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Overexpression of Wnt-2 in colorectal cancers
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The binding of the Wnt ligand to its receptor Frizzled, activates the Wnt canonical signaling pathway in carcinogenesis 
as well as many cellular processes, including cellular proliferation and differentiation. Wnt-2, one of 19 members of the Wnt 
gene family, is frequently overexpressed in malignant tissues. Here, in order to investigate the role of Wnt-2 in colorectal 
carcinogenesis, we examined the expression of the Wnt-2 protein in 120 colorectal cancers by immunohistochemistry. 
Wnt-2 protein was expressed in the cell membrane and cytoplasm and up-regulated in 74 (61.7%) of 120 colorectal cancers. 
Statistically, overexpression of Wnt-2 protein was not associated with the clinical and pathological parameters studied, 
including tumor location, tumor size, clinical stage, lymph node metastasis, and 5-year survival (P > 0.05). These results 
indicate that up-regulation of the Wnt-2 protein might play a role in the development of colorectal cancers, as an early event 
of carcinogenesis.
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The Wnt ligand binds directly to the cystein-rich extracellular 
domain of Frizzled (Fz), activates disheveled and dissembles 
β-catenin, resulting in β-catenin stabilization and accumula-
tion in the cytoplasm [1, 2]. In general, the level of β-catenin, 
in the cytoplasm, is kept low by interaction with a protein 
complex that consists of adenomatous polyposis coli (APC), 
Axin, protein phosphatase 2A, and glycogen synthase kinase 
3β (GSK-3β). It is believed that this complex phosphorylates 
the β-catenin, thereby inducing ubiquitination-dependent 
proteolysis of β-catenin. Therefore, alterations of these genes 
cause accumulation of β-catenin, in the cytoplasm as well as 
nuclear translocation of β-catenin. After its translocation into 
the nucleus, the stabilized β-catenin binds to members of the 
Tcf/Lef family thereby activating target genes, such as cyclin 
D1 and myc. 

Several lines of evidence have shown that the Wnt signaling 
pathway related genes are involved in human cancer develop-
ment and/or progression [2]. In cancer cells, one of these genes 
is mutated, in a given tumor sample, reflecting their role in 
a common pathway of carcinogenesis [3]. For example, co-
lon tumors with mutations in the APC gene have a wild-type 

β-catenin and tumors with mutations in the β-catenin gene 
have a wild-type APC. In particular, most of the β-catenin 
mutations are activating mutations, mainly occurring at one 
of the four phosphorylation sites in exon 3 [2, 4]. In addition, 
aberrant overexpression in the cytoplasm or nuclear accumu-
lation of β-catenin is frequently found in sporadic colorectal 
cancers. [5] Moreover, mutations in the APC, β-catenin and 
Axin genes are frequently found in Western reports on colon 
cancer. These findings suggest that constitutive activation of 
the Wnt canonical pathway contributes to human carcinogen-
esis [6]. However, somatic mutations in APC and β-catenin 
genes have been only rarely detected in Korean patients with 
colorectal cancer [7]. Thus, it is likely that there are other 
mechanisms responsible for activating the Wnt signaling 
pathway in the development of sporadic colorectal cancer in 
Korean patients.

The role of Wnt signaling in cancer was suggested by 
the discovery of Wnt-1 at an integration site of MMTV in 
mouse mammary carcinomas [8]. It has been shown that the 
overexpression of Wnt (Wnt-1 and Wnt-2), with signaling 
through β-catenin, promotes transformation of mammary 
epithelial cells in the mouse cell line C57MG [9–11]. In 
addition, Wnt signaling regulates expression of the recep-
tor tyrosine kinase Met, a receptor for epithelial growth, in  
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colorectal cancer [12]. The Wnt-2 gene, located on chromo-
some 7q31.3, is highly expressed in fetal lungs and weakly
expressed in the placenta [13]. Blasband et al. has reported
that up-regulation of Wnt-2 promotes transformation of mam-
mary epithelial cells in the mouse cell line C57MG;
demonstrating the oncogenic activity of Wnt-2 [9]. In addi-
tion, frequent up-regulation of Wnt-2 has been reported in
colorectal cancer, gastric cancer and malignant pleural me-
sothelioma [13–15]. Furthermore, it has also been reported
that blocking of Wnt-2 signaling, by anti-Wnt-2 antibody,
induces downregulation of cytosolic β-catenin as well as
apoptosis and suppression of tumor growth in a xenograft
model [16]. All of these findings suggest that activation of
the Wnt pathway, by upregulation of Wnt-2, may play an im-
portant role in the development of colorectal cancers.

Here, in order to investigate whether altered expression of
Wnt-2 is associated with the development or progression of
colorectal cancer, we evaluated the expression of Wnt-2 in
a series of 120 colorectal cancers using immunohistochemis-
try.

Materials and methods

Tissue samples. One hundred and twenty sporadic
colorectal cancers were obtained from the College of Medi-
cine, The Catholic University of Korea. The tumors were
staged according to Dukes’ criteria [17]. There were 12, 45,
55, and 8 cases with stage A, B, C, and D, disease respec-
tively. Two pathologists screened the histological sections and
selected areas representative in the density of tumor cells.
Tissue cores from each cancer sample (0.6 mm in diameter)
were taken and placed in a new recipient paraffin block using
a commercially available microarray instrument (Beecher
Instruments, Micro-Array Technologies, Silver Spring, MD,
USA), according to established methods [18]. One cylinder
of normal colon mucosa, adjacent to each tumor, was also
transferred to the recipient block.

Immunohistochemistry for Wnt-2. To detect the subcellu-
lar location of Wnt-2, proteins from two colon cancer cell
lines were extracted using the nuclear and cytoplasmic ex-
traction reagents (NE-PER; Pierce, Rockford, IL, USA) or

membrane protein extraction kit (Mem-PER; Pierce) accord-
ing to manufacturer’s instruction, and 20 μg of each lysate
was seperated by SDS-PAGE and transferred to nitrocellu-
lose membranes. The proteins were detected with anti-Wnt-2
monoclonal antibodies (R&D Systems, Minneapolis, MN,
USA).

For the immunohistochemical analysis, 4 μm sections were
cut the day before use and stained according to standard pro-
tocols. To maximize the signal on immunohistochemistry, two
strategies were used in the present study, i.e. antigen retrieval
in citrate buffer and signal amplification with biotinylated
tyramide. For the former, heat-induced epitope retrieval was
conducted by immersing the slides in Coplin jars filled with
10 mmol/L citrate buffer (pH 6.0) and boiling the buffer for
30 min in a pressure cooker (Nordic Ware, Minneapolis, MN,
USA) inside of a microwave oven at 700 W; the jars were
then cooled for 20 min. For the latter, the Renaissance TSA
indirect kit (NEN Life Science, Boston, MA, USA), which
included streptavidin-peroxidase and biotinylated tyramide,
was used. After rinsing with PBS, the slides were treated with
1% H2O2 in PBS for 15 min at room temperature to remove
endogenous peroxidase activity. After washing with TNT
buffer (0.1 mol/L Tris-HCl, pH 7.4, 0.15 mol/L NaCl and
0.05% Tween 20) for 20 min, the slides were treated with
TNB buffer (0.1 mol/L Tris-HCl, pH 7.4, 0.15 mol/L NaCl
and 0.5% blocking reagent). The sections were incubated
overnight at 4oC with the antibody (1/100 dilution) for Wnt-2
protein (R&D Systems, Minneapolis, MN, USA). Detection
was carried out using biotinylated goat anti-mouse antibod-
ies (Sigma, St. Louis, MO, USA), followed by incubation with
peroxidase-linked avidin-biotin complex. Diaminobenzidine
was used as a chromogen and the slides were counterstained
with Mayer’s hematoxylin. For the Wnt-2 protein, the tumors
were interpreted as negative when the immunostaining was
weak, as with the corresponding normal colon mucosa, or
when immunopositive cells were less than 30% of the cancer
cells. The results were reviewed independently by two pa-
thologists. As negative controls, the slides were treated by
replacing the primary antibodies with non-immune serum.

Statistical analysis. The correlation between Wnt-2 expres-
sion and various clinical and pathological parameters was
assessed using the Chi-square and Bartholomew tests. Sur-
vival curves were constructed using the Kaplan–Meier method
and compared using the log rank test. A P value less than
0.05 was considered statistically significant.

Results

Immunohistochemistry for the Wnt-2 Protein. The subcel-
lular localization of Wnt-2 was confirmed in 2 colon cancer
cell lines by Western blot analysis using a monoclonal anti-
Wnt-2 antibody. The Wnt-2 protein was expressed mainly in
the cell membrane and cytoplasm of the cancer cells (Fig. 1).

The immunohistochemistry findings from the membrane
of the glandular epithelial cells of the corresponding normal

Figure 1. Wnt-2 expression in 2 colon cancer cell lines by Western blot.
Wnt-2 protein was expressed mainly in cell membrane and cytoplasm
in two colorectal cancer cell lines. C, cytosol fraction; N, nuclear fraction;
M, membrane fraction.
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colon mucosa demonstrated negative or very weak positive
staining. The expression of Wnt-2 in cancer cells, compared
to the corresponding normal colon mucosa, showed moder-
ate to strong immunopositive staining for the Wnt-2 protein
in the cell membrane and cytoplasm of colorectal cancer cells
(Fig. 2). The tumor tissues even from different portions of the
same tumor showed similar expression levels, indicating no
evidence of intra-tumor heterogeneity. However, the surround-
ing stromal cells, including fibroblasts, were negative for
Wnt-2.

The overexpression of the Wnt-2 protein was detected in
74 (61.7%) of 120 cancers. Based on the differentiation grade
of the cancer cells, Wnt-2 overexpression was detected in
66.7% (4/6), 62.4% (68/109) and 40% (2/5) of well, moder-
ately and poorly differentiated colorectal cancers. This
classification showed no association between the expression
of the Wnt-2 protein and the differentiation of the tumor cells
(Chi-Square test, P > 0.05). In addition, Wnt-2 overexpression
was noted in 7 (58.3%) of 12 cases corresponding to stage A,

29 (64.4%) of 45 to stage B, 32 (58.2%) of 55 to stage C, and
6 (75.0%) of eight corresponding to stage D, respectively.
Furthermore, Wnt-2 was overexpressed in 34 (58.6%) of 58
cases with lymph node metastases. Statistically, there was no
significant relationship between the Wnt-2 protein expression
and the clinical and pathological parameters studied, includ-
ing clinical stage (Bartholomew test, P > 0.05), tumor location,
tumor size, and lymph node metastases (Chi-Square test, P >
0.05) (Table 1). The 5-years survival rate of patients with Wnt-
2 positive tumors was 77.6%, while that of patients with Wnt-2
negative tumors was 82.3% (Fig. 3). Statistically, there was
no significant association between the Wnt-2 overexpression
and the 5-year survival (P = 0.6377).

Discussion

Wnt signaling is involved in various cellular processes,
including embryonic development and homeostatic self-re-

Figure 2. Expression of Wnt-2 in colonic mucosa and cancer by immunohistochemistry. A, colonic mucosa, the positive reaction was weakly seen
in lymphocytes of lamina propria and glandular epithelial cells. B & C, Tubular adenocarcinoma showed moderate to strong immunopositivity
predominantly in the cytoplasm of tumor cells. D, Negative staining of Wnt-2 in cancer cells. (Original magnifications: A, B, C and D, X 200).
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newal. Altered expression or mutational activation of the Wnt
signaling pathway related genes has been linked to various
human cancers, such as gastric, lung and colorectal cancers
[11, 14, 19]. Despite the widespread activation of the Wnt

pathway in colon cancer, only a small fraction (<5%) of spo-
radic cancers exhibit activating mutations of the APC or
β-catenin genes during tumorigenesis. This suggests that other
molecular mechanisms play a role in the activation of this
pathway [20]. Epigenetic changes in Wnt pathway compo-
nents, including APC, DICKKOPF-1 (DKK-1) and secreted
frizzled-related proteins (SFRPs), have also been found [21–
23]. Recently, it has been reported that K-ras mutations can
induce activation of Wnt signaling in vitro by increasing β-
catenin stability, perhaps through inhibition of the kinase
activity of GSK-3β [24].

Recently, aberrant expression of upstream components
of the Wnt signaling pathway has also been found in
colorectal cancers [11, 13]. Inhibition of Wnt-2 in colorectal
cancer cell lines has been shown to destabilize β-catenin
and induce apoptosis, suggesting that an upstream Wnt sig-
nal, at the ligand level, may regulate Wnt signaling even in
the presence of downstream mutations [25]. In addition,
stable overexpression of Wnt-2 has been associated with an
invasive phenotype, through a noncanonical Wnt pathway
coupled to GSK-3β and c-Jun/AP-1 signaling [26]. All of
these findings suggest that up-regulation of Wnt-2, in
colorectal cancer, may induce cell proliferation and that Wnt-
2 may be a candidate oncogene.

To investigate the relationship between Wnt-2 expression
and the clinical and pathological parameters of colorectal
cancers, we examined the Wnt-2 expression in 120 colorectal
cancer tissues. First of all, we analyzed the subcellular lo-
calization of Wnt-2 in 2 colon cancer cell lines by Western
blot analysis and found that the Wnt-2 protein was expressed
mainly in the cell membrane and cytoplasm of the cancer
cells (Fig. 1). For colorectal cancer, overexpression of the
Wnt-2 protein was detected in 74 (61.7%) of 120 colorectal
cancers. Statistically, the Wnt-2 expression in the colorectal
cancers was not associated with the clinical and pathologi-
cal parameters studied, including lymph node metastases and
clinical stage (Table 1). In addition, there was no significant
correlation between the Wnt-2 overexpression and the 5-
year survival (Fig. 3). According to a report by Cheng et al
[19], Wnt-2 expression was correlated with β-catenin nuclear
translocation and tumor dissemination. However, it has been
reported that constitutive activation of the Wnt signaling
pathway is an early event in the progression of tumorigen-
esis in more than 90% of colorectal cancers [27].
Furthermore, Wnt-2 upregulation in the transition from nor-
mal to malignant mucosa, in colon cancer, indicates that
Wnt-2 is important in the progression from normal colon
mucosa into the malignant phenotype [14]. Therefore, our
findings strongly suggest that overexpression of Wnt-2 might
play a role in the development of colorectal cancers, as an
early event.

The authors wish to acknowledge the financial support of the
Catholic Medical Center Research Foundation made in the program
year of 2007.

Table 1. Wnt-2 immunoreactivity in the colorectal cancers

Parameters                                                 Wnt-2 expression
+ -

Differentiation†

Well 4 2
Moderately 68 41
Poorly 2 3

L/N metastasis†

+ 34 24
- 40 22

Stage≠

A 7 5
B 29 16
C 32 23
D 6 2

Side†

Right 13 10
Left 61 36

Size†

< 5 cm 37 20
> 5 cm                         37 26

Total 74 46

†, Chi-Square test, P > 0.05
≠, Bartholomew test, P > 0.05

Figure 3. Kaplan-Meier analysis of survival of colorectal cancer patients.
Comparative survival analysis of immunohistochemically classified
tumors demonstrating (-) negative and (…) positive staining for Wnt-2
protein showed no significant correlation between Wnt-2 overexpression
and 5 year survival (P = 0.6377).
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