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Abstract The WNT signaling is deregulated in most

human colorectal cancers (CRC). Promoter methylation

has been proposed as an alternative mechanism to inacti-

vate genes in tumors. To gain insight into the methylation

silencing of the WNT pathway during colorectal carcino-

genesis, we examined the aberrant methylation profile of

four genes, APC, Axin1, Axin2, and GSK3b in an unse-

lected series of 112 sporadic colorectal tumors by meth-

ylation specific PCR. It has been suggested that the Axin2

C148T SNP is associated with the risk of developing cer-

tain types of cancers. To assess the contribution of Axin2

SNP to CRC susceptibility, we examined the Axin2 C148T

genotype in CRC patients and 170 healthy controls by

PCR-RFLP. The frequency of CRCs with at least one gene

methylated was 18.75%. Promoter methylation of Axin2

and APC genes was detected in 7.1 and 11.9% of tumors,

respectively. No aberrant methylation was found in Gsk3b
and Axin1 gene in these tumor series. The methylation

status of APC had no significant association with clinical

parameters. But, promoter methylation of Axin2 was sex-

related, occurring more frequently in females (P = 0.002).

The frequency of Axin2 C148T genotypes were similar in

patients and controls. Moreover, we observed no

association between the Axin2 SNP and risk of CRC in

patients stratified by age, sex, and smoking status. How-

ever, the heterozygote CT genotype was associated with a

reduced CRC risk in distal patients compared with proxi-

mal patients (OR = 0.3; 95% CI 0.1–0.9, P = 0.04). Our

findings indicate that Axin1 and GSK3b methylation play a

minor role in colorectal carcinogenesis.

Keywords Colon cancer �WNT signaling � AXIN2 P50S
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Introduction

Colorectal cancer (CRC) is the third most common cause

of cancer-related deaths world-wide, and its incidence has

also sharply increased over the last decades in Iran [1].

Molecular studies have shown that dysregulation of

Wingless (WNT) signaling pathway is a crucial event in

the pathogenesis of CRC with APC mutations seen in more

than 80% of sporadic CRC [2, 3]. The Wnt proteins are a

family of 19 conserved secreted glycoproteins that signal

via seven transmembrane spanning receptors of the Friz-

zled family [4]. b-Catenin is the key component of the

canonical WNT pathway and is regulated by a multi-pro-

tein complex consisting of glycogen synthase kinase 3b
(GSK3b), AXIN, casein kinase 1a (CK1a), and APC. In

the absence of a WNT signal this protein complex pro-

motes the phosphorylation of b-catenin, which leads to its

ubiquitylation and degradation by the 26S proteasome [5].

Wnt signalling pathway is turned on in nearly all colo-

rectal carcinomas [3, 6], therefore identifying all genetic

and epigenetic alterations affecting the WNT signaling

pathway is important to understanding CRC tumorigenesis.

The WNT pathway is deregulated by both DNA sequence
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changes and by promoter hypermethylation of the key

components that results in transcriptional silencing [7, 8].

Epigenetic events have been hypothesized to have a com-

plementary role with genetic alterations in colorectal

tumorigenesis [9].

APC is one of the key components of Wnt pathway and

its dysfunction is observed in familial polyposis coli (FAP)

patients and in as many as 80% of sporadic colorectal

adenomas and carcinomas [2, 3]. Two AXIN gene family

members have been identified in humans, AXIN1 and

AXIN2/Conductin, and both genes indicate mutations in

some colorectal carcinomas [10, 11]. The Axin2 gene, a

negative regulator of Wnt signaling, also acts as a tumor

suppressor gene [12, 13]. Associations between polymor-

phisms in the Axin2 gene, including exon2 P50S, with lung

[14] and breast [15] cancers have previously been shown.

Although many studies have analyzed the alteration of

WNT-related genes in CRC, but limited studies have

addressed multiple components of the pathway in the same

tumor series [16, 17]. In this study we analyzed the pro-

moter hypermethylation of APC, GSK3b, Axin1, and Axin2

genes of WNT signaling pathway in 112 sporadic colo-

rectal tumors. The series has also been examined for

association between single nucleotide polymorphism

(SNP) at codon 50 of the Axin2 gene and CRC risk.

Subjects and methods

Study population, and tumor samples

Surgically resected tumors and surrounding normal tissues

from 112 patients with CRC were collected from patients

who received surgical treatment at three university hospi-

tals in Shiraz, southern Iran between the years 2003 and

2005. Ethics approval for the project was obtained from the

institutional ethics committee. Tumor samples were snap-

frozen immediately after surgical resection and stored at

-80�C. All samples were evaluated and subjected to his-

tological diagnosis by an expert pathologist, who also

selected representative tissue sections for DNA extraction

and further molecular analyses. The splenic flexure was

used as the anatomical boundary to define proximal and

distal CRC. Information on the age, sex, and smoking

history of the patients was obtained from hospital records.

Methylation-specific PCR (MS-PCR)

DNA extracted from tumor and normal samples according to

the standard phenol/chloroform method. The status of pro-

moter methylation of the APC (promoter 1A), Gsk3b, Axin1,

and Axin2 genes were determined by MSP-PCR. The

sequences of primers and annealing temperatures used for

amplification of the promoter regions of genes are listed in

Table 1. We determined the genes promoter methylation

status by chemical treatment of DNA samples with sodium

bisulfite and subsequent MS-PCR as previously described

[18]. In every sodium bisulfite conversion reaction, DNA

from peripheral blood lymphocytes and CpGenome
TM

Uni-

versal Methylated DNA (Milipore, CA) were included as a

negative and positive control, respectively. PCR products

were analyzed by electrophoresis on 2% agarose gel.

Axin2 codon 50 genotyping

Genotyping of Axin2 at codon 50 (C148T, Pro50Ser,

rs2240308) of DNA from 179 controls and 110 CRC cases

was performed by PCR-RFLP analysis. Genomic DNA

from the samples was used as a template in PCR reactions

using two Axin2 primers encompassing Axin2 exon2 where

the P50S substitution is known to take place. One nucle-

otide at the 30-side of the reverse primer was changed

(Table 1) to create, in cases of a wild- type 148 C nucle-

otide in the DNA template, a Mph1103I recognition site

50ATGCA;T30. The mutant allele with 148T does not

contain the Mph1103I recognition sequence at the corre-

sponding position. Mph1103I digestion of the 242 bp PCR

product resulted in 218 and 24 bp fragments for the wild-

type (148C) allele. Amplified fragments were digested

overnight with 5U mph1103I restriction enzyme (MBI

Fermentas, Vilnius, Lithuania) at 37�C. Digestion products

were analyzed by electrophoresis on 10% polyacrylamide

gels and stained with ethidium bromide and visualized

under UV illumination.

Statistical analysis

Statistical analysis was performed using the SPSS version

16 software package (Chicago, IL). Associations between

methylation of loci and clinical, biological and genotypic

features were evaluated using Chi square and Fisher’s

exact test as appropriate. Logistic regression was used to

calculate odds ratio (OR) and 95% confidence intervals

(95% CI). OR and 95% CI were adjusted for covariates,

specifically including age and gender. A P-value of\0.050

was considered to be statistically significant.

Results

Distribution of selected characteristics of cases

We investigated 112 sporadic CRC tumors for promoter

hypermethylation of four key genes affecting the WNT

signaling pathway, including APC, Gsk3, Axin1, and

Axin2. Single nucleotide polymorphism (SNP) at codon
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50 of the Axin2 gene was also analyzed in these tumors.

The CRC series investigated in this study have also been

characterized previously for mutation and the methylation

status of several other tumor-related genes. Therefore, this

should be considered as an extension of our previous

study, which could be consulted for detailed information

[19].

Cases were more likely to be males (62.5%) and older

than 60 years (61.6%). The incidence of distal tumors was

higher than proximal tumors. Thirty patients (26.8%) had

tumors in the proximal colon and 82 (73.2%) in distal parts.

No statistically significant differences were found between

proximal and distal cancer cases with respect to sex, age

and smoking status. The majority of distal tumors was

found to be well/moderately differentiated (98.6%) and

was stage II or higher (93.2%).

APC2, Gsk3b, Axin1, and Axin2 gene methylation

profiles

Aberrant methylation is a potential means of inactivating

tumor suppressor genes, and various genes have been

demonstrated to be hypermethylated and silenced in colo-

rectal neoplasia. However, limited data is available upon

the concurrent methylation of multiple genes involved in

WNT signaling pathway in colorectal cancer. In this study,

we investigated the promoter methylation of four genes,

APC2, Gsk3b, Axin1, and Axin2, involved in CRC carci-

nogenesis, using methylation-specific PCR. Illustrative

examples of MSP reactions for promoter methylation

analysis are shown in Fig. 1. The epigenetic profile of

genes involved in WNT signaling pathway in the 112 CRC

patients we studied are summarized in Table 2. The fre-

quency of tumor methylation (tumors with at least one gene

methylated) was 21/112 (18.75%). We found methylation

of APC and Axin2 genes in 13 (11.9%) and 8 (7.1%) of

CRC patients, respectively. Aberrant promoter methylation

in Gsk3b and Axin1 gene was not detected in the 112 CRC

cases investigated. Only one of the tumors had simulta-

neous CpG island hypermethylation of both APC and

Axin2 genes’ promoters.

Aberrant methylation of the APC promoter was not

associated with significant differences of gender, age of

onset, and other clinical pathological features of CRC

cases.

Furthermore, APC promoter hypermethylation was not

associated with aberrant methylation of other genes ana-

lyzed previously in some of these primary colorectal car-

cinomas [18, 19], including the cell cycle regulator p16, the

DNA mismatch repair genes MLH1 and MSH2, and K-ras

mutation. Finally, APC methylation was not more common

in MSI positive tumors than in MSI negative CRCs.T
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We found no significant differences in association of

methylation of Axin2 gene by age, smoking status, tumor

location or stage and differentiation of tumors (Table 2).

But, promoter methylation of Axin2 was sex-related,

occurring more frequently in females. 87.5% of CRC

tumors with Axin2 hypermethylation were found in female

patients, but only 12.5% in male patients (P = 0.002).

Distribution of Axin2 C148T genotype

Samples were analyzed for the presence of a point mutation

that occurs in the Axin2 gene leading to a change of proline

to serine at position 50 of the AXIN2 protein. Genotyping

was performed by PCR-RFLP analysis using Mph1103I

restriction enzyme, as shown in Fig. 2. Genotype fre-

quencies and odds ratios for Axin2 genotypes and colon

cancer are presented in Table 3. Prevalence of the Axin2

148T allele did not differ significantly between controls

(41.9%) and cases (43.2%). The distribution of Axin2 148

genotypes among both controls (CC, 30.7%; CT, 54.7%;

TT, 14.5%) and cases (CC, 30.9%; CT, 51.8%; TT, 17.3%)

agreed with that expected from the Hardy–Weinberg

Fig. 1 Representative examples of MSP reactions for promoter

methylation analysis of APC, GSK3b, Axin1, and Axin2 genes in

primary CRC tumors. The presence of a visible PCR product in those

lanes marked U indicates the presence of unmethylated genes; the

presence of a product in those lanes marked M indicates the presence of

methylated genes. C positive control, MR the 100 bp DNA size marker

Table 2 Associations between

genes promoter methylation and

clinicopathological features of

CRC patients

* P-value from Fisher’s exact

test

Variables Axin2, n (%) APC, n (%)

M U *P M U *P

Total 8 (7.1) 104 (92.9) 13 (11.9) 96 (88.1)

Age

\60 3 (7) 40 (93) 1.0 7 (16.3) 36 (83.7) 0.3

C60 5 (7.2) 64 (92.8) 6 (9.1) 60 (90.9)

Sex

Male 1 (1.4) 72 (98.6) 0.002 7 (9.86) 64 (90.14) 0.4

Female 7 (17.9) 32 (82.1) 6 (15.79) 32 (84.21)

Smoking

Smoker 5 (8.9) 51 (91.1) 0.7 7 (15.79) 48 (84.21) 1.0

Non-smoker 3 (5.4) 53 (94.6) 6 (11.1) 48 (88.9)

Location

Distal 5 (6.1) 77 (93.9) 0.4 8 (10.13) 71 (89.87) 0.3

Proximal 3 (10) 27 (90) 5 (16.7) 25 (83.33)

Tumor stage

I 3 (23.1) 10 (76.9) 0.08 3 (23.07) 10 (76.93) 0.4

II 2 (3.4) 57 (96.6) 5 (8.47) 54 (91.53)

III 2 (7.4) 25 (92.6) 3 (12) 22 (88)

IV 0 (0) 4 (100) 0 (0) 4 (100)

Differentiation

Well 2 (4) 48 (96) 0.3 6 (12.5) 42 (87.5) 0.7

Moderate 5 (11.1) 40 (88.9) 6 (13.3) 39 (86.7)

Poor 0 (0) 5 (100) 0 (0) 5 (100)
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equilibrium (v2 = 2.77, P [ 0.05; v2 = 0.34, P [ 0.05,

respectively).

We examined the relationship between Axin2 poly-

morphisms and the risk of CRC. Because of the rela-

tively small numbers of individuals with the TT

genotype, we combined individuals with Axin2 148 TT

and CT genotypes. In case–control comparisons, we

observed no differences in frequencies of Axin2 C148T

genotypes in patients stratified by the clinicopathologic

variables (Table 3). In the entire group of patients, the

Axin2 CT/TT genotype was not associated with the risk

of cancer incidence (Table 3).

In case–case comparisons, the heterozygote CT geno-

type was associated with a reduced CRC risk in distal

patients compared with proximal patients (OR = 0.3; 95%

CI 0.1–0.9, P = 0.04). No differences in frequencies of the

Fig. 2 PCR-RFLP assay for genotyping Axin2 148C/T polymor-

phism. For PCR-primers and reaction conditions see ‘‘Subjects and

methods’’. The differently sized allele-specific digestion products

were separated by electrophoresis on a 10% polyacrylamide gel. UD
undigested PCR product, M DNA size marker

Table 3 The frequencies of the

C148T genotype of the Axin2

gene in sporadic CRC patients

and controls

a Odds ratio and 95%

confidence interval for

frequency of the CT or TT

genotype in CRC patients taking

the first category as reference;

odds ratio adjusted for sex and

age
b Odds ratio and 95%

confidence interval for

frequency of the CT or TT

genotype in CRC patients

compared with the control

group; controls with the wild

type CC genotype were used as

reference category. Odds ratio

adjusted for sex and age

* Missing information on

variable of smoking status for

controls

Variables Number CC CT TT CT?TT OR (95% CI)a

Cases, n (%)

Total 110 34 (30.9) 57 (51.8) 19 (17.3) 76 (69.1)

Age

\60 42 12 (28.6) 24 (57.1) 6 (14.3) 30 (71.4) 1

C60 68 22 (32.4) 33 (48.5) 13 (19.1) 46 (67.6) 0.85 (0.36–1.98)

Sex

Male 72 23 (31.9) 38 (52.8) 11 (15.3) 49 (68.1) 1

Female 38 11 (28.9) 19 (50) 8 (21.1) 27 (71.1) 1.2 (0.5–2.7)

Smoking

Non-smoker 54 13 (24.1) 30 (55.6) 11 (20.4) 41 (75.9) 1

Smoker 56 21 (37.5) 27 (48.2) 8 (14.3) 35 (62.5) 0.5 (0.2–1.3)

Location

Proximal 30 6 (20) 21 (70) 3 (10) 24 (80) 1

Distal 80 28 (35) 36 (45) 16 (20) 52 (65) 0.4 (0.1–1.1)

Tumor stage

I 13 4 (30.8) 6 (46.2) 3 (23.1) 9 (69.2) 1

II 58 18 (31) 26 (44.8) 14 (24.1) 40 (69) 1.0 (0.3–3.7)

III 27 5 (18.5) 20 (74.1) 2 (7.4) 22 (81.5) 2.0 (0.4–9.4)

IV 4 2 (50) 2 (50) 0 (0) 2 (50) 0.5 (0.05–4.9)

Differentiation

Well 50 14 (28) 26 (52) 10 (20) 36 (72) 1

Moderate 44 13 (29.5) 24 (54.5) 7 (15.9) 31 (70.5) 0.5 (0.05–5.4)

Poor 5 1 (20) 4 (80) 0 (0) 4 (80) 0.6 (0.05–5.5)

Controls, n (%)b

Total 179 55 (30.7) 98 (54.7) 26 (14.5) 124 (69.3) 1.02 (0.6–1.7)

Age

89 24 (27) 51 (57.3) 14 (15.7) 65 (73) 1

90 31 (34.4) 47 (52.2) 12 (13.3) 59 (65.6) 0.7 (0.3–1.3)

Sex

127 39 (30.7) 67 (52.8) 21 (16.5) 88 (69.3) 1

52 16 (30.8) 31 (59.6) 5 (9.6) 36 (69.2) 1.1 (0.5–2.3)

*
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Axin2 C148T genotypes were found in patients stratified by

sex, smoking status, and tumor stage.

Discussion

The WNT signaling is regulated by a complex consisting of

APC, AXIN, and GSK-3b. Molecular studies have shown

that the Wnt signaling pathway is deregulated in over 90%

of human colorectal cancers [2, 3]. Inactivation of genes

involved in Wnt signaling leads to accumulation of

b-catenin in the cytoplasm and nucleus, and thereby acti-

vation of WNT pathway. Loss of tumor suppressor genes

expression could happen either by mutation or promoter

hypermethylation [4, 5]. Although many studies have

investigated the WNT components in CRC, but only a few

have studied the aberrant methylation of multiple compo-

nents within the same tumor series [3, 17].

To explore the contribution of aberrant methylation of

components of Wnt signaling pathway to the carcinogen-

esis of CRC, we examined promoter methylation of four

genes (APC, Axin1, Axin2, and GSK3b) in sporadic colo-

rectal cancers. Among 112 patients with primary tumors,

7% contained Axin2 methylation and 12% APC methyla-

tion (Table 2). We found no aberrant promoter methylation

of Gsk3b and Axin1 genes in this tumor series.

Promoter methylation of APC gene has been reported in

a substantial proportion of sporadic CRCs [20, 21], how-

ever data pertaining to Axin1, Axin2 and GSK3b methyla-

tion in colorectal cancer are scarce. The frequencies of

APC methylation have varied greatly among various

studies of primary CRC tumors in different populations and

have been reported to range between 0 and 62.4% [20–24].

Our findings is in line with the observation of Lin et al.

[17], which found aberrant promoter methylation of APC,

GSK-3ß, and Axin1 genes in 12.4, 2.2, and 0% of 185 CRC

patients in Taiwan, respectively.

The reported variations in promoter hypermethylation

frequencies of different tumor suppressor genes in colo-

rectal cancer can be explained by different methods for

analyzing methylation, incomplete bisulphite modification,

tumor heterogeneity, and the fact that different parts of the

gene promoter region in question have been analyzed. We

used the same method and the same previously reported

primer sets for amplification of the APC promoter 1A [20]

and the GSK3b promoter [17]. We assume that differences

in the genetic or environmental factors among study pop-

ulations might also be involved in the methylation events

that are found and reported.

Down-regulation of APC is an early event observed in

colorectal carcinogenesis that leads to activation of WNT

signaling. We did not analyze the APC mutational status in

this group of patients. However, Esteller et al. [20]

demonstrated that methylation affects only wild-type APC

in 95% of sporadic CRC cases and is not observed in

tumors from FAP patients who have germ-line APC

mutations. Therefore, aberrant gene’s promoter methyla-

tion has been proposed as an alternative mechanism to

mutation of APC inactivation in colon tumorigenesis.

In accordance with previous results [3, 20, 25], we found

no correlation between APC methylation and clinico-

pathological features of these tumors. Some studies have

suggested that MSI was associated with promoter methyl-

ation of APC and Axin2 genes [25, 26], whereas consistent

with other previous reports [3, 20], we did not observe a

relationship between APC or Axin2 promoter methylation

and MSI CRCs (data not shown). Kim et al. suggested that

APC methylation-KRAS mutation-p16 methylation may

constitute a novel phenotype in sporadic colorectal cancer

[23]. Our results showed no correlation of APC methyla-

tion either with KRAS mutation or with other genes’ pro-

moter methylation.

In our study, the frequency of tumors with methylated

Axin2 gene was higher in female patients (P = 0.002)

(Table 2) and a nonsignificant excess of Axin2 methylation

was observed for stage 1 tumors (Table 2). Aberrant

methylation of Axin2 was mainly found in 3/13 stage I

tumors vs. 4/90 of more advanced tumors; P = 0.08). No

other association was found between Axin2 methylation

and the clinico-pathological parameters under study.

The role of GSK3b in tumorigenesis is controversial

[27]. GSK3b has been proposed to function as a tumor

suppressor for skin and mammary tumors, but might act as

a tumor promoter for colon and pancreatic cancers. GSK3b
protein overexpression has been found in human colon

cancer cell lines and colorectal cancer patients [27].

Therefore, GSK3b may be a ‘‘tumor promoter’’ for certain

types of tumors including colon cancer. Our findings

indicate that Axin1 and GSK3b methylation does not play a

role in CRC tumorigenesis.

Previous studies have shown that a single nucleotide

polymorphism (SNP) at codon 50 of the AXIN2 gene,

encoding either proline (CCT) or serine (TCT), may pre-

dispose to lung [14, 28] and breast [15] cancers. To

determine if this finding could be replicated in colorectal

cancer, we investigated the association between Axin2

C148T polymorphisms and the risk of cancer incidence in

this group of patients.

The major genotype population in both cases and con-

trols were the heterozygous CT (Pro/Ser) genotype

(Table 3). The CC, CT and TT genotype frequencies were

30.9, 51.8, and 17.3% in colorectal cancer patients and

30.7, 54.7, and 14.5% in controls, respectively. In general,

studies addressing the impact of the Axin2 Pro50Ser SNP

on predisposition to colon cancer are scarce. The associa-

tion of the AXIN2 polymorphism with CRC was

6176 Mol Biol Rep (2012) 39:6171–6178
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independently investigated in two relatively small case–

control cohorts from USA and Japan [14, 29]. Our results

are comparable to those of Peterlongo et al. [29], but dif-

ferent from those of Kanzaki et al. [14], who found a CC,

CT and TT genotype distribution of 47.7, 38.9 and 13.4% in

CRC patients and 38.2, 47.3, and 13.6% in controls,

respectively. In the study by Kanzaki et al. [14], the Axin2

SNP was found to be associated with lung cancer, but not

with col-orectal and head and neck cancers. Similar to

previous results, we observed no association between the

Axin2 SNP and risk of colorectal cancer. In all cases, no

correlation between Axin2 genotype with clinico-patho-

logical features could be established.

Axin2 exone2 encoded domain is a potential binding site

for APC [30, 31]. However, the AXIN2 P50S substitution

is predicted to be benign with little effect on the structure

and function of the AXIN2 protein [32]. It is noteworthy

that our sample size was relatively small and the tested

polymorphism in this study was also a minor genotype

which calls for a larger study population to detect a sig-

nificant association.

To our knowledge, this is the first study to investigate

the genetic and epigenetic alterations of multiple WNT

components in a cohort of Iranian colorectal cancer

patients.
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