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Introduction
Colorectal cancer represents one of the most frequent human
neoplasia in Western Countries. Patient prognosis dramatically
decreases in advanced tumour stage, when tumour cells acquire the
capability to leave the primary tumour site and invade lymph nodes or
distant organs. Chemokines and chemokine receptors have been
largely demonstrated to play a crucial role in tumour metastatic
progression, influencing the leukocyte composition of the tumour
microenvironment through the recruitment of immune cells and
driving tumour cells to distant metastatic sites [1,2].
In our recent paper, we unexpectedly found that the concomitant
expression of the chemokine CX3CL1 (Fractalkine) and its specific
receptor CX3CR1 by colorectal cancer cells strongly enforces
homotypic tumour cell adhesion, retaining cells locally and avoiding
tumour metastatic dissemination [3]. Clinically relevant, in colorectal
cancer patients, the co-expression of ligand and receptor results in a
significant reduced risk of tumour relapse and metastatic spreading
and increased patients’ survival.
Our study sheds light on the new idea that the relationship between
chemokine expression and cancer cells is not always associated with
tumour metastatization. Historically, chemokines are viewed as
mobilizing factors, controlling cell trafficking in both healthy and
pathological conditions, and chemokine receptor expression by
tumour cells has been associated with metastatic dissemination [4-6].
Recently, this paradigm has been called into question by different
studies, demonstrating that the same chemokine-receptor pair can act
both as a mobilizing and retention factor, depending on the tissue
context. For instance, the expression of the chemokine receptor
CXCR4 by tumour cells has been widely associated with metastatic
events [7,8]. On the contrary, CXCR4+ hematopoietic stem cells are
retained within the bone marrow niche by the chemokine CXCL12.
Similarly, immature thymocytes are kept in the thymic cortex by the
CXCL12-CXCR4 axis [9]. Another example is represented by the
chemokine receptor pair CCL25-CCR9: the expression of the CCL25CCR9 axis has been associated with metastatic dissemination in
different tumours, such as lung cancer, melanomas and ovarian cancer
[10-12]. Recently, Chen and colleagues demonstrated that the CCL25CCR9 axis inhibits colorectal cancer invasion and metastasis: colon
epithelial cells produce the chemokine CCL25 that retains chemokinereceptor CCR9+ neoplastic cells at primary tumour site [13].
Our study is in line with this observation in the context of tumoural
expression of the chemokine-receptor axis CX3CL1-CX3CR1. Of note,
the chemokine CX3CL1 exists both as a secreted ligand and a transmembrane protein; in this latter form, it functions as a perfect
adhesion molecule. This effect was mechanistically demonstrated in
vitro where the CX3CL1-CX3CR1 axis mediated homotypic tumour
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cell adhesion, and in in vivo mouse experiments, where the axis
prevented tumour cell metastatization to the liver, principally acting as
a retention factor [3].
This new paradigm on the role of chemokines in local tumour
retention needs to be integrated with the general dogma where
chemokines are viewed as mobilizing factors favouring tumour
dissemination. We and others have previously reported that CX3CR1
expression is involved in tumour metastatic spread in different
neoplasia, including prostate, breast, pancreatic cancer, hepatocellular
carcinoma and glioblastoma [14-18]. For instance, in prostate and
breast cancer, CX3CR1+ tumour cells, already circulating in the blood,
are attracted to distant sites by CX3CL1-expressing cells, driving the
metastatic progression of the disease [16,17]. In human pancreatic
ductal adenocarcinoma, we previously demonstrated that CX3CR1+
tumour cells adhere to nearby CX3CL1+ neural cells and ganglia,
leading to a local, rather than distant, tumour recurrence [15]. In our
recent manuscript in colorectal cancer, we have shown that CX3CR1+
tumour cells are retained within the primary tissue by tumour cells
expressing the ligand and those patients with concomitant expression
of both ligand and receptor have longer survival and lower risk of
developing metastasis [3]. Although the final outcome can be
dramatically different (metastatic progression versus longer survival
and reduced metastatic risk), the underlying mechanism is always the
attraction of chemokine receptor-positive tumour cells by its specific
ligand. In evaluating the role of CX3CR1 (or any other chemokine
receptor) in metastasis, the source of the ligand is of major importance:
when it is highly expressed within primary tumour, receptor-positive
cells refrain from dissemination, but if the ligand is locally absent and
expressed at distant sites, receptor positive cells can spread out of the
primary tumours, enter the circulation, and metastasize to distant
organs. Among these two extremes (high local vs. no local expression),
a wide range of conditions are possible, also considering the wellknown genomic instability of cancer cells. However, it appears unlikely
that tumours within the primary mass can sense chemokine ligands
produced at distant sites.
In conclusion, we think that our and other recent studies challenge
the concept that a chemokine-receptor axis always represents a
metastatic driving force. Although chemokines remain key players of
metastatic progression in a variety of tumours, some exceptions to this
rule have been recently provided. Indeed, a new and more complex
scenario is emerging; where the source of the ligand, as well as the cell
types expressing the chemokine receptor play a crucial role in
determining the metastatic outcome of the disease. This opposite effect
of the same mechanism sheds new light on the role of chemokinereceptor axis in tumour progression, enforcing the need of deeper
investigations of their function and their possibly anti-tumoural
therapeutic targeting.

Volume 1 • Issue 2 • 1000107

Citation:

Erreni M, Allavena P (2016) The Fractalkine-Receptor Axis Improves Human Colorectal Cancer Prognosis by Limiting Tumour
Metastatic Dissemination. J Cell Signal 1: 107. doi: 10.4172/2576-1471.1000107

Page 2 of 2

Acknowledgments:
This work was supported by Associazione Italiana Ricerca Cancro
(to PA) and Fondazione Veronesi (to ME).

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Wang D, Dubois RN, Richmond A (2009) The role of chemokines in
intestinal inflammation and cancer. Curr Opin Pharmaco l 9: 688-696.
Balkwill FR (2012) The chemokine system and cancer. J Pathol 226:
148-157.
Erreni M, Siddiqui I, Marelli G, Grizzi F, Bianchi P et al. (2016) The
Fractalkine-Receptor Axis Improves Human Colorectal Cancer Prognosis
by Limiting Tumor Metastatic Dissemination. J Immunol196: 902-914.
Mantovani A, Allavena P, Sica A, Balkwill F (2008) Cancer-related
inflammation. Nature 454: 436-444.
Mantovani A, Savino B, Locati M, Zammataro L, Allavena P, et al. (2010)
The chemokine system in cancer biology and therapy. Cytokine Growth
Factor Rev 21: 27-39.
Zlotnik A, Burkhardt AM, Homey B (2011) Homeostatic chemokine
receptors and organ-specific metastasis. Nat Rev Immunol 11: 597-606.
Gassmann P, Haier J, Schlüter K, Domikowsky B, Wendel C, et al. (2009)
CXCR4 regulates the early extravasation of metastatic tumor cells in vivo.
Neoplasia 11: 651-661.
Mukherjee D, Zhao J (2013) The Role of chemokine receptor CXCR4 in
breast cancer metastasis. Am J Cancer Res 3: 46-57.
Halkias J, Melichar HJ, Taylor KT, Ross JO, Yen B, et al. (2013) Opposing
chemokine gradients control human thymocyte migration in situ. J Clin
Invest 123: 2131-2142.
Amersi FF, Terando AM, Goto Y, Scolyer RA, Thompson JF, et al. (2008)
Activation of CCR9/CCL25 in cutaneous melanoma mediates preferential
metastasis to the small intestine. Clin Cancer Res 14: 638-645.

J Cell Signal, an open access journal
ISSN:2576-1471

11.

12.
13.
14.

15.

16.

17.
18.

Johnson EL, Singh R, Singh S, Johnson-Holiday CM, Grizzle WE, et al.
(2010) CCL25-CCR9 interaction modulates ovarian cancer cell
migration, metalloproteinase expression, and invasion. World J Surg
Oncol 8: 62.
Gupta P, Sharma PK, Mir H, Singh R, Singh N, et al. (2014) CCR9/CCL25
expression in non-small cell lung cancer correlates with aggressive disease
and mediates key steps of metastasis. Oncotarget 5: 10170-10179.
Chen HJ, Edwards R, Tucci S, Bu P, Milsom J, et al. (2012) Chemokine 25induced signaling suppresses colon cancer invasion and metastasis. J Clin
Invest 122: 3184-3196.
Matsubara T, Ono T, Yamanoi A, Tachibana M, Nagasue N (2007)
Fractalkine-CX3CR1 axis regulates tumor cell cycle and deteriorates
prognosis after radical resection for hepatocellular carcinoma. J Surg
Oncol 95:241-249.
Marchesi F, Piemonti L, Fedele G, Destro A, Roncalli M et al. (2008) The
chemokine receptor CX3CR1 is involved in the neural tropism and
malignant behavior of pancreatic ductal adenocarcinoma. Cancer Res 68:
9060-9069.
Jamieson WL, Shimizu S, D’Ambrosio JA, Meucci O, Fatatis A (2008)
CX3CR1 is expressed by prostate epithelial cells and androgens regulate
the levels of CX3CL1/fractalkine in the bone marrow: potential role in
prostate cancer bone tropism. Cancer Res. 68: 1715-1722.
Jamieson-Gladney WL, Zhang Y, Fong AM, Meucci O, Fatatis A (2011)
The chemokine receptor CXâ‚ƒCR1 is directly involved in the arrest of
breast cancer cells to the skeleton. Breast Cancer Res 13: R91.
Celesti G, Di Caro G, Bianchi P, Grizzi F, Marchesi F, et al. (2013) Early
expression of the fractalkine receptor CX3CR1 in pancreatic
carcinogenesis. Br J Cancer 109: 2424-2433.

Volume 1 • Issue 2 • 1000107

