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Abstract
Background: Tumor budding (TB) is an important prognostic factor in colorectal carcinoma (CRC).
Osteopontin (OPN) functions in various processes such as immune response, migration and invasion,
angiogenesis, epithelial–mesenchymal transition (EMT) and metastasis. However, the involvement of
OPN and CD44v6, which is a receptor for OPN, in TB has not been clari�ed. Therefore, we examined the
relationship of OPN with TB in CRC and compared the clinicopathological features.

Methods: We investigated the expression of OPN and CD44v6 in 83 cases of CRC by immunostaining
and analyzed the clinicopathological features.

Results: OPN expression was observed only in the cytoplasm of stromal cells such as macrophages and
�broblasts, and not cancer cells. There was a signi�cant correlation between OPN positivity and the
degree of differentiation at the invasive front and TB grade. CD44v6 was positive in cancer cells in 72
cases (86.7%) and negative in 11 cases (13.3%). A statistically signi�cant effect on overall survival (OS)
was identi�ed between the OPN-positive group [median OS: 1586 (range, 30–2749) days] and the OPN-
negative group [median OS: 1901 (range, 8–2665) days] (log-rank test, p=0.011).

Conclusions: OPN analysis may reveal factors that in�uence prognosis.

Background
Colorectal adenocarcinoma (CRC) is one of the most common carcinomas worldwide [1] and is graded as
well, moderately, and poorly differentiated (solid type and non-solid type) according to the gland
structure. Notably, the poorly differentiated type has a poor prognosis, and the non-solid type has a worse
prognosis compared with the solid type[2]. Histopathological factors for the prognostication of patients
with CRC include disease stage, lymphovascular invasion, lymph node metastasis, and tumor budding
(TB) [3, 4]. TB is de�ned as an individual tumor cell or a cluster of four tumor cells or fewer at the invasive
front[3, 5], and is an independent poor prognostic factor in CRC [3, 6–10]. Although TB was considered to
be a morphological characteristic mirroring EMT, most evidence in recent years has suggested that it
consists of partial EMT cancer cells showing a hybrid epithelial/mesenchymal (E/M) phenotype that
does not exhibit a complete mesenchymal phenotype[11–13].

In cancer tissues, not only cancer cells but also the surrounding stromal cells are components of the
tumor microenvironment. The tumor microenvironment, which is composed of a wide variety of cells, is
deeply involved in the proliferation, invasion, and metastasis of cancer cells through the interactions
between cells via cytokines and growth factors. Among them, tumor-associated macrophages (TAMs)
promote tumor growth, invasion, metastasis, and angiogenesis by producing VEGF, PDGF, TGF-β, and
matrix metalloproteinase (MMP)[14].

Osteopontin (OPN) was identi�ed as a secretory glycosylated phosphoprotein secreted from bone, and
was subsequently reported to be secreted from various cells such as macrophages[15–17],
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�broblasts[18], and cancer cells [19]. OPN in the tumor microenvironment functions in various processes
such as the immune response, migration and invasion, angiogenesis, EMT, and metastasis[20, 21]. OPN
has an arginine–glycine–aspartic acid (RGD) motif and interacts with integrin and CD44 as major
receptors. CD44 produces a polymorphic group of proteins (85–250 kDa in size) by alternative splicing
via epithelial splicing regulatory proteins (ESRPs)[22]. The standard CD44 isoform is composed of only
constitutive exons, and the variant CD44v isoform contains one or more variable exons. Among them,
CD44v6 and CD44v7 are important structures for cancer invasion and metastasis promoted by OPN[23].

There are few reports on the relationship between OPN and TB. Therefore, we performed a
clinicopathological analysis of OPN expression and TB.

Methods

Surgical specimens
In this retrospective clinicopathological analysis, we reviewed 83 cases of CRC TNM stage II–IV that
underwent resection at Shinshu University Hospital, Matsumoto, Japan, between 2012 and 2015. We
selected the block with deepest depth of tumor invasion in each case. This study was approved by the
Committee for Medical Ethics of Shinshu University School of Medicine (no. 4088).

Evaluation of tumor budding
For each analysis, Hematoxylin and Eosin (H&E) staining slides were independently evaluated by two
experienced pathologists (T.U. and M.I.) who were blinded to the clinical data. Tumor budding was
de�ned as the �ndings of individual cells or small clusters (maximum of �ve cells) at the tumor invasion
front. TB was graded as Bd1 (0–4 buds), Bd2 (5–9 buds), and Bd3 (≥10 buds), as described in a
previous report [8]. Furthermore, TB was graded as low (Bd1) or high (Bd2 and Bd3). 

Immunohistochemistry
Specimens obtained by surgery were �xed in 20% neutral buffered formalin. After �xing, they were then
dehydrated in alcohols, and embedded in para�n. Serial sections of 3 μm-thickness were cut for
immunohistochemical staining, in addition to H&E staining. The stained sections were depara�nized and
soaked 0.3% H2O2 diluted with methanol for 30 min at room temperature with gentle agitation to block
endogenous peroxidase. Antigen retrieval was performed as follows: for OPN (22952-1-AP , 1:200;
Proteintech, Chicago, IL, USA) and cytokeratin AE1/AE3 (AE1/AE3 1:100; Leica Biosystems, Newcastle,
UK) sections were boiled in 0.45% Tris-5mM EDTA solution using a microwave at 600W for 25 min; for
CD44v6 (ab78960, 1:500; Abcam, Cambridge, UK), sections were boiled in Histo�ne antigen retrieval
solution (pH 9.0; Nichirei Biosciences, Tokyo, Japan) using a Pascal pressurized heating chamber (Dako,
Carpinteria, CA, USA) at 115°C for 10 min. Sections were incubated with each OPN (1:200), cytokeratin
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AE1/AE3 (1:100), and CD44v6 (1:500) antibody for 1 h at room temperature. Immunohistochemistry was
performed using the EnVision method and visualized using diaminobenzidine. All stained sections were
counterstained with hematoxylin.

OPN positivity was measured at the three sites that showed the strongest immunoreactivity in each case,
and the average value was calculated.

Statistical analysis
Pearson’s chi-squared test, log-rank test, and Cox proportional hazard regression analysis were performed
using JMP Statistics software version 13 (JMP, Tokyo, Japan). A p-value of less than 0.05 was
considered signi�cant.

Results
In areas of normal colonic mucosa, OPN immunoreactivity was almost non-existent in epithelial, stromal,
and in�ammatory cells. In cancer tissue, OPN immunoreactivity was observed only in the cytoplasm of
stromal cells such as macrophages and �broblasts, but not cancer cells (Fig. 1). OPN-positive cells were
also found in cancer stroma, but were mostly localized at the invasive front. OPN positivity in the stromal
cells of the invasive front was measured at the three sites that showed the strongest immunoreactivity in
each case, and OPN positivity was measured as 0–86.8% (median, 14.7%). All cases used in the analysis
were evaluated for TB; the results are shown in Table 1. The evaluation of other clinicopathological
factors is also shown in Table 1. There was a signi�cant correlation between OPN positivity in stromal
cells at the invasive front and the degree of differentiation at the invasive front and TB grade. Because
secreted OPN binds to CD44, especially CD44v6[23], we performed immunohistochemical staining of
CD44v6 (Fig. 2). CD44v6 (Fig. 2) was positive in 72 cases (86.7%) and negative in 11 cases (13.3%). 
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Table 1
Correlation between clinicopathological factors and OPN expression

    OPN  

  n Low High p-value

Sex        

Male 48 24 24 0.898

Female 35 18 17  

Age, years        

< 69 43 24 19 0.328

≥ 69 40 18 22  

Depth of tumor invasion        

SM, MP 14 8 6 0.594

SS 69 34 35  

Lymphovascular invasion        

Absent 7 4 3 0.719

Present 76 38 38  

Lymph node metastasis        

Absent 42 21 21 0.912

Present 41 21 20  

Pathological stage        

II 35 18 17 0.898

III, IV 48 24 24  

Degree of differentiation at the invasive front  

tub1, tub2, por1 49 34 15 < 0.001*

por2 34 8 26  

Tumor budding        

Grade 1 50 35 15 < 0.001*

Grade 2, 3 33 7 26  
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    OPN  

*Statistically signi�cant

SM: submucosa; MP: muscularis propria; SS: subserosa; tub1: well-differentiated tubular
adenocarcinoma; tub2: moderately differentiated tubular adenocarcinoma; por1: solid type poorly
differentiated adenocarcinoma; por2: non-solid type poorly differentiated adenocarcinoma

The prognostic value of the OPN-positive and OPN-negative groups was assessed by Kaplan–Meier
analysis and the log-rank test. A statistically signi�cant effect was found in OS between the OPN-positive
group [median OS: 1586 (range, 30–2749) days] and the OPN-negative group [median OS: 1901 (range,
8–2665) days] (log-rank test, p = 0.011) (Fig. 3).

Discussion
The �ndings of our study indicated that the relationship between OPN expression and TB in invasive-front
stromal cells may be related to the EMT-promoting effect of OPN. In TB, the cell–cell adhesion of cancer
cells is attenuated, and cancer cell motility and invasiveness are enhanced[24]. Binding of OPN to cancer
cells expressing CD44v6 promotes EMT[25]. Our study demonstrated CD44v6 expression in 86.7% of
cases, suggesting that OPN produced by stromal cells may promote the acquisition of EMT via CD44v6.
In many sporadic colorectal cancers, APC inactivation occurs during the carcinogenesis process and β-
catenin translocation into the nucleus is increased[26]. β-catenin associates with transcription factors
and induces the transcription of target genes. The upregulation of CD44v6 in CRC is due to the fact that
CD44 belongs to the target gene group of the Wnt/β-catenin signaling pathway[27]. CD44 has a standard
type (CD44s) and a variant type (CD44v) derived from alternative splicing. Among them, the C-terminal
fragment of OPN strongly binds to CD44v6[28, 29]. It has been reported that the binding of CD44 and
OPN induces the expression of Twist, which promotes the transcription of EMT-related genes by
activating the PI3K/AKT signaling pathway[30, 31]. EMT reduces the binding between adjacent cells
because of strong epithelial binding, and enhances motility, invasion, and metastasis by acquiring
mesenchymal cell-like characteristics[32]. Observation of OPN expression in the TB region may be an
important factor for prognosis in CRC.

It has also been reported that the binding of OPN to CD44 promotes the production of MMP-2 and MMP-
9. MMP-2 is involved in cancer cell invasion by degrading the extracellular matrix, and MMP-9 activates
TGF-β[33]. Binding of TGF-β to the TGF-β receptor induces phosphorylation of SMAD2/3 and promotes
transcription of EMT-related genes by SMAD4[33]. Recent studies have revealed that partial EMT, called
the hybrid E/M phenotype, has been observed in cancer cells at the invasive front and plays an important
role in the invasion of cancer cells[34–36]. OPN expression in stromal cells of the invasive front, as
observed in this study, may contribute to the acquisition of the hybrid E/M phenotype by CD44-mediated
interactions. It contributes to OPN-mediated interactions between stromal cells and cancer cells and
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induces the production of EMT-promoting proteins and the degradation of the extracellular matrix,
resulting in decreased cell–cell adhesion of cancer cells and enhanced motility and invasion. These
mechanisms may have led to the poorly differentiated histology and high-grade TB in this study.

OPN not only promotes migration and invasion in TB, but also has cancer stem cell properties[37]. We
have not been able to demonstrate TB and stem cell features in previous studies[38], but there are reports
suggesting some associations[37, 39]. In addition, cancer stem cells in CRC expressing CD44v6 promote
metastasis[25]. Suppression of OPN may lead to the downregulation of cancer stem cells themselves and
as well as in�ltration and metastasis.

Our study has some limitations. Our analysis was performed in a limited number of cases. It is also
necessary to investigate the possibility that suppression of OPN expression causes TB in cultured cells.

Conclusions
In conclusion, OPN analysis may reveal factors that in�uence prognosis.

Abbreviations
TB, tumor budding; CRC, colorectal carcinoma; EMT, epithelial–mesenchymal transition; OPN,
osteopontin; TAM, tumor-associated macrophage; MMP, matrix metalloproteinase.
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Figure 1



Page 12/13

Representative images of OPN.

Representative features of low OPN expression (a and c) and high OPN expression (d and f).
Immunohistochemistry of cytokeratin AE1/AE3 in OPN-low (b) and OPN-high (e) tissue. (a and d, HE; b
and e, cytokeratin AE1/AE3 immunostaining; c and f, OPN immunostaining.)

Figure 2

Representative images of CD44v6.

Representative features of negative expression of CD44v6 (a and b) and positive expression of CD44v6 (c
and d). (a and c, HE; b and d, CD44v6 immunostaining.)
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Figure 3

Kaplan–Meier survival curves of patients classi�ed according to OPN expression.

A statistically signi�cant effect was found in overall survival (OS) between the OPN-positive group
[median OS: 1586 (range, 30–2749) days] and the OPN-negative group [median OS: 1901 (range, 8–
2665) days] (log-rank test, p=0.011)


