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Osteopontin is overexpressed in colorectal carcinoma
and is correlated with P53 by immunohistochemistry
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Abstract. Osteopontin (OPN), a secreted phosphorylated
glycoprotein, has been found to be involved in carcinogen-
esis, progression and metastasis of several types of cancers.
The aim of the present study was to investigate the immu-
nohistochemical expression of OPN in colorectal carcinoma
(CRC) and its relationship with clinicopathological param-
eters and P53. Expression of OPN, Ki-67 and TP53 was
detected in 77 cases of CRC by immunohistochemistry and
the correlation of the expression of OPN with clinicopatho-
logical features, Ki-67 and P53 staining was investigated.
Thirty-eight cases (49.4%) of CRC demonstrated OPN
overexpression. Overexpression of OPN was associated
with lymph node metastasis (P=0.025) and Dukes' stages
(P=0.031), but not with gender, histological differentia-
tion, depth of tumor invasion, TNM stages or Ki-67 index.
The correlation between expression of OPN and TP53 was
statistically significant (P=0.030). In conclusion, OPN is
overexpressed in CRC, and plays a role in tumor progression
and metastasis, which is possibly regulated by P53.

Introduction

Colorectal cancer (CRC) is one of the most common malignant
neoplasms worldwide. Despite surgical treatment and chemo-
therapy, the prognosis of CRC remains poor, particularly for
patients with metastasis. Although it is believed that alterations
of oncogene K-ras, and tumor-suppressor genes, such as P53,
APC and DCC, are involved in the pathogenesis, progression
and metastasis of CRC, the molecular mechanisms remain
unknown.

Osteopontin (OPN) is a secreted phosphorylated glyco-
protein which is constitutively expressed in osteoblasts,
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osteoclasts, smooth muscle cells, epithelia of the kidney, lung,
stomach and breast, and plays a key role in calcium salt deposit
(1,2). It is also involved in inflammation and the immunoreac-
tion process for expression in activated T lymphocytes and
macrophages (3). Recently, cumulative evidence suggests that
OPN is overexpressed in several types of carcinomas, such
as breast, stomach, lung and liver, and thus is associated with
tumor invasion, progression and metastasis (4-8). The mecha-
nisms involved in the up-regulation of OPN in cancers remain
unclear, and it is presumed that activation of OPN is controlled
by complex regulation pathways due to diverse regulatory
sequences in the promoter regions.

As far as CRC is concerned, OPN was identified as a
leading marker among the screening of 12,000 genes, and has
been correlated with tumorigenesis, invasion and metastasis
(8-11). However, to our knowledge immunohistochemistry
has only been performed in a few studies, and whether or not
OPN plays a role in increasing tumor proliferation has not yet
been determined. Furthermore, the tumor-suppressor gene
P53, which was suggested to play a role in OPN activation by
molecular studies, has not been validated in clinical tissues
to date. Thus, in the present study, we examined the expres-
sion of OPN protein by immunohistochemistry in CRC and
determined its correlation with the proliferation index, clini-
copathological characteristics and P53.

Materials and methods

Tissue specimens. Tissue samples were obtained by surgical
resection from 77 patients (36 males and 41 females; age
27-87 years, mean 60) with CRC in our department between
2006 and 2009; none of whom had received irradiation or
chemotherapy prior to surgery. The study was approved by
the local ethics committees. The cases were histologically
confirmed by two experienced pathologists, respectively.
Normal colorectal tissues for each case were obtained
~5 cm away from the tumors, which were also confirmed by
histology.

Antibodies. Rabbit polyclonal antibody against human OPN
and mouse monoclonal antibodies against Ki-67 and P53
(clone nos. MIB-1 and DO-7, respectively) were purchased
from Maxin-Bio Corp. (Fuzhou, China).
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Figure 1. (A) OPN was weakly expressed in the cytoplasm of a small number of normal gland epithelial cells. (B) OPN was intensely expressed in the cytoplasm
of the carcinoma cells in CRC. Surrounding macrophages exhibited strong positivity. OPN and P53 were positive in the same field of the carcinoma cells in
CRC in (C) and (D). (C) Intense staining of OPN. (D) Diffuse staining of P53. Magnification, x200.

Immunohistochemistry. Immunohistochemistry was
performed on formalin-fixed, paraffin-embedded tissue
sections using the Envision peroxidase detection method.
Sections (4-um) were deparaffinized in xylene, dehydrated
through graded ethanols and subsequently treated with 0.3%
hydrogen peroxide in methanol for 30 min at room tempera-
ture to eliminate the endogenous peroxidase activity. For
antigen retrieval, the sections were microwaved in 10 mM
citrate buffer (pH 6.0) for 10 min. The primary antibodies
were incubated overnight at 4°C after blocking non-specific
binding with 10% normal goat serum in PBS for 30 min. For
negative controls, PBS was used as substitutes for the primary
antibodies. Sections were incubated with Envision peroxi-
dase complex for 20 min. Sections were counterstained
with Mayer's hematoxylin after immunostaining prior to
mounting.

Evaluation of OPN, Ki-67 and P53 immunostaining. All
sections were evaluated without knowledge of the clinical and
pathological background of the patients. Unambiguous yellow
staining of the cytoplasm was regarded as OPN-positive, and
nuclear staining as Ki-67- and P53-positive. The expression
of OPN and P53 was determined in each case when posi-
tive cells were >10%, since the positive pattern was often
diffuse and similar in staining intensity. For Ki-67, the index
was classified into three groups according to the positive
cell ratio; the low index group was indicated when positive
cells were <50%, high index when positive cells were >75%

and intermediate index was indicated between the high and
low range.

Statistical analysis. Statistical analysis was performed using
SPSS software with the * test. All statistical significance tests
were two-tailed and significance was established at P<0.05.

Results

In either normal or carcinoma tissue, OPN was expressed
in smooth muscle cells and macrophages, which were thus
used as the inner positive control. In normal colorectal gland
epithelia, OPN only displayed weak staining in a few cells
and the ratios were much <10%, therefore all the cases were
determined as negative (Fig. 1A).

Thirty-eight cases (49.4%) of CRC demonstrated OPN
overexpression (Fig. 1B), and compared to the normal tissues,
the difference was significant (%*=50.448, P=0.000). The
staining pattern of OPN was quite diffuse and homogeneous;
the intensity of the positive carcinoma cells was almost iden-
tical wherever the cells were located. In detail, the cells on the
centers or borders of the carcinoma nests, even in the invading
fronts, displayed no difference from the other cells.

Overexpression of OPN was not significantly correlated
with gender, histological differentiation, invasion depth and
TNM stages. However, it was associated with lymph node
metastasis (¢*=7.355, P=0.025), which indicated that OPN
expression was higher in carcinomas with metastases. It was
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Table I. Immunohistochemical expression of OPN and its rela-
tionship with clinicopathological parameters of the CRC patients.

OPN expression, n (%) P-value
Positive ~ Negative

Gender 0.573
Male 19 (24.7) 17 (22.1)

Female 19 (24.7)  22(28.5)

Degree of differentiation 0.982
Well 9 (11.7) 11 (14.3)
Moderate 15(19.5) 22 (28.6)

Poor 14 (18.2) 6 (7.7)

Depth of invasion 0.854
Tl 1 (1.3) 2 (2.5)

T2 9 (11.7) 9 (11.7)
T3 28 (36.4) 28(36.4)

Metastasis 0.025
NO 16 (20.8) 28 (36.4)

N1 15 (19.5) 6 (7.8)
N2 7 (9.1) 5 (64)

TNM stage 0.111
I 6 (7.8) 9(11.7)
1T 10 (13.0) 19 (24.7)
1A 2 (2.6) 1 (1.3)
1B 13 (16.9) 5 (6.5)

Imc 7 (9.1 5 (6.5)

Dukes' stage 0.031
A 6 (7.8) 9 (11.7)

B 10 (13.0) 19 (24.7)
C 22 (28.6) 11 (14.2)

Ki-67 index 0.770
Low 4 (52 6 (7.8)
Moderate 15 (19.5) 16 (20.7)

High 19 (24.7) 17 (22.1)

Table II. Correlation between OPN and P53 immunostaining.

OPN expression P53

Positive Negative
Positive 31 23
Negative 7 16

also correlated with Dukes' stages, thus OPN expression
increased with advanced clinical stage (x*=7.789, P=0.031).
As far as the proliferation or MIB-1 index of the carcinomas
was concerned, expression of OPN remained unchanged. The
relationship between the expression of OPN and clinicopatho-
logical parameters is summarized in Table I.

The expression of P53 was noted in 54 cases (70.1%), and a
statistical correlation between the expression of OPN and P53
was found (x*=4.695, P=0.030; Fig. 1C and D; Table II).
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Discussion

OPN was initially proven to play a key role in calcium salt
deposit, inflammation and immunoreaction process, yet further
evidence suggests that OPN contributes to the tumorigenesis,
progression and metastasis of many types of malignant
neoplasms, such as breast, stomach, lung, prostate and liver
carcinoma.

Numerous studies have investigated the association
between OPN and CRC. Most strikingly, the screening of
pooled sample expression profiles among 12,000 human genes
identified OPN as a leading marker of colon cancer progres-
sion (9). In subsequent studies, overexpression of OPN was
confirmed in CRC by northern blotting, PCR or immunohis-
tochemistry. To date, an association between the up-regulation
of OPN and tumor progression has been demonstrated, and
it was determined as an independent prognostic factor in
multivariate regression analysis. Notably, the role of OPN in
metastasis has been intensively researched since its expression
was not only reserved, but was also increased in metastases
(9,12,13).

In the present study, we further confirmed that OPN is
overexpressed in CRC and is associated with tumor stage and
lymph node metastasis by immunostaining, thereby relating it
to tumor progression and metastasis. The expression of OPN
was associated with Dukes' stages, but not with TNM stages
in our results. The small number of samples in some stages,
such as I and Illa, was rebuked resulting in some degree of
statistical bias.

In previous studies, OPN was verified to be involved in
tumorigenesis, thus it seemed rational that OPN may promote
tumor proliferation. Ki-67 (MIB-1) recognizes all cells
throughout the cell cycle, except for G, stage, and well reflects
cell proliferation. Ki-67 has been widely used in neoplasms to
estimate malignancy and prognosis. However, in our study the
possibility that OPN regulates CRC cell proliferation was not
confirmed. Therefore, it is speculated that other mechanisms
exist to explain the involvement of OPN in tumorigenesis,
such as facilitation of cell transformation or prevention of
apoptosis.

It is believed that the involvement of OPN in malignancy
is due to its biological functions and several activating down-
stream signal pathways. OPN mainly functions on cell-matrix
interactions through binding and activating relevant ligands
with certain surface structure domains. It has been widely
accepted that overexpressed OPN in tumors ligates with
and activates a,f integrins or CD44 (14-17). Data already
indicate that o,f integrins and CD44 may contribute to carci-
nogenesis, progression or metastasis through promoting cell
transformation, migration, adhesion to extracellular matrix,
neovascularization and immune suppression. Thus, OPN func-
tions between tumor cells and mesenchyme mainly through
such exterior molecules. On the other hand, binding of OPN
may also activate several inner downstream signaling path-
ways, such as phosphatidylinositol 3-kinase/protein kinase
B, nuclear factor-xB and urokinase plasminogen, which were
also proven to be involved in tumors (18-20).

Although the mechanisms regulating the expression of
OPN remain unknown, a variety of cisacting elements in
the promoter region, including TATA-box and CCAAT-box,
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suggests, that it is controlled by complex regulatory pathways
(21). The Wnt pathway is proven to be activated in CRC, and
immunostaining analysis also indicates that increased OPN
expression is significantly correlated with elevated nuclear and
cytoplasmic [3-catenin staining, which is a central component
of the Wnt signaling pathway. It has been concluded that over-
expression of OPN is regulated by the Wnt pathway, at least in
part. However, OPN was found to be expressed more frequently
than B-catenin in CRC, so it was presumed that other pathways
are involved in the regulation of OPN (10). Tumor-suppressor
gene P53, which plays a critical role in cell-cycle regulation,
apoptosis and immunosurveillance, has a role in many types of
tumors, including CRC. Morimoto et al (22) found that induc-
tion of OPN expression by P53 is conserved across multiple
species, and the endogenous OPN gene was induced in mouse
and rat embryo fibroblasts in a P53-dependent manner. OPN
was also induced in the A172 human glioblastoma cell line
in P53-associated activities. In addition, a potential P53
responsive element, ctGCT TGCTT AGGCgAGCTC, located
approximately 1 kb upstream of the first exon sequence, which
contains only three-mismatch nucleotides in the non-critical
position compared to the consensus P53-binding sequence, was
found in the OPN gene promoter and confirmed by chromatin
immunoprecipitation assay in the HCT116 human CRC cell
line (21). These results suggest that the OPN gene is a direct
target of transcription activation by P53. In our immunohisto-
chemical study, we demonstrated that expression of P53 was
significantly correlated with OPN, which is an indirect proof
of P53-regulated OPN expression.

Recent studies suggest that OPN and related molecules
are a potential target for anticancer therapy. In addition, the
plasma concentration of OPN in patients with tumor metas-
tasis is significantly increased in comparison to normal sera,
thus its prospects as a marker for evaluating tumor genesis and
metastasis are expected (22-24). Accordingly, further research
on OPN is warranted.

In summary, the present study provides immunohisto-
chemical evidence that OPN is overexpressed in CRC and
is related to tumor progression and lymph node metastasis
supposedly regulated by P53.
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