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Abstract

Colorectal cancer (CRC) is one of the most malignant tumors in both sexes among
all types of tumors worldwide. Up to now, no precise biomarker has been capable of
accurately predicting the prognosis for patients with CRC. Therefore, it is essential
for us to find a new biomarker to predict the prognosis, overall survival, and dis-
ease-free survival of patients with CRC, especially for those patients who have a dis-
tant metastasis. There is a growing concern over the issues that osteopontin (OPN), a
multifunction phosphorylated protein, has been identified in recent years among
multiple tumors types, including CRC. There is increasing evidence showing that
high expression of OPN is related to the proliferation, invasion and metastasis of
CRC. OPN could support malignant formation by inducing tumor angiogenesis; ag-
gravating the degradation of extracellular matrix; promoting chemo taxis, adhesion,
and metastasis of tumors and affecting tumor immunity and apoptosis based on var-
ious complex mechanisms. More intensive studies are required in the future to clari-
fy the roles of OPN and its related genes, relevant receptors, protein structure, bio-
logical features, and complex molecular mechanisms in colorectal carcinogenesis, as
well as to develop beneficial agents for the clinical treatment of CRC to improve pa-
tient prognosis.
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1. Introduction

Colorectal cancer, one of the most common gastrointestinal neoplasms, remains a
leading cause of mortality among all types of tumors according to data from the analy-

sis of patients with CRC in America from 2008 to 2015 despite recent progress in diag-
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nosis and treatment [1]. The survival rate of patients with CRC remains poor as a result
of distant metastasis in most cases. Obtaining an early diagnosis and engaging in active
clinical treatment measures during the early stages on the basis of tumor staging from
the Union for International Cancer Control (UICC) will definitely improve the prog-
nosis, overall survival, and disease-free survival of patients with CRC [2]. The most
common histological subtype accounting for approximately 90% to 95% of CRCs is
adenocarcinoma, including papillary adenocarcinoma, tubular adenocarcinoma, mu-
cinous adenocarcinoma, and signet-ring cell carcinoma. Some common symptoms
such as hematochezia, and abdominal discomfort and tests such as digital rectal ex-
amination, and abdominal palpation will help to diagnose patients with CRC in the
early stage. The exact etiology contributing to CRC is still unclear due to various com-
plex and multi-step mechanisms of CRC development. It is known that many genes in-
cluding APC, DCC, p53, Ras, and nm23, microstructures and the microenvironment
are involved in tumor formation, proliferation, invasion and metastasis [3]-[8], with
other factors, such as sex, age, environment, also exerting an influence. The possible
treatment options can be used for CRC which are surgical procedures in combination
with multi-agent chemotherapeutic medications such as fluorouracil, oxaliplatin, irino-
tecan, and cetuximab. These medications can be used to either shrink the tumor di-
ameter pre-operation or serve as a post-surgical adjuvant for the treatment of patients
with CRC. Colorectal cancer, one of several aggressive tumor types has the propensity
to metastasize to the liver, bone, lung, and brain. It appears that local relapse and dis-
tant metastasis are intractable problems for treating CRC despite the availability of
many new chemotherapeutic medications. Although many parameters such as CEA,
CA199, and CA125 are widely used in clinical practice for detection of CRC and patient
follow-up, the precise effect and exact clinical value of these parameters are deliberate
[9]. Regarding the implementation of an effective treatment in patients with CRC, it is
important to elucidate the complex regulatory mechanisms and to identify a novel
bio-marker target that can be detected in tumor tissues to locate early tumor cells. Fur-
thermore, finding new markers to predict the prognosis for patients with CRC is also of
great importance.

OPN, a phosphorylated protein with multiple functions, has been widely investigated
in recent years. It was Sanger who discovered and isolated OPN through the malignant
transformation of an epithelial cell line in 1979 [10]. OPN is a member of the small in-
tegrin-binding ligand N-liked glycoprotein (SIBLING) family, and is encoded by the
OPN gene (sppl) which is mapped to the q arm of the chromosome 4 and contains
seven exons and six introns in the human ortholog. OPN can bind to two receptor fam-
ilies: integrin receptors and CD44 receptors. Integrin receptors comprise an a-subunit
and S-subunit, which can give rise tonumerous subtypes (e.g., avfl, avf3, avps, avfo,
a8pl, and a5p1) that bind with RGD (Arginine-Glycine-Aspartate) sequences in on
proteins. In addition, there are other integrin subtypes (e.g., a41, a9p1, and a4/57) that
can bind to the SVVYGL (Serine-Valine-Valine-Tyrosine-Glutamic-Leucine-Arginine)

sequences on OPN [11]. It is known that OPN contains bioactive regions on its surface
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along with its RGD sequences that can exert multiple biological functions such as acti-
vation regulatory and structural proteins upon binding with its target receptors, in-
cluding 41, a9p1, avpl, avP3, avfs, av6, a8pl, a5p1, and CD44. These integrin re-
ceptors can also in turn active multiple signaling pathways [12] [13]. The N-terminal
domain, C-terminal domain and 50 amino acid coding region within the RGD se-
quences of OPN are highly conserved. The RS locus of the RGD can be disintegrated by
thrombin and subsequently form two different sequences, including an N-terminal
domain that can bind with RGD sequences, and a C-terminal domain fragment without
RGD. OPN, when bound with its specific receptors on cell surface can cause a series of
changes such as triggering multiple signal transduction pathways, gene expression and
modifications, thus changing the activity of tumor cells [14] [15]. Previous research has
shown that OPN can suppress C/EBPs signaling pathways to regulate the multidirec-
tional differentiation capacity of mesenchymal stem cells by binding to integrin avpl
[16]. It is known that av/33 is a vital receptor that can promote tumor metastasis. Stu-
dies focused on tumors such as hepatocellular carcinoma demonstrated that the levels
of OPN and av/33 can predict the severity as well as prognosis of patients with hepato-
cellular carcinoma [17]. Mittlebronn M [18] found that av3 and av/55 are expressed in
vessels in primary and secondary neoplasms, but the expression of av/33 was more fre-
quent and more pronounced than av/s if tumor cells metastasized to central nervous
system (CNS). In addition, some other integrin receptors including avf6, a8f1 and
a5p1 can also exert corresponding effects when bound to OPN. Recent studies show
that the SVVYGL sequences of OPN may induce angiogenesis and expression of
smooth muscle actin (SMA) by bridging the signaling of appropriate receptors, which
may provide new insights for the treatment of dilated cardiomyopathy (DCM) disease
[19]. CD44 receptors are sulfated adhesion glycoproteins that can participate in the in-
teractions, adhesion and migration of cells. CD44 receptors can regulate intercellular
adhesion and signal transduction by activating phosphoinositide 3-kinase/protein ki-
nase B (PI3K/PKB) pathways when bound to OPN. Previous studies indicated that
OPN relies on CD44 receptors to active mammalian fibroblasts cell [20]. CD44 recep-
tors are also expressed in acinic cell adenocarcinoma of salivary gland origin and mu-
coepidermoid carcinoma, as reported in the literature [21]. OPN, a matrix protein with
complex structures and strong secretory functions, is expressed in many tissues includ-
ing mineral compound tissues, epithelial cells, metabolic tissues like intestine, and mul-
tiple malignant tumors [22]. OPN is also expressed in macrophages, smooth muscle
cells (SMC), T cells and fibroblasts, but the expression levels of OPN is comparatively
week under normal circumstances. However, OPN is over expressed under the follow-
ing conditions: high blood pressure, high blood glucose, oxygen deprivation and in the
presence of other microenviroment molecules such as IFN-j, FGF-1, ET-1, IGF [23]
[24].

Previous studies have demonstrated that OPN is correlated with the formation, pro-
liferation, and invasion of multiple malignant neoplasms such as lung cancer, hepatic

carcinoma, gastric cancer, and colorectal cancer, which could represent as an active
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marker for the outcomes of cancer patients [25] [26]. OPN is also related to the tumor
stage, tumor grade, lymphatic metastasis and distant metastasis [27]. Therefore, in this
view, we mainly discuss the association of OPN with colorectal cancer and the prognos-

tic value, clinical therapeutic function for patients with CRC.

2. OPN and Carcinogenesis

Previous studies indicated that the levels of fundamental gene and subsequent protein
expression of OPN in tumors and adjacent tissues are relatively higher than in normal
tissues. This was observed in lung cancer, gastrointestinal cancer, hepatic cancer, breast
cancer, and ovarian cancer [28]-[31]. The formation and progression of tumors require
multiple factors and mechanisms, in which OPN can exactly participate in entire
process of the pathological mechanisms of tumorigenesis, while yielding complex regu-
latory effects. OPN is a tumor-related protein that plays a significant role in the adhe-
sion and metastasis of multiple tumors, by regulating tumor adhesion and migration
and stimulating tumor angiogenesis.

Tumor angiogenesis is the process in which tumor cells induce the growth of micro-
vessels and to establish localized blood circulation. Nutrition is needed to promote the
proliferation, invasion and metastasis of tumor cells. It was demonstrated that VEGF
(vascular endothelial growth factor) is a specific HB-EGF (heparin binding epidermal
growth factor) that can induce angiogenesis. In addition, VEGF is also a signaling pro-
tein that may activate phosphatidylinositol 3 kinase/serine threonine kinase (PI3K/
AKT) pathways, which can promote the expression of VEGF and extracellular sig-
nal-regulated kinases (ERK1/2). Previous studies have shown that OPN can stimulate
the expression of VEGF, to accelerate tumor angiogenesis by a series of cascade ampli-
fication signals. In a research study related to breast cancer [32], OPN can trigger cas-
cading amplification signals by activating the breast tumor kinase/nuclear factor in-
ducing kinase/nuclear factor-kappa B/activating transcription factor-4 signal pathways.
OPN plays an important role in the study of articular cartilage, and it was found that
OPN induces VEGF expression in articular cartilage through the PI3K/AKT and
ERK1/2 signaling pathways [33]. The proliferation, invasion and metastasis of tumor
cells are correlated with the process of angiogenesis which is regulated by VEGF. Be-
cause OPN induces the expression of VEGF, OPN may become a target for the treat-
ment of various cancers [34]. The extracellular matrix (ECM) is a macromolecular
composed by fibronectin, collagens and proteoglycans/glycosaminoglycans, which are
synthesized in eukaryotic cells and then secreted to plasma membrane and exposed to
either the extra-cellular or intra-cellular environment. The ECM has multiple physio-
logical and cellular influences on growth, differentiation and migration which are im-
portant for an organism [35]. It has been demonstrated that extracellular matrix de-
gradation plays an important role in tumor morphology, metastasis and invasion [36].
OPN can function as an extracellular matrix molecule involved in multiple processes
such as adhesion and tumor metastasis [37]. Cho A et al [38] demonstrated that the

ECM is an integral component of the tumor environment and is correlated with ova-
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rian cancer progression when it is degraded or eradicated. Cancer requires multiple
factors that are capable of degrading the extracellular matrix, and a recent study proved
that the metastasis of colorectal cancer is connected with the function of proteolytic
enzymes that can degrade the ECM [39]. The chemotaxis, adhesion and metastasis of
tumors due to various elements (including growth factors, the extracellular matrix
structure and chemokine) [40] [41]. OPN can be an important chemotactic cytokine
that is associated with the invasion and metastasis of diverse cancers. Previous studies
showed that OPN can trigger signaling cascades that can regulate the chemotaxis, ad-
hesion and metastasis of tumors when bound to its integrin and CD44 receptors. One
reported in the recent literature, showed that small integrin binding ligand N-linked
glycoproteins (SIBLINGs) which comprise five members (including OPN) are asso-
ciated with the adhesion, and metastasis of pancreatic cancer [42]. It is widely known
that the immune system is a barrier to prevent tumor cell invasion, proliferation and
migration. There are many mechanisms that tumors use to escape from immune sur-
veillance within the organism. Previous studies have proven that OPN can increase ni-
tric oxide levels and accelerate tumor apoptosis by up-regulating the expression of ni-
tric oxide syntheses (NOS) and cytochrome c oxide syntheses. OPN is a multifunctional
molecule that participate in pathological processes, including immunity, and the me-
tastasis of various tumors. Nagoshi S [43] proved that OPN linked with hepatic in-
flammation and fibrosis, which may remind us that OPN is presumed to be a target for
treating hepatic diseases. Apoptosis is an autonomous, programmed, death process that
aids in maintaining homeostasis in an organism. One mechanism by which tumor cells
can proliferate, invade and metastasize the inhibition of apoptosis. It was demonstrated
that OPN may inhibit tumor apoptosis by increasing av/33 integrin-mediated Janus ki-
nase 2 (JAK2) phosphorylation and STAT3 activation, whereas another study also
showed that OPN knockdown can promote apoptosis of breast cancer cells, while sup-

pressing av3 integrin-induced cell invasion and metastasis [11] [44].

3. Expression of OPN in Colorectal Cancer

OPN is a significant factor and an important biomarker that may play a vital role in the
process of colorectal cancer. Summaries of related foreign and domestic studies from
previous years, found that the expression of OPN is upregulated in tumor cells and tis-
sues compared with non-neoplastic tissues.

Likui W et al [45] found that upregulation of osteopontin mRNA with regard to
transcriptional and translation has a significant role in human colorectal cancer, and
the expression of OPN is correlated with lymphatic, venous, and lymph node metasta-
sis. Furthermore, patients with high expression of OPN had shorter overall survival
rates and disease-free rates than those who had lower expression levels of OPN. Marti-
nez C et al [46] found that OPN is over expressed in 59 murine intestinal adenomas
and that knockdown of OPN could inhibit the proliferation of CRC-based CMT93 cells.
Furthermore, OPN may promote the proliferation of murine intestinal tumors via ab-

errant c-myc signaling, which indicates to us that OPN may serves as a therapeutic tar-
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get for patients with CRC. Imano M et al [47] found that the presence of OPN in the
central tumor area may increase the density of the microvasculature based on the anal-
ysis results from 30 CRC patients with liver metastasis and 24 CRC patients without
liver metastasis. Previous studies indicated that decreased levels of OPN by RNAi-tar-
geting are associated with the metastatic process of CRC and can inhibit invasion and
proliferation as well as enhance the radiosensitivity of human CRC cells [46]. Huang J
et al. [48] demonstrated that OPN mRNA and protein were more highly expressed in
patients with CRC compared to non-tumor patients, and OPN’s target receptors, in-
cluding integrins and CD44v6, were also highly expressed in metastatic hepatic lesions
from patients with CRC. Moreover, OPN can enhance the hepatic metastasis of CRC
cells. Fan Y et al [49] reported that the polymorphisms of OPN are associated with the
susceptibility of multiple tumor types, including colorectal cancer, and that the rs9138
and rs1126616 polymorphisms of OPN may enhance the susceptibility and risk of CRC.
Ng L et al [50] found higher post-operative levels of plasma osteopontin (which plays a
significant role of CRC metastasis and development) based on statistical data from 79
CRC patients.

Therefore, the higher levels of OPN expression may be correlated with the progres-
sion, invasion, proliferation and metastasis of CRC, which remind us that OPN can

sever as an important biomarker for the diagnosis and prognosis of patients with CRC.

4. Role of OPN in Colorectal Cancer and Metastasis

It is thought that the levels of OPN expression may be related to the clinical pathogene-
sis and distant metastasis of CRC, but the exact mechanisms still remains controversial.
It has been demonstrated that the stem-like nature of colorectal cancer cells are corre-
lated with tumor metastasis and poor survival rate [51].

The stem-like nature of CRC cells has been suggested to correlate with tumor pro-
gression, metastasis, and poor survival. Recently, OPN was reported to be related to the
stem-like properties in colorectal cancer. The expression of OCT4 and SOX2 were
higher in DLD1-cells stably expressing OPN; moreover, the induction effect of OPN on
SOX2 was higher than on OCT4, which suggested that cells with high expression levels
of OPN possess stem-like properties [51]. During cancer development, cancer stem
cells can drive tumor formation as well as metastasis. OPN, and the cytokines hepato-
cyte growth factor (HGF) and stromal-derived factor 1la (SDF-1), which are secreted
from CRC cells, can increase the level of CD44v6 expression in CRC stem cells by acti-
vating the Wnt/f-catenin pathway, resulting in the metastasis and progression of CRC
[22].

In recent years, the incidence and mortality rates for CRC have increased rapidly in
Asian countries though there has been a decline on the account of early detection and
treatment of CRC [52]. Because the common routes of the metastasis of CRC cells in-
clude lymphatic metastasis, hematogenous metastasis and implantation metastasis, the
migration of CRC is common in the later stage of the disease and is the primary cause

of death in CRC patients. Almost fifty percent of patients had already developed a me-
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tastasis when they were first diagnosed with CRC. Accordingly, patients diagnosed with
CRC with hepatic metastasis are often at relatively late stage and have a poor prognosis.
It is known that CRC has multiple bio-markers such as carcinoembryonic antigen
(CEA) and CA199, which can predict the curative effect as well as the prognosis of pa-
tients with CRC either in the late stages or with distant metastasis. However, in the ear-
ly stages of CRC, these bio-markers can be absent; therefore, it is vital to find a novel
molecular marker that could predict and improve the prognosis of patients with CRC.
Previous meta-analyses indicated that OPN, a multifunctional phosphorylated protein,
could be a new bio-marker to predict the tumor invasion, grade and metastasis as well
as patient survival [53]. It was demonstrated that the expression levels of nuclear
pf-catenin, CD44 and CD133 were correlated with the progress of liver metastasis [54].
A large proportion of lymphatic metastasis from CRC often emerges in the early stage,
which can be one of the most significant prognostic indicators in colorectal cancer [55].
Likui et al [45] discovered that the expression of OPN mRNA was correlated with
lymph node metastasis and that the level of OPN mRNA in patients with CRC was sig-
nificantly higher than those free of disease, which indicated that OPN plays an impor-
tant role in predicting CRC.

5. OPN and Treatment of Colorectal Cancer

Colorectal cancer is one of the most common malignancies of gastrointestinal cancer,
and is a heavy burden to both family and society. Despite the development of modern
medical treatment, the overall survival rate remained low, and the therapeutic effects
were unsatisfactory due to local relapse, local lymphatic metastasis, distant metastasis to
liver, and resistance to chemotherapy and radiotherapy. Detection of the tumor in the
early stages may signal a good prognosis for patients with CRC, but the overall progno-
sis of patients with CRC remains unsatisfactory, the most common treating methods
also belongs to surgery and chemotherapy. The early diagnosis and clinical treatment of
patients with CRC may have a better survival rate. Li kui et a/. indicated that high levels
of OPN mRNA expression correlated with the clinicopathological or prognostic signi-
ficance in patients with CRC [45]. One study found that OPN downregulationOPN by
small interfering RNA (siRNA) can cause various effects on the biological properties of
CRC cells, including suppression cell growth, invasion, adherence and expression of
angiogenic factors [56]. OPN can upregulate the expression of CD44v6 by activating
the Wnt/f-catenin pathway (which accelerates tumor invasion and metastasis) in colo-
rectal cancer stem cells. Ding L et al showed that OPN can suppress the gap junction
intercellular communication pathway to promote metastasis in the SW480 cell lines,
which indicated us that OPN is a potential target for the treatment of patients with
CRC [57]. OPN can activate the phosphatidylinositol 3-kinase (PI3K)/Akt pathway to
inhibit cancer cell programmed death and promote anchorage-independent growth;
evidence shows that inhibition of OPN by siRNA could decrease tumor growth and in-
vasion [58]. A studies of 84 CRC patients showed that OPN was over-expressed in pa-

tients who are resistant to oxaliplatin-related chemotherapy treatment [50]. Fan Y et al
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found that the rs9138 and rs1126616 of OPN were correlated with risk of CRC, and
OPN could be a bio-marker of CRC [49].

6. Conclusions

Colorectal cancer is one of the most common malignant tumors among various tumors.
The incident and mortality of CRC remain high though the development of modern
medical technology. Early diagnosis and treatment are essential, and finding a new
bio-mark like OPN is also significant for treatment of CRC.

Many studies showed that OPN correlated with the proliferation, invasion and me-
tastasis of multiple tumors including CRC, OPN can be worked as a novel bio-marker
in prediction of the prognosis of CRC. CRC patients with lymphatic metastasis have a
higher expression of mRNA of OPN than those tissues without lymphatic metastasis,
which demonstrated that OPN plays a significant role on the early lymphatic metastasis
of CRC. OPN, a multifunction phosphorylated protein, is expected to be a therapy tar-
get for the prognosis and treatment of patients with CRC. More researches need to be
carried out in order to know about the mechanisms between OPN and CRC, which will

bring a better understanding and treatment prospect of CRC.
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