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Abstract: Previous studies on the prognostic value of osteopontin (OPN) and B-catenin in colorectal carcinoma (CRC)
revealed conflicting results. To date, only two immunohistochemical studies investigated their association in CRC
with discrepant results. Moreover, the relevance of their co-expression to clinicopathological parameters was not
previously reported. This study was designed to investigate the relationship between these markers and prognostic
parameters in CRC and study further the relationship between them. Immunohistochemical expression of OPN and
B-catenin was evaluated in 72 CRCs. Cytoplasmic OPN was detected in 45.83% of CRCs while normal mucosa was
immunonegative. Strong continuous membranous B-catenin was present in normal mucosa. However, abnormal
membranous, nuclear and cytoplasmic expressions were observed in 36.11%, 31.94% and 52.78% of CRCs, re-
spectively. A highly significant relationship was detected between each of OPN and nuclear B-catenin expression and
lymph node metastasis (P = 0.0001 and 0.004 respectively), depth of invasion (P = 0.001 and 0.004 respectively),
TNM stages (P = 0.0001 and 0.001 respectively) and Dukes’ stages (P = 0.0001 and 0.004 respectively). A signifi-
cant association was found between OPN and distant metastases. A strong agreement was observed between OPN
and nuclear B-catenin (kappa = 0.656). A highly significant relationship was found between their co-expression and
poor prognostic parameters. OPN overexpression and nuclear B-catenin expression appeared to be associated with
unfavorable prognostic factors in CRC. A direct relationship was observed between them. Further understanding
their role in colorectal carcinogenesis as well as targeting the interaction between them might be effective in the
future development of therapeutic agents for CRC patients.
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Introduction

Colorectal cancer (CRC) is the third most com-
mon human malignancy and the second high-
est cause of cancer-related death worldwide
[1]. Despite the tremendous progress in treat-
ment, the overall mortality of CRC is still approx-
imately 40% [2]. The prognosis of CRC remains
poor, particularly for patients with metastasis
[3]. Unfortunately, the molecular mechanisms
underlying CRC metastasis are not completely
understood [4].

Osteopontin (OPN) is a matrix glycoprotein
secreted by a variety of cell types including
osteoclasts, endothelial cells, epithelial cells,
and activated immune cells such as macro-
phages and T cells [5]. It is also known as bone
sialoprotein |, early T lymphocyte activation 1

and secreted phosphoprotein 1 [6]. Human
OPN gene is located on chromosome 4q21-g25
and consists of seven exons encoding the OPN
protein with 314 amino acid residues [7]. OPN
has a role in cell adhesion, chemotaxis, preven-
tion of apoptosis, invasion, migration and
anchorage-independent growth of tumor cells.
Extensive research has demonstrated the piv-
otal participation of OPN in the regulation of cell
signaling which controls neoplastic and malig-
nant transformation [8]. OPN is a new marker
for colorectal tumorigenesis [9]; however, its
association with prognostic parameters in CRC
revealed conflicting results [3, 9, 10].

The molecular mechanisms that regulate the
expression of OPN are incompletely under-
stood. Previous studies indicated that up-regu-
lation of OPN is dependent on aberrant activa-
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tion of the Wnt pathway by mutation of the
adenomatous polyposis coli (APC) tumor sup-
pressor gene [9]. B-catenin is a central compo-
nent of the Wnt signal pathway [11].

B-catenin is a 92-kDa multifunctional protein
that, in its membrane location, links the intra-
cellular part of the E-cadherin complex to actin
cytoskeleton, which is a critical step in morpho-
genesis and maintenance of tissue integrity
[12]. Alternatively, through Wnt signaling medi-
ated stabilization, B-catenin may act as a down-
stream transcriptional trans-activator of sever-
al target genes [13]. Alterations in [-catenin
protein expression levels have been shown to
contribute to the malignant character of vari-
ous carcinomas and are likely to affect both
intercellular adhesion and signal transduction,
which are believed to be two independent func-
tions of 3-catenin protein [14].

Despite its crucial role in colorectal carcinogen-
esis, previous studies on altered B-catenin
expression as a prognostic marker in CRC have
been conflicting, with some studies reporting a
favorable or no prognostic value while others
reporting an association with poor clinical out-
come [15-19].

To the best of our knowledge, only two immuno-
histochemical studies investigated the associa-
tion between OPN and B-catenin in CRC with
discrepant results [9, 22]. Moreover, the rele-
vance of their co-expression to clinicopatho-
logical parameters was not previously reported.
This study was designed to evaluate osteopon-
tin and B-catenin immunohistochemical expres-
sion in CRC relating the results with clinicopath-
ological prognostic parameters and to study
further the relationship between these two
proteins.

Material and methods
Tissue and patient data

The current study was conducted on 72 cases
of primary colorectal carcinoma (CRC). Cases
were obtained from the Archives of the Pa-
thology Lab. of Ain-Shams University Specialized
Hospital. Such cases were diagnosed during
the period from January 2010 to January 2012.
All patients underwent radical resection of
colorectal cancer with adequate surgical resec-
tion margins (~5 cm or more away from the
tumors). In addition, normal colorectal tissues
for each case were obtained from the surgical
resection margins as control group.
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The surgical and histopathology reports were
reviewed to determine age and sex of patients,
tumor size (greatest dimension), and site of
colonic primary tumor as well as the presence
of distant metastases. Hematoxylin and Eosin
stained slides were examined to re-evaluate
and verify the histopathologic diagnosis, histo-
logic grade according to World Health Or-
ganization tumor differentiation [20] and lymph
node metastasis. TNM staging according to the
American Joint Committee on Cancer (AJCC)
[21] and Dukes’ stage were performed. Normal
colorectal tissues were also confirmed by
histology.

Patients who had received chemotherapy and/
or radiotherapy prior to surgery were excluded
from the study as they could lead to an incor-
rect evaluation since these treatments could
influence the interpretation of immunohisto-
chemistry.

Ethics statement

All patients who participated in this study
signed a written, informed consent before sur-
gery. The study was approved by the Research
Ethics Committee at Ain Shams Medical Uni-
versity.

Immunohistochemical staining

Four micrometer sections of formalin-fixed and
paraffin-embedded samples of all CRC cases in
addition to the normal colonic tissues were pre-
pared. Immunohistochemical staining was per-
formed using primary antibodies; Rabbit poly-
clonal antibody against human OPN (ready to
use, clone: E247; Thermo Fisher Scientific Inc.,
Fremont, CA) and mouse monoclonal antibody
against B-catenin (dilution 1:100, clone B-Ca-
tenin-1, DAKO). Avidin-Biotin immunoperoxida-
se complex technique was used according to
Hsu et al. [23] by applying the super sensitive
detection kit (Biogenex, CA, USA). The prepared
tissue sections were fixed on poly-L- lysine coat-
ed slides overnight at 37°C. They were deparaf-
finized and rehydrated through graded alcohol
series. Then the sections were heated in a
microwave oven in 10 mM citrate buffer (pH
6.0) for 10 min. After the blocking of endoge-
nous peroxidase and incubation in Protein
Block Serum-Free Solution (Dako Cytomation)
for 20 min, the sections were incubated over-
night at 4°C with OPN antibody and 30 min at
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Table 1. Relationship between osteopontin expression and clinico-
pathological parameters of the studied CRC cases (n = 72)

Osteopontin expression

Interpretation of immuno-
histochemical staining

Immunohistochemical an-

Variable n (%) Positive Negative alysis of osteopontin and
n (%) n (%) P-value B-catenin was blindly per-
33(45.83) 39 (54.17) formed by two indepen-
Gender dent pathologists (the au-
Male 35(48.6) 16 (45.71) 19 (54.29) 0.984 thors) without any prior
Female 37 (51.4) 17 (45.95) 20(54.05) NS knowledge of the clinico-
Site pathological data. Analysis
Right & transverse colon 50 (69.44) 22 (44.00) 28 (56.00) 0.638 was performed using com-
Left colon & rectum 22(30.56) 11(50.00) 11(50.00) NS puterized Image Analyzing
. L Software (Special SIS st-
Degree of differentiation .
arter. version 3.2, Olym-
Well 10 (13.89) 5 (50.00) 5 (50.00) 0.798 pus, Germany) connected
Moderate 38(52.78) 16(4211) 22(57.89) NS to an Olympus microscope
Poor 24 (33.33) 12(50.00) 12(50.00) (model BX51, Olympus Ja-
Lymph nodal status pan).
Positive 40 (55.56) 31(77.50) 9(22.50) 0.0001
Negative 32(44.44) 2(6.25) 30(93.75)  HS The cytoplasmic expres-
Distant metastases sion of.OPN was evaluated
Present 14 (19.44) 11(78.57) 3(21.43) 0.006 according to the percent
age of positive cells in 10
Absent 58 (80.56) 22 (37.93) 36 (62.07) HS randomly selected areas
Depth of invasion at a magnification of 400
T2 15(20.83) 2(13.33) 13 (86.67) 0.001 x. No staining or staining
T3 45(62.50) 21(46.67) 24(53.33) HS in fewer than 10% of cells
T4 12 (16.67) 10 (83.33) 2 (16.67) was considered negative,
TNM Stage and staining of 10% or
| 13(18.06) 0(0.00)  13(100.00) 0.0001  More of cells was consid-
I 19 (26.39) 2(10.53) 17 (89.47)  HS ered positive [24].
[ 26 (36.11) 20(76.92) 6 (23.08) Concerning B-catenin ex-
IV 14 (19.44) 11(7857)  3(21.43) pression, all membranous,
Dukes’ stage cytoplasmic and nuclear
A 13 (18.06) 0 (0.00) 13 (100.00) 0.0001 staining were evaluated
B 19 (26.39) 2(10.53) 17 (89.47) HS independently. No mem-
c 40 (55.55) 31(77.50) 9 (22.50) branous staining or posi-

Chi square test.

tive membranous staining
in less than 10% of cells
was considered abnormal

room temperature with B-catenin. Biotinylated
antimouse immunoglobulin and streptavidin
conjugated to horseradish peroxidase were
then added. Finally, 3,3-diaminobenzidine as
the substrate or chromogen was used to form
an insoluble brown product. Finally, the sec-
tions were counterstained with hematoxylin
and mounted. Sections of gastric carcinoma
and breast carcinoma were used as positive
control for OPN and [B-catenin respectively.
Negative control sections were incubated with
normal mouse or rabbit serum instead of the
primary antibody.
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membranous expression. Strong nuclear stain-
ing of more than 10% of cells was considered
positive/abnormal nuclear expression. Cyto-
plasmic staining of more than 10% of cells was
considered positive/abnormal  cytoplasmic
expression [25]. The percentage of positively
stained cells was estimated in 10 randomly
selected areas at a maghnification of 400 x.

Statistical analysis

Continuous variables are expressed as mean
and Standard Deviation. Categorical variables
are expressed as frequencies and percents.

Int J Clin Exp Pathol 2015;8(2):1503-1514
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Figure 1. OPN expression in normal colonic epithelium and colorectal carcinoma: (A) Weak cytoplasmic expression
in a small number of normal gland epithelial cells (negative expression). (B) Well differentiated adenocarcinoma
showing weak cytoplasmic OPN expression. Surrounding macrophages exhibited strong positivity. (C) Moderately
differentiated adenocarcinoma showing intense cytoplasmic OPN expression. (D) Poorly differentiated adenocarci-
noma showing moderate cytoplasmic OPN expression [Immunohistochemistry, original magnification, (A-D) x 400].

Student t test was used to assess the statisti-
cal significance of the difference between two
study group mean. Chi square and Fisher’s
exact test was used to examine the relationship
between categorical variables. Kappa statistics
was used to compute the measure of agree-
ment between two investigational methods
Kappa's value < 0.20 was defined as poor
agreement; 0.21 to 0.40, fair; 0.41 to 0.60,
moderate; 0.61 to 0.80, large; and 0.81 to
1.00, very good or almost perfect. A signifi-
cance level of P < 0.05 was used in all tests.
Differences were considered highly significant
when P < 0.01. All statistical procedures were
carried out using SPSS version 15 for Windows
(SPSS Inc, Chicago, IL, USA).

Results

Clinical and pathological data for the studied
colorectal carcinoma cases are represented in
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Table 1. The mean age of the patients was 61.7
years (Standard deviation, 14.4; range, 25-80
years). The mean size of the tumor was 6.2 cm
(Standard deviation, 2.5; range, 3-13 cm).

Expression of OPN and its relationship with
clinicopathological parameters

In normal colorectal gland epithelia, OPN only
displayed weak staining in < 10% of the cells,
therefore all the cases were determined as neg-
ative (Figure 1A). However, 33 (45.83%) out of
72 CRC cases revealed positive cytoplasmic
OPN expression (Figure 1B-D). OPN was ex-
pressed in macrophages, in normal and carci-
noma tissue, which were thus used as inner
positive control.

A highly significant relationship was detected
between OPN expression and the presence of
lymph node metastasis (P = 0.0001), presence
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Figure 2. Different staining patterns for B-catenin in normal colonic epithelium and colorectal carcinoma: (A) Nor-
mal colonic epithelium showing strong continuous membranous B-catenin expression. (B) Well differentiated ad-
enocarcinoma showing strong nuclear and cytoplasmic B-catenin expression. (C) Moderately differentiated adeno-
carcinoma showing strong nuclear and moderate cytoplasmic and membranous B-catenin expression. (D) Poorly
differentiated adenocarcinoma showing strong membranous and moderate cytoplasmic B-catenin expression [Im-
munohistochemistry, original magnification, (A) x 200; (B-D) x 400].

of distant metastases (P = 0.006), increased
depth of invasion (P = 0.001), advanced TNM
stages (P =0.0001) and advanced Dukes’ stag-
es (P =0.0001). However, OPN expression was
not significantly associated with gender (P =
0.984), age (P = 0.940; student t test), tumor
size (P = 0.401; student t test) and site (P
0.638), and histological differentiation (P
0.798). The relationship between OPN expres-
sion and clinicopathological parameters is
summarized in Table 1.

Expression of B-catenin and its relationship
with clinicopathological parameters

In normal colonic epithelium, strong continuous
B-catenin expression was present in the cell
membrane with no cytoplasmic or nuclear st-
aining (Figure 2A). In colorectal carcinoma,
decreased expression and changes of localiza-
tion of B-catenin were observed. Abnormal
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membranous expression was observed in
36.11% (26/72) of patients. In comparison to
the normal epithelium, aberrant expression of
nuclear and cytoplasmic -catenin was detect-
ed in 31.94% (23/72) and 52.78% (38/72) of
patients, respectively (Figure 2B-D). Combined
cytoplasmic and nuclear B-catenin expression
was observed in 16 out of 72 CRCs (22.22%).

There was a highly significant association
between increased nuclear B-catenin expres-
sion and presence of lymph node metastases
(P = 0.004), increased depth of invasion (P =
0.004), advanced stage according to TNM clas-
sification (P = 0.001), and advanced Dukes’
stage (P = 0.004). However, no significant rela-
tionship was detected between nuclear -
catenin expression and gender (P = 0.927), age
(P = 0.386; student t test), tumor size (P =
0.386; student t test), and site (P = 0.988),

Int J Clin Exp Pathol 2015;8(2):1503-1514
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Table 2. Relationship between patterns of B-catenin expression and clinicopathological parameters of
the studied CRC cases (n = 72)

B-catenin expression

Nuclear Cytoplasmic
Variable n Positive Negative Positive Negative
n (%) n (%) P-value n (%) n (%) P-value
23 (31.94) 49 (68.06) 38 (52.78) 34 (47.22)
Gender
Male 35 11(31.43) 24 (68.57) 0.927* 20 (57.14) 15 (42.86) 0.471*
Female 37 12(32.43) 25 (67.57) NS 18 (48.65) 19 (51.35) NS
Site
Right & transverse colon 50 16 (32.00) 34 (68.00) 0.988* 28 (56.00) 22 (44.00) 0.409*
Left colon & rectum 22 7(31.82) 15 (68.18) NS 10 (45.45) 12 (54. 55) NS
Degree of differentiation
Well 10 5(50.00) 5 (50.00) 0.362* 5 (50.00) 5 (50.00) 0.975*
Moderate 38 12(31.58) 26 (68.42) NS 20 (52.63) 18 (47.37) NS
Poor 24 6 (25.00) 18 (75.00) 13 (54.17) 11 (45.83)
Lymph nodal status
Positive 40 20 (50.00) 20 (50.00) 0.004* 25 (62.50) 15 (37.50) 0.065*
Negative 32 3(9.37) 29 (90.63) HS 13 (40.63) 19 (59.37) NS
Distant metastases
Present 14 4 (28.57) 10 (71.43) 1.00** 8 (57.14) 6 (42.86) 0.715*
Absent 58 19(32.76) 39 (67.24) NS 30 (51.72) 28 (48.28) NS
Depth of invasion
T2 15 0 (0.00) 15 (100.00) 0.004**  8(53.33) 7 (46.67) 0.548*
T3 45 19 (42.22) 26 (57.78) HS 22 (48.89) 23(51.11) NS
T4 12 4(33.33) 8 (66.67) 8 (66.67) 4 (33.33)
TNM Stage
| 13 0 (0.00) 13(100.00) 0.001** 7 (53.85) 6 (46.15) 0.158*
Il 19 3(15.79) 16 (84.21) HS 6 (31.58) 13 (68.42) NS
1] 26 16 10 17 (65.38) 9 (34.62)
I\ 14 4 (28.57) 10 (71.43) 8 (57.14) 6 (42.806)
Dukes’ stage
A 13 0 (0.00) 13 (100.00) 0.004* 7 (53.85) 6 (46.15) 0.084*
B 19 3(15.79) 16 (84.21) HS 6 (31.58) 13 (68.42) NS
C 40 20 (50.00) 20 (50.00) 25 (62.50) 15 (37.50)

*Chi square test; **Fisher exact test.

degree of tumour differentiation (P = 0.362)
and distant metastases (P =1.000) (Table 2).

No significant relationship was observed be-
tween cytoplasmic B-catenin expression and
different clinicopathological parameters (Table
2).

Agreement between OPN and B-catenin immu-
nostaining in colorectal carcinoma

Positive OPN expression was detected in
69.53% of the positive cytoplasmic B-catenin
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cases while in only 29.41% of the negative
cases. Moreover, positive OPN expression was
observed in 95.65% of the positive nuclear
B-catenin cases while in only 22.45% of the
negative cases. All the cases that showed com-
bined cytoplasmic and nuclear B-catenin (16
cases) were positive for OPN expression. There
was a fair agreement between OPN and cyto-
plasmic B-catenin (kappa = 0.309), a strong
agreement between OPN and nuclear 3-catenin
(kappa = 0.656), and a moderate agreement
(kappa = 0.505) between OPN and combined

Int J Clin Exp Pathol 2015;8(2):1503-1514
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Figure 3. Agreement between OPN expression and each of cytoplasmic -catenin, nuclear B-catenin and combined

cytoplasmic and nuclear B-catenin expression in CRC cases.

Table 3. Agreement between OPN expression and each of cytoplas-
mic B-catenin, nuclear B-catenin and combined cytoplasmic and
nuclear B-catenin expression in CRC cases (n = 72)

0.0001) and Dukes’ stage
(P = 0.0001) (data are not
tabulated) (Figure 4).

Discussion

Colorectal cancer is one of
the most frequent malignan-

OPN Kappa P Sig
Positive Negative
n (%) n (%)
33 (45.83) 39 (54.17)
Cytoplasmic B-catenin
Positive (n = 38) 23 (60.53) 15 (39.47) 0.309 0.01 HS
Negative (n =34) 10 (29.41) 24 (70.59)
Nuclear B-catenin
Positive (n = 23) 22 (95.65) 1(4.35) 0.656 0.0001 HS
Negative (n =49) 11 (22.45) 38 (77.55)

Combined cytoplasmic and nuclear B-catenin
Present (n =16) 16 (100.00) 0 (0.00)
Absent (n = 56) 17 (30.36) 39 (69.64)

0.505 0.0001 HS

cies in developed countries,
and one of the leading
causes of worldwide cancer-
related morbidity and mor-
tality [26]. Approximately
50% of CRC patients have
metastases in the liver, but
only 10%-20% of these pa-
tients can undergo surgical
resection. The 5-year sur-

cytoplasmic and nuclear B-catenin (Figure 3;
Table 3).

Co-expression of OPN and nuclear (B-catenin
and its relationship with clinicopathological
parameters

Co-expression of OPN and nuclear B-catenin
was detected in 22 of the 72 CRCs (30.56%). A
highly significant relationship was observed
between co-expression of OPN and nuclear
B-catenin and presence of lymph node metas-
tases (P = 0.0001), increased depth of tumor
invasion (P = 0.005), advanced TNM stage (P =
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vival rate following surgical
resection of metastatic
tumor is only 30%-40% [27, 28]. The molecular
mechanisms underlying CRC metastasis are
not completely understood [4].

OPN is a secretory calcium-binding phosphory-
lated glycoprotein that plays an important role
in bone metabolism. At the molecular level,
OPN plays important roles in cellular adhesion
and migration, tissue repair, and signal trans-
duction as well as in the invasion and metasta-
sis of several cancers [29]. OPN is significantly
associated with survival rate in several cancers
and has value as a marker of clinical tumor pro-
gression [30]. As far as CRC is concerned, OPN

Int J Clin Exp Pathol 2015;8(2):1503-1514
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Figure 4. Relationship between OPN & nuclear B-catenin co-expression and prognostic parameters.

was identified as a leading marker among the
screening of 12,000 genes, and has been cor-
related with tumorigenesis, invasion and
metastasis [9, 30].

In the present study, OPN expression was
detected in 45.83% of the studied CRC cases,
while normal colonic epithelium was immuno-
negative. These results are consistent with pre-
vious studies showing up-regulation of OPN in
certain neoplastic epithelia [31, 32], while nor-
mal epithelia exhibited low levels or even nega-
tive expression. Previously, OPN expression
was observed in 49.4% of CRC cases while nor-
mal colorectal gland epithelia revealed nega-
tive expression [3]. Moreover, Rhode et al. [9]
found slightly higher rates of OPN expression
(56%) in CRC cases. Consequently, these find-
ings support previous studies implicating OPN
in malignant transformation of colonic epith-
elium.

Previous studies on the prognostic value of
OPN in CRC revealed conflicting results. Bou-
djadi et al. [10] did not find any correlation
between OPN immunostaining index and clini-
copathological parameters. However, in agree-
ment with Li et al. [3], our study revealed a
highly significant relationship between OPN
expression and poor prognostic parameters as
lymph node metastases and advanced Dukes’
stage that relates OPN to tumor progression
and metastasis. Moreover, a significant associ-
ation between OPN expression and depth of
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tumor invasion as well as advanced TNM stag-
es was observed in the current work. However,
Li et al. [3] didn’t find any relationship between
them.

Concomitant with a previous study [9], our
research indicated a positive relationship be-
tween OPN expression in CRC cases and dis-
tant metastasis. Rhode et al. [9] additionally
reported that OPN expression was maintained
in their studied liver metastasis that showed
even higher expression than the primary colon-
ic tumors. Invasion and metastasis are impor-
tant characteristics of malignant tumors. The
whole process of metastasis includes angio-
genesis, adhesion, degradation, movement,
and reattachment [33]. Adhesion factors are
essentially involved in the process. OPN is
probably one of numerous metastasis- related
prognostic factors of CRC. It decreases the
homotypic adhesion among CRC cells and en-
hances the heterotypic adhesion ability be-
tween CRC cells and endothelium cells [34].

Parallel to Li et al. [3], the present study re-
vealed no significant association between OPN
expression and gender or histological diffe-
rentiation.

The mechanisms involved in the up-regulation
of OPN in cancers remain unclear, and it is pre-
sumed that activation of OPN is controlled by
complex regulation pathways due to diverse
regulatory sequences in the promoter regions

Int J Clin Exp Pathol 2015;8(2):1503-1514
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[3]. Previous studies indicated that up-regula-
tion of OPN is dependent on aberrant activation
of the Wnt pathway by mutation of the APC
tumor suppressor gene. The main tumor sup-
pressing function of APC resides in its capacity
to regulate B-catenin, a central component of
the Wnt signal pathway [11]. As a consequence
of tumorigenic mutations in APC, B-catenin
becomes stabilized and shuttles into the nucle-
us, where it binds to proteins of the T-cell factor
family and serves as an essential co-activator
of transcription contributing to tumor progres-
sion [35]. The level of B-catenin in the nucleus
is an indicator of an active Wnt signaling path-
way [36]. The most strongly up-regulated pre-
sumed Wnt-targets was OPN gene (16-fold up-
regulated) [9].

To the best of our knowledge, there are limited
data in the literature [9, 22] concerning the
relationship between OPN and [-catenin in
CRC. In agreement with Rhode et al. [9], the
present study indicated that increased OPN
expression was significantly associated with
elevated nuclear and cytoplasmic [-catenin
staining. In contrast, Mole et al. [22] reported
no correlation between these two proteins. In
the current research, 30% of positive OPN
cases revealed negative cytoplasmic -catenin
expression and 33% showed negative nuclear
B-catenin expression. This could be due to
additional genetic defects not related to the
Wnt/B-catenin pathway.

-catenin was originally identified as a mem-
brane component of the cadherin-mediated
cell-cell adhesion system and it is now widely
recognized as a critical element of the Wnt sig-
nal pathway [37]. In the absence of Wnt ligands,
B-catenin is located at the plasma membrane
in adherent complexes, while its level in the
cytoplasm is very low. Free cytosolic B-catenin
is phosphorylated in a complex formed by APC,
Axin, glycogen synthase kinase 3 (GSK3p) and
casein kinase | (CKI). Phosphorylated B-catenin
is ubiquitinated by ubiquitin ligase protein
(BTrCP) and then degraded in the proteasome.
Binding one of the Wnt ligands to the receptors
FzD/LRP5/6 triggers signal inactivating the
destruction complex [38]. Consequently, B-
catenin accumulates in the cell and undergoes
translocation to the nucleus where it activates
specific Wnt target genes in conjunction with
the T-cell factor/lymphoid enhancer factor
(TCF/LEF) family of transcription factors [39].
Nuclear B-catenin is significantly associated
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with the invasion and metastasis of human
cancers, such as carcinomas of esophagus,
stomach, colon and melanomas [40, 41].

In the current research, as compared with the
sub-cellular distribution of B-catenin in normal
colonic mucosa, neoplastic cells demonstrated
a distinct shift from a membranous localization
to a more widespread distribution (membra-
nous, cytoplasmic, and nuclear) in cancer
lesions. This is in line with previous reports
describing B-catenin expression in cancer cells
with this type of altered pattern [42, 43]. In
agreement with Stanczak et al. [38], our study
revealed abnormal membranous f-catenin
expression in 36.11% of CRCs, aberrant nucle-
ar expression in 31.94% and aberrant cytoplas-
mic expression in 52.78% of cases. Dilek et al.
[44] detected lower levels of nuclear B-catenin
expression; 26% of rectosigmoid cancer cases.
However, Maruyama et al. [45] demonstrated
higher levels of expression; 66% nuclear and
68% cytoplasmic accumulation in CRCs. A pre-
vious tissue microarray-based study has shown
in a large series of CRC that the majority of can-
cers retained some degree of -catenin mem-
branous staining, whereas nuclear or cytoplas-
mic expression was seen in 50.15% and
81.53% of specimens, respectively [19].

There are multiple explanations for these differ-
ent results. Such potential confounding factors
might include type of antibody, site of tumor,
differences in antigen retrieval and immunohis-
tochemical staining procedures as well as lack
of standardization in the evaluation of positive
and negative results.

Previous studies demonstrated that nuclear
B-catenin expression in CRC was related to
poor prognosis [19, 46], no effect [43] or even
favorable prognosis [15]. In the current re-
search, a statistical significant association was
found between nuclear B-catenin expression
and poor prognostic parameters as lymph node
metastases, depth of tumour invasion, adv-
anced stage according to TNM classification as
well as advanced Dukes’ stage.

In line with the present series, previous studies
found a significant relationship between nucle-
ar B-catenin expression and advanced tumor
stage [39, 47, 48]. Moreover, Peker et al. [47]
and Wong et al. [49] revealed significant asso-
ciation between nuclear B-catenin expression
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and lymph node metastasis. Thus, [B-catenin
nuclear translocation can potentially be a valu-
able tool for the prognosis of colorectal cancer.
Our data were supported by a previous study
that showed a significant relationship between
nuclear B-catenin and higher mortality rates in
CRC patients [18]. In contrast, Chen et al. [39]
observed no significant correlation between
nuclear B-catenin expression and lymph node
status or depth of tumor invasion.

In the current research, no significant relation-
ship was revealed between nuclear B-catenin
expression and tumor size and site, degree of
tumor differentiation or distant metastases.
Concomitant with our results, previous studies
found no significant association between nu-
clear B-catenin expression and tumor size [38],
tumor localization and grade [39] or distant
metastases [50]. In contrast, Peker et al. [47]
revealed a significant relationship between nu-
clear B-catenin expression and tumor size and
high histologic grade. Moreover, Stanczak et al.
[38] found that cancer localized in rectum dis-
played greater nuclear localization of B-catenin
than tumors localized in sigmoid and colon.
Whereas, Lee et al. [51] stated that nuclear
B-catenin expression was higher in left CRCs
than right CRCs.

Many factors could explain the discrepancies
regarding the prognostic value of nuclear -
catenin expression, for example: sample size,
patient population, stage of disease, site of
tumor, different CRC subtypes and the exis-
tence of more than one type of CRC in a study.

There were contradictory results concerning
the prognostic value of cytoplasmic B-catenin
in CRC. Some researchers suggest that the
accumulation of cytoplasmic B-catenin serves
as a predictor of metastasis [45]. In contrast,
Chen et al. [39] found no significant association
between cytoplasmic B-catenin expression and
adverse prognostic parameters as advanced
Dukes’ stages and lymph node metastases. On
the other hand, Lugli et al. [19] detected a sig-
nificant relationship between increased cyto-
plasmic B-catenin expression and lower tumor
grade. Our study revealed no significant asso-
ciation between cytoplasmic B-catenin and va-
rious prognostic parameters in CRC.

Up to our knowledge, this is the first study that
reports a highly significant relationship between
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OPN and nuclear B-catenin co-expression and
poor prognostic parameters.

In conclusion, OPN overexpression is strongly
related to more aggressive behavior of CRC. It
may be useful for predicting the risk of hema-
togenous metastasis in CRC patients. A direct
relationship was observed between OPN and
B-catenin expression supporting previous stud-
ies that reported possible regulation of OPN by
aberrant activation of the Wnt pathway. Our
study demonstrated disturbances in expres-
sion and localization of B-catenin in CRC. B-
catenin expression in the nucleus, rather than
in the cytoplasm, appeared to be associated
with unfavorable prognostic factors. These
findings support the hypothesis that Wnt/j-
catenin pathway plays an important role in
advanced colorectal carcinoma. OPN and
B-catenin, when considered together, may be a
novel prognostic indicator of CRC. Further
understanding of the implications and roles of
OPN and B-catenin in colorectal carcinogenesis
as well as targeting the interaction between
them might be effective in the future develop-
ment of therapeutic agents for CRC patients. A
limitation of our study is that patients were
enrolled retrospectively. Large, well-designed
prospective studies are required to investigate
the precise prognostic significance of OPN and
B-catenin in CRC.
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