
Purpose: β-catenin and AXIN2 play an important role in 
the Wnt signaling pathway. The aim of this study was to 
investigate β-catenin and AXIN2 expression in colorectal 
cancer (CRC) and relate these findings with patients’ clini-
copathological features and prognosis.

Methods: 57 consecutive patients with surgically treated 
CRC were included in this study. Quantitative PCR and 
immunohistochemistry (IHC) analyses were performed to 
characterize the expression of the aforementioned markers 
in CRC tissues.

Results: β-catenin overexpression in the nucleus was asso-

ciated with advanced N stage CRCs (p=0.04). Multivariate 
Cox regression analysis showed that β-catenin overexpres-
sion is an independent prognostic factor for overall surviv-
al (OS). A positive correlation between β-catenin location 
and AXIN2 mRNA was observed.

Conclusions: Nuclear β-catenin is a valuable prognostic 
factor. AXIN2 is a component of the “Destruction Complex” 
and also a Wnt target gene. However, the clinical impor-
tance of AXIN2 expression in CRC remains unclear.
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CRC is the second most common cancer 
worldwide with more than one million new cas-
es per year [1]. The cancer-related mortality is 
about 694,000 deaths per year worldwide [1] with 
about 75% of them being sporadic cases caused 
by somatic mutations [2]. The majority of the 
sporadic cases show mutations in genes involved 
in Wnt/β-catenin signaling, such as the tumor 
suppressor adenomatous polyposis coli (APC) or 
β-catenin. Mutations in these genes lead to an 
aberrant activation of the Wnt/β-catenin pathway 
[3,4].

The Wnt pathway is one of the fundamental 

mechanisms that regulate tissue homeostasis.
[5,6]. In the presence of Wnt ligands, a cascade of 
events stimulates several intra-cellular signaling 
pathways, including the canonical and the non-ca-
nonical Wnt pathway which can be further divid-
ed into the Planar Cell Polarity and the Wnt/Ca2+ 
pathway [7]. β-catenin regulation is the hallmark 
of the canonical Wnt pathway. Without Wnt sig-
naling, cytosolic β-catenin is rapidly phosphor-
ylated by a complex of proteins, comprised of 
AXIN, APC, Glycogen Synthase Kinase 3 (GSK3), 
and Casein Kinase 1 (CK1) [8,9].

A plethora of studies have shown that mu-
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tations in the Wnt components and subsequent 
activation of the pathway play an important role 
in the process of colon tumor genesis. Inhibition 
of β-catenin degradation leads to accumulation in 
the cytosol and translocation to the nucleus where 
it interacts with members of the T-cell factor/lym-
phoid enhancer factor (TCF/LEF) family of tran-
scription factors and activates target genes which 
influence cell differentiation, proliferation and 
migration [10-12]. Nonetheless reports about the 
prognostic significance of β-catenin in CRC have 
been contradictory. Researchers argue whether 
nucleus or cytoplasmic β-catenin is a better mark-
er of Wnt activity [13,14].

AXIN is a key component of the destruction 
complex and a major control point for β-catenin 
stability [15]. There are two AXIN proteins: AXIN1 
and AXIN2. AXIN2 has high structural similari-
ties and is considered functionally equivalent 
to AXIN1. However, AXIN1 is more widely ex-
pressed, whereas AXIN2 shows a more restricted 
expression pattern and serves also as a transcrip-
tional target of β-catenin-dependent Wnt signal-
ing [16,17]. Although AXIN2 appears to serve as 
a negative regulator of canonical Wnt signaling, 
there are studies that support the hypothesis that 
AXIN2 may in fact function as an oncogene rather 
than a tumor suppressor [18].

The purpose of the present study was to ex-
amine the immunohistochemical expression of 
cytoplasmic and nuclear β-catenin and the ex-
pression of AXIN2 at the messenger ribonucleic 
acid (mRNA) and protein level and correlate these 
findings with clinicopathological parameters and 
patients survival.

Methods

A total of 57 consecutive patients with CRC, sur-
gically treated at our department were included in this 
study. None of these patients had received chemothera-
py or irradiation pre-operatively. In order to avoid RNA 
degradation and preserve RNA stability, fresh frozen 
sections were stored in RNA later tissue preservative 
(Ambion, USA). Histopathological examination was per-
formed in formalin-fixed paraffin embedded biopsy sec-
tions that were cut at 5μm thickness, followed by stan-
dard hematoxylin and eosin staining. The Hospitals’ 
review board approved this study and written informed 
consent was obtained when available from each subject 
or from his/her guardian.

Immunohistochemistry (IHC)

β-catenin and AXIN2 protein expression was eval-
uated by IHC analysis in formalin- fixed paraffin-em-

bedded tissue sections. The antibodies used for β-cat-
enin and AXIN2 proteins were the following: a) β-cat-
enin: antibody H-102, class: rabbit polyclonal; epitope: 
680- 781 (Santa Cruz, CA, USA) and b) AXIN2: antibody 
H-260, class: rabbit polyclonal; epitope 541-800 (Santa 
Cruz, CA, USA). Five μm paraffin tissue sections were 
mounted on poly-L-lysine-coated slides, dewaxed, de-
hydrated and incubated with the primary antibody at 
1/100 dilution at 4°C for 2 hrs at a concentration of 
0.04 μg/ml. Biotin-conjugated secondary antibody was 
added at a 1/200 dilution for 1 hr at room temperature. 
For color development, 3’-diaminobenzidine tetrachlo-
ride (DAB) and hematoxylin were used as a counter-
stain according to the manufacturer’s instructions. In-
cubating paraffin sections in the absence of the primary 
antibody tested the specificity of each of the primary 
antibodies used in this study. The staining was scored 
according to the proportion and intensity. The propor-
tion score represents the estimated fraction of positive 
cells (< 30%, 30-50% and >50%), while the intensity 
score represents their average staining intensity (nega-
tive, weak, intermediate, and strong). The final score for 
each tumor was calculated by adding these two scores. 
The median value was used to categorize samples into 
high and low expression levels. In case of β-catenin IHC 
detection was examined separately for the cytoplasmic 
and nuclear localization of the protein.

RNA extraction

Total RNA was isolated from all samples using the 
RNeasy Midi Kit (Qiagen, Germany), according to the 
manufacturer’s instructions. RNA concentration and 
quality were assessed by spectrophotometry and by the 
use of the Agilent 2100 Bioanalyzer with Agilent 2100 
expert software system according to the manufacturer’s 
instructions (Agilent, USA). RNasey free polypropylene 
thin-wall microfuge tubes and pipette tips were used 
for all RNA preparations and assays (Perkin Elmer Co, 
Roche, Switzerland). Quantitative PCR (qPCR) was per-
formed with a DNA Engine Opticon device according 
to the manufacturer’s instructions (MJ Research). For 
each tumor sample, measurements were repeated three 
times and expression data were reported as column 
bars representing the relative fold change in mRNA 
levels for each of the designated genes as related to 
the paired adjacent normal tissue sample. The mRNA 
expression of tumors was classified as being higher or 
lower than the median value.

Statistics

Statistical analyses were performed using the x2-
test and the Kruskal Wallis test for K-independent sam-
ples where appropriate. Fisher’s exact test was used as 
an additional method for non-parametric test proce-
dures in small data sets. Disease-free (DFS) and OS were 
estimated by the Kaplan-Meier method and compared 
with the log rank test. Multivariate Cox  regression 
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analysis was used to select independent prognostic fac-
tors. Statistical analyses were performed with SPSS 8.0 
software (SPSS Inc, Chicago, Ill, USA). Two-sided tests 
were used to calculate probability values (p). Statistical 
significance was set at p<0.05.

Results

Study analysis included 41 colon and 16 rectal 
adenocarcinoma patients. Seven (12.3%) patients 
were in stage I, 19 (33.3%) in stage IIA, 3 (5.3%) 
in stage IIIA, 13 (22.8%) in stage IIIB, 5 (8.8%) in 
stage IIIC, and 10 (17.5%) in stage IV. The majori-
ty of patients (66.7%) had grade II tumors.

Cytoplasmic and focal nuclear accumulation 
of β-catenin was observed in 88% (50/57) and 25% 
(14/57) of patients respectively. Cytoplasmic accu-
mulation of AXIN2 was observed in 33% (19/57) 
of the patients and high AXIN2 mRNA in 51% 
(29/57) of the patients.

No correlation was found between cytoplas-
mic β-catenin and AXIN2 protein/mRNA and tu-
mor location, grade and TNM stage. Tumors with 
reduced or absent nuclear β-catenin expression 

were less likely to develop regional lymph node 
metastases (Table 1). Furthermore, there was no 
association between nuclear β-catenin expression 
and tumor location, grade and TNM stage (Table 
1).

The correlation between cytoplasmic and nu-
clear β-catenin expression was also evaluated and 
showed that accumulation of β-catenin in the cy-
toplasm was particularly enhanced in those cases 
with low β-catenin expression in the nucleus (Ta-
ble 2).

AXIN2 mRNA showed a significant associa-
tion with β-catenin expression. AXIN2 mRNA lev-
el was higher in low cytoplasmic and high nuclear 
β-catenin tumors (Table 3).

Univariate analyses showed that high nuclear 
β-catenin expression was significantly associated 
with a worse OS (Figure 1). No correlation was 
found with DFS.

When standard clinicopathological variables 
were adjusted for by Cox modeling, high nuclear 
β-catenin expression was still an independent pre-
dictor of short OS (Table 4).

No significant association was found between 

Table 1. Comparison of pathological parameters with 
nuclear β-catenin expression 

Parameters Nuclear 
β-catenin 

(Low)
n (%)

Nuclear 
β-catenin 

(High)
n (%)

p 
value

Tumor location
 Right colon
 Left colon
 Rectum

13 (30.2)
17 (39.5)
13 (30.2)

6 (42.9)
5 (35.7)
3 (21.4)

0.73

Τ
 Τ1
 Τ2
 Τ3

4 (9.3)
4 (9.3)

35 (81.4)

2 (14.3)
1 (7.1)

11 (78.6)

0.84

Ν
 Ν0
 Ν1
 Ν2

19 (44.2)
20 (46.5)
4 (9.3)

8 (57.1)
2 (14.3)
4 (28.6)

0.04

M
 M0
 M1

38 (88.4)
5 (11.6)

10 (71.4)
4 (28.6)

0.20

TNM stage
I
IIA
IIIA
IIIB
IIIC
IV

5 (11.6)
13 (30.2)

3 (7)
12 (27.9)
4 (9.3)
6 (14)

2 (14.3)
6 (42.9)

0 (0)
1 (7.1)
1 (7.1)

4 (28.6)

0.45

Grade of 
differentiation

 Well
 Moderate
 Poor

1 (2.3)
28 (65.1)
14 (32.6)

1 (7.1)
10 (71.4)
3 (21.4)

0.51

Table 2. Correlation between nuclear and cytoplasmic 
β-catenin

  β-catenin nuclear p value
n (%)  n (%)

β-catenin cytoplasmic Low High 0.05

Low 3 (7) 4 (28.6)

High 40 (93) 10 (71.4)

Table 3. Correlation between β-catenin and AXIN-2 
mRNA level 

AXIN-2 mRNA level p value

β-catenin cytoplasmic
Low
High

12.2 [5.7-16.6]
3.1 [1.8-8.3]

0.03

β-catenin nuclear
Low
High

2.9 [1.7-4.5]
10.8 [8.3-16.3]

0.001

Table 4. Multivariate Cox regression analysis of 
nuclear β-catenin 
Variables p value HR 95% CI

Age 0.31 1.03 0.97-1.09

Gender 0.44 1.54 0.52-4.60

Location 0.23 2.21 0.60-8.13

Grade 0.05 0.28 0.08-1.04

TNM stage <0.01 0.03 0.00-0.38

Nuclear β-catenin 0.02 3.86 1.24-11.99

HR: hazard ratio, CI: confidence interval
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AXIN2 and cytoplasmic β-catenin expression and 
patient OS and DFS.

Discussion

The Wnt/β-catenin signaling cascade is an 
important pathway involved in initiation and 
maintenance of CRC [19]. Regulation of this path-
way is realized through the level of β-catenin 
protein in the nucleus. β-catenin maintains a low 
cytoplasmic concentration through the destruc-
tion complex when the Wnt signaling pathway is 
inactivated. Otherwise, the destruction complex 
is dissolved and β-catenin accumulates in the cell 
and undergoes translocation to the nucleus [13]. 

To date, correlations between immunohis-
tochemically detected expression of β-catenin 
in CRC and prognosis remain highly variable. 
In the present study we have shown that nucle-
ar overexpression of β-catenin was associated 
with impaired survival in CRC patients (p=0.04). 
The results of our small series of patients were 
in concordance with a recent meta-analysis of 
18 studies, including 3665 cases, which showed 
that β-catenin overexpression in the nucleus rath-
er than in the cytoplasm, influenced survival of 
CRC patients [13]. On the contrary, survival anal-
ysis by Bruun et al, of 903 CRC patients, showed 
that membranous or cytosolic but not nuclear 
β-catenin independently predicted poor outcome. 
Also only membranous and cytosolic β-catenin 
was correlated with the histopathologic grade of 
the tumor [14]. In a meta-analysis by Chen et al., 
researchers concluded that β-catenin overexpres-
sion in the nucleus was not associated with the 

differentiation grade, lymph node status or depth 
of invasion. No significant association was shown 
between β-catenin overexpression in the cyto-
plasm and Dukes’ stages and lymph node status 
[9]. On the contrary, in our study nuclear β-catenin 
overexpression was associated with lymph node 
metastases (p=0.04). Similar results were reported 
by Luigli et al., which associated overexpression 
of nuclear β-catenin with higher N stage [20].

These discrepancies might be attributed to 
methodological differences and/or reflect the 
complexity surrounding the regulation of β-caten-
in translocation from the cytoplasm to the nucle-
us. The movement of β-catenin between the two 
intra-cellular compartments is a dynamic process 
orchestrated by several molecules such as BCL-9, 
APC and AXIN [21-23]. Studies have also shown 
that nuclear accumulation of β-catenin requires 
activation of Rac1 and subsequent β-catenin phos-
phorylation [24].

Although the accumulation of β-catenin in 
the cytoplasm and nuclear translocation appear 
to be highly correlated processes, immunohis-
tochemical data from CRCs series have provided 
divergent results. While some researchers have 
failed to show a correlation between expression 
of nuclear and cytoplasmic β-catenin, others have 
described the presence of a positive correlation 
[25,26]. In our study, cytoplasmic and nuclear de-
posits of β-catenin appeared to be mutually ex-
clusive, a finding that may support the notion of 
a common β-catenin pool shared between the two 
major cell compartments.

Furthermore, our study showed a correlation 
between β-catenin location and AXIN2 mRNA. 
Our results contrast previous studies reporting 
that β-catenin localization was not affected by the 
expression of AXIN2 [2]. AXIN2 is a key regulator 
in Wnt/β-catenin signaling and a target gene at 
the same time. It acts in a negative-feedback loop 
to regulate the stability of β-catenin [27,28]. The 
AXIN proteins form a multiprotein complex with 
APC and GSK-3β and conduct the degradation of 
β-catenin. Thus, by serving as a negative feedback 
mechanism for the regulation of Wnt pathway, 
AXIN could act as tumor suppressor, inhibiting 
cell dedifferentiation and proliferation [29,30]. 

On the contrary a study by Wu et al. involving 
CRC cell lines showed that AXIN 2 acts as a potent 
promoter of cancer behavior by upregulating the ac-
tivity of the transcriptional repressor Snail 1, there-
by promoting epithelial to mesenchymal transition 
(EMT) and driving metastatic activity [31]. 

The role of AXIN2 in CRC progression and 

Figure 1. Kaplan-Meier overall survival  with regard 
to nuclear β-catenin expression.

Low

High

p=0.04



Wnt pathway markers in colorectal cancer 435

JBUON 2017; 22(2): 435

survival remains elusive and unclear. In agree-
ment with our results, a study by Schaal et al. in 
a cohort of 280 CRC patients, failed to show any 
association between AXIN2 and tumors’ stage, 
histopathological grade and patients’ survival [2]. 
These discrepancies could reflect the in vivo com-
plex correlations between AXIN2 and the compo-
nents of the Wnt and EMT pathway.

Conclusion

This study showed that β-catenin is key fac-
tor in the Wnt pathway and its nuclear detection 

appears to serve as valuable prognostic factor of 
CRC patients. The inverse relationship between 
cellular and nuclear β-catenin supports the notion 
of the presence of a common β-catenin pool reg-
ulated by the Wnt components. Besides, being a 
component of the “Destruction Complex”, AXIN2 
is also a Wnt target gene. However, the clinical 
importance of evaluating AXIN2 expression in 
CRC remains unclear.
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