrying the same model of 
inheritance with the APC (rs459552) SNP.  A comparison 
of these TNM staging groups with the control group 
showed significant differences for several polymorphisms.  
Using different models of allelic interaction, patients carry-
ing the APC (rs11954856), DVL2 (rs222836), and AXIN1 
(rs1805105 and rs9921222) SNPs showed a considerable 
risk for the TNM stage III + IV; meanwhile, patients carry-
ing the APC (rs459552), and DVL2 (rs2074222) SNPs 

Gene SNP ID 
Nucleotide 

change 
Amplicon 

size 
Restriction 

enzyme Primers for PCR amplification 
Annealing 

Temperature 
(°C) 

Restriction 
fragment length 

(bp) 

APC 
rs11954856 G>T 500 bp BslI 5´ACGTCTTTCCATTTGTTGAAGTC3´ 

5´TGTTCATGCCAAAGATGAGG3´ 58 
G = 352 + 148 
T = 500 

rs459552 A>T 347 bp MboII 5´CCCAAAGGGAAAAGTCACAAG3´ 
5´GGCGTGTAATGATGAGGTGAA3´ 

A = 260 + 48 + 39 
T = 308 + 39 

AXIN2 
rs7224837 A>G 357 bp NlaIII 5´CTGACATCTGGCACCAACAG3´ 

5´TGGTCAACTCTCCGATCCTC3´   
60 A = 154 + 135 + 68 

G = 289 + 39 

DVL2 
rs2074222 G>A 116 bp EarI 5´ACTGGAGCCATCGTTGTCAT3´ 

5´TTCCTCTCCATTCGGTGTCT3´ 62 
A = 63 + 53 
G = 116 

rs222836 C>T 224 pb BstNI 5´GGTTGGGAAGGAGAGCAAACG3´ 
5´ACCTGGCCGGATACGAGAGC3´ 

C = 153 + 57 + 4 
T = 210 + 4 

AXIN1 
rs9921222 C>T 475 bp BsphI 5´CCCAGTCCAGACACAAACCT3´ 

5´GGGCCAGTTGTCAGTATTGC3´ 56 
C = 246 + 229 
T = 344 + 111 

rs1805105 C>T 455 bp BtsCI 5´GAACTCTCTGCCTTCGCTGT3´ 
5´CGAGAGCCATCTACCGAAAG3´ 

C = 455 
T = 344 + 111 

Table 2.  Primers sequence and condition of analyses used in this study.
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exhibited a protective effect to reach the TNM stage III + 
IV.

Results of the stratified analysis of each SNP by tumor 
location are shown in Table 6.  A significantly protective 
effect for colon cancer was observed in patients with the 
presence of APC (rs459552), DVL2 (rs2074222), and 
AXIN1 (rs9921222) polymorphisms.  Notably, a significant 
risk for rectal cancer was observed in patients with presence 
of APC (rs11954856) polymorphism.

Haplotypes in the β-CDC
Four different haplotypes in the APC, AXIN1, and 

DVL2 genes were found (Table 7).  Significant differences 
were observed only for the haplotypes in APC and DVL2 
genes.  For the APC gene, the most frequent haplotypes 
were: T-A (CRC: 40%; controls: 25%), G-A (CRC: 31%; 
Controls: 30%) and T-T (CRC: 17%; controls: 19%).  In 
this study, carriers of the G-T haplotype showed a protec-
tive effect (OR: 0.39; 95% CI: 0.22-0.70, P = 0.001).

For the DVL2 gene the most frequent haplotypes were 
G-T (CRC: 40%; controls: 22%), G-C (CRC: 25%; con-
trols: 24%) and A-T (CRC: 21%; controls: 25%).  Carriers 
of the G-T haplotype showed an increased risk for CRC 
(OR: 2.36; 95% CI: 1.45-3.85, P = 0.001) and carriers for 
the A-C haplotype showed a protective effect (OR: 0.40; 

95% CI: 0.23-0.69, P = 0.001).

In silico functional prediction analysis of the β-CDC 
genetic variants

The in silico analysis demonstrated that all the genetic 
variants analyzed in this study were benign; they did not 
show a modifying impact on the protein and were classified 
as of undefined clinical significance.

Discussion
The sequencing of the human genome has allowed 

large-scale association studies in the genome, which in turn 
allows assessing the individual susceptibility to cancer.  In 
CRC patients, recent studies have identified a significant 
number of mutations in several genes predisposing to can-
cer; among these, genes participating in the Wnt/β-catenin 
pathway have been frequently involved.  The crucial role of 
β-CDCs in this signaling pathway suggests that changes in 
the components of their proteins should have a prominent 
effect on the development of cancer.  In this study, we 
investigated the potential association of genes integrating 
the β-CDC with CRC.  Some of these genes have previ-
ously been associated with genetic susceptibility to the 
development of CRC in different populations.  In this study, 
we analyzed seven SNPs and haplotypes located in four 

CRC group 
n = 180 (%) 

Control group 
n = 150 (%) 

P value 

Age (years) 
Mean 60.01 39.60 0.001* 
< 50 143 (79.4) 15 (10) 

0.001* 
> 50 37 (20.6) 135 (90) 
Sex 
Female 83 (46.1) 63 (42) 0.454 Male 97 (53.9) 87 (58) 
Drinking status 
Yes 69 (38.3) 58 (38.7) 

0.950 No 111 (61.7) 92 (61.3) 
Smoking status 
Yes 59 (32.8) 46 (30.7) 0.681 
No 121 (67.2) 104 (69.3) 
Family history of 
cancer 
Yes 30 (16.7) – 
No 150 (83.3) – 
Tumor location 
Colon 125 (69.4) – 
Rectum 55 (30.6) – 
Clinical stage TNM 
 I 2 (1.1) – 
 II 30 (16.7) – 
 III 59 (32.8) – 
 IV 89 (49.4) – 

Table 3.  Features observed in CRC patients and control group.

P values were calculated by the Chi-square test.
*P values were adjusted by the Bonferroni test (0.007).
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Frequencies 
Genotype CRC group Control group OR (95% CI) P value 

APC (rs11954856)        n = 180 (%)      n = 150 (%) 
G/G 25 (13.9) 45 (30) 1.00 (Reference) 
G/T 106 (58.9) 77 (51.3) 2.48 (1.35-4.57) 0.002*

T/T 49 (27.2) 28 (18.7) 3.15 (1.52-6.56) 0.001*

G/T+ T/T vs. G/G 155 (86.1) 105 (70) 2.66 (1.49-4.77) 0.001*

Allele 
G 156 (0.43) 167 (0.55) 1.00 (Reference) 
T 204 (0.57) 133 (0.45) 1.64 (1.19-2.26) 0.002*

APC (rs459552) 
A/A 92 (51.1) 47 (31.3) 1.00 (Reference) 
A/T 70 (38.8) 70 (46.6) 0.51 (0.31-0.85)       0.008 
T/T 18 (10) 33 (22) 0.28 (0.13-0.57) 0.001*

T/T+ A/T vs. A/A 88 (48.8) 103 (68.6) 0.44 (0.27-0.70) 0.001*

Allele 
A 254 (0.70) 164 (0.54) 1.00 (Reference) 
T 106 (0.30) 136 (0.46) 0.50 (0.36-0.70) 0.001*

AXIN2 (rs7224837) 
A/A 49 (27.2) 53 (35.3) 1.00 (Reference) 
A/G 106 (58.9) 80 (53.3) 1.43 (0.86-2.40) 0.182 
G/G 25 (13.9) 17 (11.4) 1.59 (0.72-3.52) 0.284 
G/G+A/G vs. A/A 131 (72.8) 97 (64.7) 1.46 (0.89-2.40) 0.142 
Allele 
A 204 (0.56) 186 (0.62) 1.00 (Reference) 
G 156 (0.44) 114 (0.38) 1.25 (0.90-1.73) 0.190 
DVL2 (rs2074222) 
G/G 68 (37.8) 31 (20.7) 1.00 (Reference) 
A/G 99 (55) 77 (51.3) 0.59 (0.34-1.02)       0.057 
A/A 13 (7.2) 42 (28) 0.14 (0.06-0.32) 0.001*

A/G+A/A vs. G/G 112 (62.2) 119 (79.3) 0.43 (0.25-0.73) 0.001*

Allele 
G 235 (0.65) 139 (0.46) 1.00 (Reference) 
A 125 (0.35) 161 (0.54) 0.46 (0.33-0.64) 0.001*

DVL2 (rs222836) 
C/C 38 (21.1) 39 (26) 1.00 (Reference) 
C/T 64 (35.6) 81 (54) 0.81 (0.45-1.47) 0.548 
T/T 78 (43.3) 30 (20) 2.67 (1.38-5.17) 0.002*

C/T+T/T vs. C/C 142 (78.9) 111 (74) 1.31 (0.76-2.26) 0.360 
Allele 
C 140 (0.38) 159 (0.53) 1.00 (Reference) 
T 220 (0.62) 141 (0.47) 1.77 (1.28-2.45) 0.001*

AXIN1 (rs9921222) 
C/C 42 (23.3) 57 (38) 1 (Reference) 
C/T 124 (68.9) 73 (48.7) 2.31 (1.37-3.89) 0.001*

T/T 14 (7.8) 20 (13.3) 0.95 (0.40-2.25)       0.940 
C/T+T/T vs. C/C 138 (76.7) 93 (62) 2.01 (1.22-3.34) 0.005*

Allele 
C 208 (0.57) 203 (0.67) 1 (Reference) 
T 152 (0.43) 97 (0.33) 1.21 (0.87-1.68) 0.267 
AXIN1 (rs1805105) 
C/C 29 (16.1) 30 (20) 1 (Reference) 
C/T 118 (65.6) 72 (48) 1.70 (0.90-3.18) 0.106 
T/T 33 (18.3) 48 (32) 0.71 (0.34-1.48) 0.413 
C/T+T/T vs. C/C 151 (83.9) 120 (80) 1.30 (0.71-2.37) 0.439 
Allele 
C 176 (0.48) 132 (0.44) 1 (Reference) 
T 184 (0.52) 168 (0.56) 0.82 (0.60-1.13) 0.239 

Table 4.  Genotype and allele frequencies of the polymorphisms in the β-CDC genes 
in CRC patients and the control group.

P values were calculated by the Chi-square Test.
*P values were ajusted by the Bonferroni test (< 0.007).
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genes whose protein products participate in the β-CDC: 
rs459552 (A>T) and rs11954856 (G>T) of the APC gene; 
rs9921222 (C>T) and rs1805105 (C>T) of the AXIN1 gene; 
rs2074222 (G>A) and rs222836 (C>T) of the DVL2 gene 
and rs7224837 (A>G) of the AXIN2 gene.  This report rep-
resents the first association study that simultaneously ana-
lyzes several SNPs and haplotypes in the APC, AXIN1, and 
DVL2 genes.

The achieved results suggest that the genotypes in the 
(APC) rs11954856, (AXIN1) rs9921222 and (DVL2) 
rs222836 variants play a significant role in promoting CRC; 
meanwhile, the (APC) rs459552 and (DVL2) rs2074222 
polymorphisms show a protective role for CRC.  
Stratification of the patients by tumor location showed that 
the DVL2 rs2074222 and 222836, APC rs459552, and 
AXIN1 rs9921222 polymorphisms are associated with colon 
cancer specifically; moreover, the APC rs11954856 and 
rs459552 polymorphisms were associated mainly with rec-
tal cancer.  On the other hand, the haplotypes found for the 

APC (rs11954856-rs459552) and DVL2 (rs2074222-
rs222836) genes significantly modify both colon and rectal 
cancer susceptibility.

The APC protein participates in intercellular adhesion, 
cytoskeletal organization, cell cycle regulation, and apopto-
sis (Pronobis et al. 2015), APC provides binding sites for 
the AXIN1 and β-catenin proteins (Pronobis et al. 2015), 
down regulating the Wnt/β-catenin pathway.  APC has been 
identified as a tumor suppressor gene that plays a crucial 
role in the early stages of human colorectal tumorigenesis 
(Menendez et al. 2004).  Germline mutations in the APC 
gene, usually generating a stop codon, are responsible for 
the Familial Adenomatous Polyposis (FAP), an autosomal 
dominant inherited disease (Menendez et al. 2004).  
Although multiple germline missense polymorphisms in the 
APC gene have been reported, I1307K, E1317Q, and 
D1822V are considered the most recurrent variants; how-
ever, its contribution to the CRC risk is still controversial in 
different populations (Evertsson et al. 2001; Rozek et al. 

Gene SNP 
Stage I + 
II CRC 
patients 

Stage III + 
IV CRC 
patients 

Stage III + IV  
vs. Stage I + II 
OR (95% CI) 

P value 
Controls 

Stage I + II CRC 
vs. Controls 

OR 
(95% CI) 

P value 

Stage III + IV 
CRC vs. Controls 

OR 
(95% CI) 

P value 

APC 

rs11954856 n = 32 (%) n = 148 (%) n=150 (%) 
GG 10 (31.2) 15 (10.1) 1 (Reference) 45 (30) 1 (Reference) 1 (Reference) 
GT 16 (50) 90 (60.9) 3.75 (1.29-10.8) 0.008 77 (51.3) 0.94 (0.36-2.44) 0.942 3.51 (1.74-7.16) 0.001* 
TT 6 (18.8) 43 (29) 4.78 (1.30-18.2) 0.014 28 (18.7) 0.96 (0.27-3.32) 0.825 4.61 (2.04-10.5) 0.001* 

G/T+T/T 22 (68.7) 133 (89.9) 4.03 (1.46-11.0) 0.003 105 (70) 0.94 (0.39-2.34) 0.942 3.80 (1.93-7.57) 0.001* 
rs459552 

AA 9 (28.1) 83 (56) 1 (Reference) 47 (31.3) 1 (Reference) 1 (Reference) 
AT 18 (56.2) 52 (35.2) 0.31 (0.12-0.81) 0.013 70 (46.7) 1.34 (0.52-3.56) 0.661 0.42 (0.25-0.72) 0.001* 
TT 5 (15.7) 13 (8.8) 0.28 (0.07-1.15) 0.087 33 (22) 0.79 (0.21-2.91) 0.924 0.22 (0.10-0.49) 0.001* 

A/T+T/T 23 (71.9) 65 (43.9) 0.31 (0.12-0.75) 0.007 103 (68.6) 1.17 (0.47-2.96) 0.883 0.36 (0.22-0.59) 0.001* 

AXIN2 

rs7224837 
      AA 8 (25) 41 (27.7) 1 (Reference) 53 (35.3) 1 (Reference) 1 (Reference) 
      AG 19 (59.4) 87 (58.8) 0.89 (0.33-2.39) 0.987 80 (53.3) 1.57 (0.60-4.25) 0.435 1.41 (0.82-2.41) 0.235 
      GG 5 (15.6) 20 (13.5) 0.78 (0.20-3.20) 0.463 17 (11.4) 1.95 (0.47-7.85) 0.230 1.52 (0.66-3.50) 0.376 
A/G+G/G 24 (75) 107 (72.3) 0.87 (0.33-2.24) 0.926 97 (64.6) 1.64 (0.64-4.29) 0.358 1.43 (0.85-2.40) 0.196 

DVL2 

rs2074222 
G/G 11 (34.4) 57 (38.5) 1 (Reference) 31 (20.6) 1 (Reference) 1 (Reference) 
A/G 18 (56.2) 81 (54.7) 0.87 (0.35-2.12) 0.897 77 (51.4) 0.66 (0.26-1.69) 0.465 0.57 (0.32-1.01) 0.055 
A/A 3 (9.4) 10 (6.8) 0.64 (0.13-3.52) 0.688 42 (28) 0.20 (0.04-0.88) 0.028 0.13 (0.05-0.31) 0.001* 

A/G+A/A 21 (62.6) 91 (61.5) 0.84 (0.35-1.99) 0.812 119 (79.3) 0.50 (0.20-1.24) 0.149 0.42 (0.24-0.72) 0.001* 
rs222836 

C/C 9 (28.1) 29 (19.6) 1 (Reference) 39 (26) 1 (Reference) 1 (Reference) 
C/T 17 (53.1) 47 (31.8) 0.86 (0.30-2.32) 0.930 81 (54) 0.91 (0.34-2.44) 0.982 0.78 (0.41-1.49) 0.511 
T/T 6 (18.8) 72 (48.6) 3.72 (1.08-13.1) 0.035 30 (20) 0.87 (0.24-3.06) 0.967 3.23 (1.62-6.47) 0.001* 

C/T+T/T 23 (71.8) 119 (80.4) 6.16 (1.81-21.4) 0.001 111 (74) 0.90 (0.36-2.30) 0.978 3.23 (1.62-6.47) 0.001* 

AXIN1 

rs9921222 
C/C 8 (25) 34 (23) 1 (Reference) 57 (38) 1 (Reference) 1 (Reference) 
C/T 19 (59.4) 105 (71) 1.30 (0.47-3.50) 0.746 73 (48.7) 1.85 (0.70-5.01) 0.250 2.41 (1.39-4.19) 0.001* 
T/T 5 (15.62) 9 (6) 0.40 (0.09-1.96) 0.274 20 (13.3) 1.78 (0.44-7.01) 0.340 0.75 (0.28-2.00) 0.691 

C/T+T/T 24 (75) 114 (77) 1.24 (0.42-2.92) 0.987 93 (62) 1.84 (0.72-4.80) 0.233 2.06 (1.20-3.52) 0.007 
rs1805105 

C/C 8 (25) 21 (14.2) 1 (Reference) 30 (20) 1 (Reference) 1 (Reference) 
C/T 17 (53.1) 101 (68.2) 2.26 (0.78-6.52) 0.102 72 (48) 0.89 (0.32-2.52) 0.992 2.00 (1.02-3.97) 0.044 
T/T 7 (21.9) 26 (17.6) 1.41 (0.38-5.29) 0.773 48 (32) 0.55 (0.16-1.88) 0.431 0.77 (0.35-1.72) 0.618 

C/T+T/T 24 (75) 127 (85.8) 2.02 (0.72-5.52) 0.213 120 (80) 0.75 (0.28-2.02) 0.694 1.51 (0.79-2.91) 0.238 

Table 5.  Association between TNM stage with the genotypes distribution of the β-CDC genes in CRC patients and controls.

P values were calculated by the Chi-square test.
*P values were ajusted by the Bonferroni test (< 0.007).
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Gene SNP Genotype Colon cancer 
n = 125 (%) 

Rectal cancer 
n = 55 (%) 

Controls 
n = 150 (%) 

Colon cancer vs. 
controls 

OR (95% CI) 
P value 

Rectal cancer vs. 
controls 

OR (95% CI) 
P value 

APC 

rs11954856 

G/G 20 (16) 5 (9.1) 45 (30) 1 (Reference) 1 (Reference) 
G/T 80 (64) 26 (47.2) 77 (51.4) 2.34 (1.22-4.52) 0.009 3.04 (1.01-9.75) 0.047 
T/T 25 (20) 24 (43.7) 28 (18.6) 2.01 (0.88-4.58) 0.102 7.71 (2.41-26.2) 0.001* 

G/T+TT 105 (84) 50 (90.9) 105 (70) 2.25 (1.20-4.25) 0.009 4.29 (1.51-13.1) 0.003* 

rs459552 

A/A 63 (50.4) 29 (52.7) 47 (31.3) 1 (Reference) 1 (Reference) 
A/T 50 (40) 20 (36.4) 70 (46.7) 0.53 (0.30-0.93) 0.025 0.46 (0.22-0.96) 0.038 
T/T 12 (9.6) 6 (10.9) 33 (22)    0.27 (0.12-0.62) 0.001*  0.29 (0.10-0.86) 0.021 

A/T+T/T 62 (49.6) 26 (47.2) 103 (68.6) 0.45 (0.27-0.76) 0.002* 0.41 (0.21-0.81) 0.001* 

AXIN2 rs7224837 

A/A 36 (28.8) 13 (23.6) 53 (35.3) 1 (Reference) 1 (Reference) 
A/G 75 (60) 31 (56.4) 80 (53.3) 1.38 (0.79-2.42) 0.286 1.58 (0.72-3.52) 0.295 
G/G 14 (11.2) 11 (20) 17 (11.4) 1.21 (0.49-2.99) 0.805 2.64 (0.90-7.79) 0.083 

A/G+G/G 89 (71.2) 42 (76.3) 97 (64.6) 1.35 (0.78-2.33) 0.306 1.77 (0.83-3.81) 0.155 

DVL2 

rs2074222 

G/G 49 (39.2) 19 (34.5) 32 (21.3) 1 (Reference) 1 (Reference) 
A/G 66 (52.8) 33 (60) 80 (53.4) 0.54 (0.30-0.97) 0.038 0.69 (0.33-1.48) 0.398 
A/A 10 (8) 3 (5.5) 38 (25.3) 0.17 (0.07-0.42) 0.001* 0.13 (0.03-0.54) 0.382 

A/G+A/A 76 (60.8) 36 (65.4)       118 (78.6) 0.42 (0.24-0.74) 0.001* 0.51 (0.25-1.07) 0.079 

rs222836 

C/C 27 (21.6)       11 (20) 39 (26) 1 (Reference) 1 (Reference) 
C/T 33 (26.4) 31 (56.3) 81 (54) 0.59 (0.30-1.17) 0.139 1.36 (0.58-3.22) 0.570 
T/T 65 (52) 13 (23.7) 30 (20) 3.13 (1.55-6.36) 0.001* 1.54 (0.55-4.33) 0.504 

C/T+T/T 98 (78.4) 44 (80) 111 (74) 1.28 (0.70-2.32) 0.478 1.41 (0.63-3.21) 0.482 

AXIN1 rs9921222 

C/C 30 (24) 12 (21.8) 57 (38) 1 (Reference) 1 (Reference) 
C/T 87 (69.6) 37 (67.3) 73 (48.7) 2.26 (1.27-4.03) 0.004* 2.41 (1.09-5.39) 0.027 
T/T 8 (6.4) 6 (10.9) 20 (13.3) 0.76 (0.27-2.10) 0.728 1.42 (0.41-4.84) 0.563 

C/T+T/T 95 (76) 43 (78.1) 93 (62) 1.94 (1.11-3.40) 0.018 2.20 (1.02-4.82) 0.044 

rs1805105 

C/C 16 (12.8) 13 (23.6) 30 (20) 1 (Reference) 1 (Reference) 
C/T 85 (68) 33 (60) 72 (48) 2.21 (1.06-4.64) 0.032 1.06 (0.46-2.46) 0.957 
T/T 24 (19.2) 9 (16.4) 48 (32) 0.94 (0.40-2.20) 0.970 0.43 (0.15-1.25) 0.138 

C/T+T/T 109 (87.2) 42 (76.3) 120 (80) 1.70 (0.84-3.47) 0.152 0.81 (0.36-1.81) 0.709 

Table 6.  Comparison of genotypic distribution by tumor location between CRC patients and controls.

P values calculated by Chi-square test.
*P values were ajusted by the Bonferroni test (< 0.007).

Haplotype 
Frequencies 

OR (95% CI) P value CRC group Control roup 
APC rs11954856-rs459552 

T A 70 (40%) 38 (25%) 14.5 1.87 (1.16-3.01) 0.009 
G A 56 (31%) 45 (30%) 0.28 1.05 (0.65-1.68) 0.827 
G T 22 (12%) 39 (26%) 22.08 0.39 (0.22-0.70) 0.001* 
T T 32 (17%) 28 (19%) 0.29 0.94 (0.53-1.65) 0.834 

DVL2 rs2074222-rs222836 
G T 72 (40%) 33 (22%) 23.87 2.36 (1.45-3.85) 0.001* 
G C 45 (25%) 36 (24%) 0.11 1.05 (0.63-1.74) 0.833 
A T 38 (21%) 38 (25%) 1.28 0.78 (0.47-1.31) 0.364 
A C 25 (14%) 43 (29%) 23.13 0.40 (0.23-0.69) 0.001* 

AXIN1 rs9921222-rs1805105 
C T 56 (31%) 54 (36%) 1.37 0.80 (0.50-1.27) 0.348 
C C 47 (26%) 40 (27%) 0.005 0.97 (0.59-1.58) 0.909 
T C 41 (23%) 26 (17%) 2.671 1.40 (0.81-2.43) 0.222 
T T 36 (20%) 30 (20%) 0.034 1.00 (0.58-1.71) 1.000 

𝐱𝐱𝐱𝐱𝟐𝟐𝟐𝟐 

Table 7.  Haplotype analysis of the studied polymorphisms.

*P values were ajusted by the Bonferroni test (< 0.007).
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2006).
In this study, rs459552 was the most common APC 

variant.  Located between the 4th and 57th amino acid repeat 
region in the APC protein, rs459552 participate downregu-
lating the β-catenin protein (Evertsson et al. 2001; Rozek et 
al. 2006; Feng et al. 2014).  The APC rs11954856 variant is 
located before the exon 1 and plays a role in the transcrip-
tional regulation (Yadav et al. 2016).  This polymorphism 
has been associated with different types of cancer, including 
CRC (Mostowska et al. 2014; Yadav et al. 2016; Li et al. 
2017).  Li et al. (2017) demonstrated that the variant 
rs11954856 increases the expression of the APC gene in 
patients with CRC but also, although with less intensity, of 
β-catenin and the transcription factors LEF1, TCF7L1, and 
TCF7L2.  Our results showed a significant association of 
both APC rs459552 and rs11954856 variants with the TNM 
stage and the tumor location in CRC patients.  In the haplo-
types analysis, we found a significant protective association 
of the G-T haplotype (rs11954856 and rs459552 SNPs) 
respecting to CRC.  A similar result was reported by Yadav 
et al. (2016), who found this same G-T haplotype for gall-
bladder cancer.

The in silico analysis revealed that APC rs11954856 is 
an intronic variant with a modifying impact but with unde-
fined clinical significance; however, it has been described 
that rs11954856 affects the transcriptional regulation of the 
Wnt/β-catenin signaling pathway (Li et al. 2017).  On the 
other hand, the APC rs459552 polymorphism showed to be 
a missense variant predicted with a moderate modifying 
impact and undefined clinical significance.  APC rs459552 
has been analyzed by expression quantitative trait locus 
(cis-eQTL) affecting the REEP5 expression (receptor acces-
sory protein 5), located nearly 30 kb downstream from APC 
(Hildebrandt et al. 2016).

DVL2 is a main phosphoprotein in the Wnt pathway, 
as it forms a dynamic recruitment platform for AXIN1, 
AXIN2, and other partners to transduce the Wnt/β-catenin 
signal (Metcalfe et al. 2010).  Overexpression of DVL2 has 
been described in some neoplasms, including colon 
(Metcalfe et al. 2010), leukemia (Khan et al. 2016), and 
breast (Zhu et al. 2012).  High DVL2 levels contribute to 
the nuclear accumulation of β-catenin at advanced stages of 
tumorigenic progression (Zhang et al. 2017).  Recently, 
DVL2 variants (rs2074222 and rs222836) has been associ-
ated with pathologies related to craniofacial defects 
(Vijayan et al. 2018).  The DVL2 variants are for the first 
time investigated concerning the association with CRC; our 
results showed a statistically significant association of the 
intronic (rs2074222) and exonic (rs222836) variants of the 
DVL2 gene with CRC, respecting to TNM stage, we 
observed that the rs222836 variant was associated to III+IV 
stage; with the tumor location, we observed that both vari-
ants rs2074222 and rs222836 were associated exclusively 
with colon localization.  Furthermore, the DVL2 G-T and 
A-C haplotypes were significant associated with CRC.  The 
in silico analysis showed that rs222836 is a variant with 

benign clinical significance; for the rs2074222 variant, no 
information was obtained.

The axis inhibitor (AXIN) is a multi-domain protein 
on which several cellular factors bind, suggesting that alter-
ations in its sequence would potentially lead to functional 
anomalies.  AXIN forms a complex with β-catenin, GSK3β, 
APC, protein phosphatase 2 (PP2A), catenin delta-1 
(CTNND1), and DVL2, and promotes GSK3β-dependent 
β-catenin phosphorylation (Polakis 2000; Huelsken and 
Behrens 2002).  The AXIN1 protein is a negative regulator 
of the canonical Wnt/β-catenin pathway and plays an essen-
tial role during embryogenesis (Xie et al. 2011).  Mutations 
in AXIN1 have been involved in diseases associated with 
human development processes such as caudal duplication 
anomalies and medulloblastoma (Oates et al. 2006), and 
with hepatocellular and prostate cancer (Webster et al. 
2000; Taniguchi et al. 2002), but not with CRC.  Our results 
show, for the first time, an association of the AXIN1 
rs9921222 (intronic) variant with susceptibility to CRC; 
respecting the TNM stage, we observed that both rs1805105 
and rs9921222 polymorphisms were associated with III+IV 
stage.  However, for these polymorphisms, we did not find 
any associated haplotype.  The in silico analysis shows that 
rs1805105 is a synonymous variant with a slight modifier 
impact, whereas the intronic variant rs9921222 does not 
present a modifying impact.

Finally, AXIN2 encodes a protein with 60% of amino 
acid identity to AXIN1, and both proteins contain the same 
conserved domains for binding to APC, DVL2, GSK3β, 
CK1, and β-catenin (Roberts et al. 2011; Pronobis et al. 
2015).  Our results showed no statistically significant differ-
ences for the rs7224837 polymorphism or in the haplotype 
analysis.  The in silico analysis showed that rs7224837 is 
an intronic variant with no modifying impact.

In conclusion, our findings suggest that multiple germ-
line SNPs in genes of the Wnt/β-catenin pathway may be 
associated with CRC susceptibility.  Specifically, this study 
provides the first evidence that the DVL2 rs222836 and 
AXIN1 rs9921222 polymorphisms might be a genetic risk 
factor for developing sporadic CRC; meanwhile, the DVL2 
rs2074222 polymorphism could be considered as a protec-
tive genetic factor.  Additionally, our results demonstrate 
that polymorphisms analyzed in the APC, DVL2 and AXIN1 
genes are associated with advanced stages and with tumor 
location.

The results found in the analysis of haplotypes repre-
sent a more powerful approach than the analysis of individ-
ual polymorphisms (Gast et al. 2007; Naccarati et al. 2010); 
this approach ensures an increase in statistical power.  
Assignment of alleles to chromosomes (haplotypes) also 
provides essential information on recombination during 
meiosis, which is vital for finding disease-causing muta-
tions by linkage methods (Naccarati et al. 2010).  Thus, in 
our study, haplotypes based on different β-CDC genes 
explained the differences in the risk of CRC.  The observed 
effects of the variants on the APC and DVL2 genes, in addi-
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tion to the analyzed haplotypes, probably indicate that mul-
tiple polymorphisms can modify the risk of colorectal can-
cer, either directly or through interaction with environmental 
factors.  Undoubtedly, additional studies with more diverse 
populations, more samples, and functional analysis of these 
polymorphisms are necessary to confirm and extend our 
findings; however, we suggest that these gene variants 
should be considered useful biomarkers of susceptibility or 
protection to sporadic colorectal cancer.
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