
In recent years, significant progress has been made in our 
understanding of the events that take place during the 
metastatic process. We have begun to appreciate that 
several rate-limiting steps in the metastatic cascade – 
such as invasion, extravasation, and survival at the secon-
dary site – are regulated by an intimate interplay of 
disseminated cells and the local environment present 
both at the primary site and at the site of metastatic 
development. Together these cell extrinsic factors 
collaborate with pre-existing oncogenic and virulence 
programs in malignant cells to promote successful 
metastasis. For example, tumor-derived TNFα, trans-
form ing growth factor beta (TGFβ), and Toll-like recep-
tor 4 ligands lead to recruitment of inflammatory cells to 
the pre-metastatic lung, which in turn enhance meta-
static cell extravasation and survival through expression 
of factors such as S100A3/4, matrix metallopeptidase 9 
and vascular endothelial growth factor [1-3]. However, 
inflammatory cytokines such as these can also activate 
immune surveil lance and induce tumoricidal activity in 

the innate immune compartment. �is suggests that the 
exact context or milieu of tumor-derived cytokines may 
in the end control the hospitality of the metastatic site 
during and/or prior to metastatic colonization.

A recent example of immune preparation of the pre-
metastatic site by Pollard and colleagues utilized the 
MMTV-PyMT mouse model of luminal breast cancer 
and demonstrated that CD11b+CSF1R+Gr1+Ly6C+CCR2+ 
inflammatory monocytes are recruited to the pre-
metastatic lung during the process of metastatic 
colonization by CCL2 [4]. In turn these inflammatory 
monocytes increase tumor cell extravasation from the 
vasculature into the lung parenchyma by increasing 
vascular endothelial growth factor-induced vascular per-
mea bility and subsequent malignant cell trans endothelial 
migration. Additionally myeloid cells present in the 
metastatic site may enhance the survival of extravasated 
cells by engagement of vascular cell adhesion molecule-1 
[5]. �ese experiments indicate that CCL2 synthe sized by 
metastatic tumor cells and/or the target-site stroma is 
critical for the recruitment of a subpopulation of CCR2-
expressing monocytes that enhance the subsequent 
extravasation of the tumor cells.

However, recruitment of inflammatory monocytes is 
not the only consequence of tumor-derived CCL2. Work 
by Benezra and colleagues has recently shown that tumor 
CCR2+ neutrophils are also recruited to the pre-
metastatic lung [6]. Instead of facilitating metastatic 
tumors, however, these neutrophils diminish the survival 
of disseminated cells through CCL2-dependent activa-
tion of H2O2-mediated killing. �ese results would suggest 
that inflammatory cytokines such as CCL2 both promote 
and hinder metastatic tumor onset. �e challenge for 
developing such potential targets clinically is therefore 
understanding how these processes are concomitantly 
regulated and when pro-tumor and anti-tumor activity is 
the dominant player. Perhaps the devil is in the detail. 
Several tumor-derived cytokines can activate neutrophil 
cyto toxic activities, including CCL2, CCL5, CCL3, and 
CXCL1; however, other tumor-derived factors such as 
granulocyte colony-stimulating factor block potential anti-
tumor neutrophil activity and instead trigger granulo-
cytes to favor tumor growth and metastasis promotion.
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Similarly, Fridlender and colleagues demonstrated that 
when TGFβ signaling is actively engaged, CD11b+Ly6GHi 
granulocyte precursors promote mammary tumor pro-
gression; however, in the presence of inhibition of type I 
TGFβ receptor signaling, CD11b+Ly6GHi differen tiated 
neutrophils/granulocytes exhibit tumoricidal activity 

[7,8]. Additionally, in another model of breast cancer, 
Kowanetz and colleagues showed that Ly6C+Ly6G+ 
granulocytes were pro-metastatic when mobilized using 
granulocyte colony-stimulating factor or Bv8 [9].

Taken together these data suggest that metastatic com-
pe tency may also be tied to the ability of disseminated 

Figure 1. Diverse outcomes of tumor-derived CCL2. CCL2 expression by mammary tumors can recruit and activate circulating tumor-activated 
neutrophils (‘N1’ TANs) to kill disseminated tumor cells. However, when these tumors are also producing factors such as transforming growth factor 
beta (TGFβ) and granulocytic colony-stimulating factor (GCSF), immature granulocytes such as granulocyte myeloid-derived suppressor cells 
(G-MDSC), ‘N2’ TANs and inflammatory monocytes are preferentially recruited in response to CCL2, and these cells in turn favor disseminated cell 
survival and proliferation. TAM, tumor-associated macrophage.
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tumors to alter granulocyte differentiation/activation to 
favor tumor cell survival in response to inflammatory 
cytokines such as CCL2. The exact milieu of cytokines 
produced by the primary tumor, as well as disseminated 
tumor cells, and the composition of the microenviron-
ment at the site of disseminated cell arrest can thus vastly 
influence the type of immune response elicited (Figure 1). 
So while expression of CCL2, probably in concert with 
CCL5, might mediate tumor rejection, CCL2 in concert 
with TGFβ may mediate myeloid-derived suppressor cell 
and/or inflam ma tory monocyte promotion of dissemi-
nated malignant cell survival.

Clinical implications
While the exact effects of CCL2 on individual immune 
cell pro-tumor and anti-tumor properties are still being 
understood, clinical therapeutics targeting CCL2 or 
CCR2 are currently being employed. Correlative studies 
in breast cancer and prostate cancer have shown that 
increased tumor or serum CCL2 levels are associated 
with worse prognosis [10]. There are therefore currently 
several registered trials using either anti-CCL2 or anti-
CCR2 pharmaceuticals for the treatment of solid tumors, 
in particular prostate cancer. Two of these trials are in 
patients with advanced disease in combination with 
standard of care chemotherapy (NCT01204996) and in 
patients with any primary bony metastases (NCT01015560). 
Clearly, given the currently available data, CCL2/CCR2 
signaling is a worthwhile target in the treatment of 
human cancers, including breast cancer; however, more 
work on the correct timing and proper utilization of this 
signaling may be warranted in order to maximize the 
efficacy of adding this treatment regimen.
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