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In normal tissues, stem cells reside in a 
specialized niche that regulates their prop-
erties and fates through cell-to-cell con-
tacts and soluble factors including several 
cytokines. The components of this niche 
thus provide context signals to maintain 
stem cells in an equilibrium between self-
renewal and differentiation. Tumors are 
generally viewed as abnormal tissues, and 
only a small fraction of malignant cells are 
considered as cancer stem cells (CSCs), 
owing to their superior tumor-initiating 
capacity. Emerging evidence shows that, 
similar to their normal counterparts, CSCs 
also reside in a specific microenvironment 
that is referred to as CSC niche. Thus, 
similar to normal stem cells, CSCs are 
regulated by, and in turn influence, stro-
mal cells within the tumor microenviron-
ment. These stromal cell compartments, 
including endothelial cells, infiltrating 
leukocytes, cancer-associated fibroblasts 
(CAFs), myofibroblasts and mesenchymal 
stem cells (MSCs), interact with CSCs 
directly or by secreting growth factors and 
cytokines.1 Among stromal cells, tumor-
associated macrophages (TAMs) majorly 
contribute to the tumor mass. High lev-
els of tumor-infiltrating macrophages are 
often correlated with high tumor stage 
and poor disease outcome.2 Although 
numerous studies have highlighted the 
links between TAMs and tumor initia-
tion, proliferation, immunosuppression, 
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angiogenesis and metastasis, the precise 
role of TAMs on the functions of CSCs 
remains largely unknown.

In a recent issue of Clinical Cancer 
Research, we have demonstrated that 
TAMs interact with CD44+ colorectal 
CSCs by secreting osteopontin (OPN), 
hence promoting their tumorigenicity and 
clonogenicity. Interestingly, we found that 
OPN secretion by TAMs is stimulated by 
CD44+ colorectal cancer cells and that 
the induction of OPN is closely associated 
with CD44 expression.3 Although the 
exact mechanisms whereby CD44+ can-
cer cells stimulate OPN secretion are not 
clear, our data suggest that CSCs strongly 
rely on their niche and, at the same time, 
re-educate stromal cells (notably TAMs) 
to their own benefit.

OPN is a glycoprotein secreted by a 
variety of tissues, including bone, den-
tal, renal and vascular tissues. OPN has 
been involved in a wide variety of cellu-
lar processes, such as atherosclerosis, bone 
remodeling, angiogenesis and wound 
healing.4 OPN is also expressed by many 
types of tumors, including breast, lung, 
gastric, hepatic, colon and prostate carci-
nomas. Moreover, elevated levels of OPN 
in the tumor tissue or plasma have been 
correlated with poor disease outcome 
in cancer patients.5 In many cases, the 
majority of cancer-associated OPN may 
be produced by stromal cells of the tumor 

microenvironment, especially TAMs and 
tumor-infiltrating leucocytes. Being a sol-
uble protein, OPN produced by stromal 
cells can influence the activities of cancer 
cells both locally and at distant sites. Of 
note, OPN+ cancer cells are often found 
at the invasive tumor margin, in close 
proximity to stromal cells, indicating that 
OPN is involved in the paracrine inter-
actions between malignant and stromal 
cells.6 This might also explain the roles of 
OPN in tumor progression and metasta-
sis. OPN secreted from both tumor cells 
and stromal cells can facilitate the adhe-
sion, migration, homing, survival and 
proliferation of the former by binding to 
integrins and CD44 receptors.4

The interactions between OPN and 
several distinct receptors can induce the 
activation of different signal transduc-
tion pathways, resulting in changes in 
the expression of multiple genes involved 
in cell survival, migration and invasion. 
For example, by binding to CD44, OPN 
has been shown enhance the formation 
of foci, invasion and tumorigenesis in 
H-Ras-V12-transformed cells via a RAC-
mediated signal transduction cascade. 
OPN reportedly activates phosphoinosit-
ide-3-kinase (PI3K) to induce the phos-
phorylation of AKT through a α
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integrin-transduced signaling pathway 
in breast cancer cells.8 Furthermore, we 
observed that the OPN-CD44 interaction 

the reciprocal interaction between cancer stem cells and their niche is important for oncogenesis and tumor progression, 
but the factors involved in this interrelationship remain largely unknown. we have recently demonstrated that osteopontin 
plays a crucial role in the crosstalk between CD44+ colorectal cancer stem cells and tumor-associated macrophages.
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binding to distinct receptors expressed on 
the surface of cancer cells. In addition, the 
reciprocal interaction between OPN and 
CSCs can remodel the tumor microenvi-
ronment upon the recruitment of immune 
cells. These observations reveal that OPN 
functions as an important niche factor that 
links CSCs with their microenvironment. 
The development of therapies targeting 
OPN and OPN-related signaling networks 
holds promise for cancer therapy.
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Moreover, the binding of OPN to α
v
β
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integrins has been described to affect nitric 
oxide production by macrophages, de facto 
decreasing their capability to kill tumor 
cells.10 These observations highlight indi-
rect effects whereby OPN promote tumor 
progression by recruiting immune cells to 
the tumor microenvironment.

Taken together, the results of the stud-
ies discussed above convincingly dem-
onstrate a critical role for OPN in tumor 
progression (Fig. 1). The expression levels 
of OPN in tumor microenvironment are 
regulated by CSCs, and, in turn, OPN can 
affect the activities of CSCs by directly 

can increase the clonogenicity of colon 
cancer cells upon the elicitation of c-JUN 
N-terminal kinase (JNK)-transmitted sig-
nals, an effect that is abrogated by CD44-
targeting blocking antibodies.3

OPN not only exert tumor-promoting 
functions, but also operates as an immuno-
regulator within tumor microenvironment. 
Thus, OPN is able to recruit macrophages 
and neutrophils to the tumor site, and the 
RGD sequence of OPN is necessary for 
this function.9 In many types of cancers, 
increased levels of OPN correlate with 
high levels of tumor-infiltrating leucocytes, 
including neutrophils and macrophages. 

Figure 1. Osteopontin links CD44+ cancer stem cells with their microenvironment. CD44+ cancer stem cells stimulate the secretion of osteopontin 
(OPN) by tumor-associated macrophages (tAMs). upon binding to integrins and CD44 expressed on the surface of several cell types, this results in 
decreased nitric oxide production by macrophages, in the activation of JNK-transduced signaling pathway in cancer cells as well as in the recruitment 
of monocytes and lymphocytes to the local microenvironment, overall favoring tumor progression.
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