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            Abstract
The cellular and molecular mechanisms by which a tumour cell undergoes metastasis to a predetermined location are largely unknown. Here we demonstrate that bone marrow-derived haematopoietic progenitor cells that express vascular endothelial growth factor receptor 1 (VEGFR1; also known as Flt1) home to tumour-specific pre-metastatic sites and form cellular clusters before the arrival of tumour cells. Preventing VEGFR1 function using antibodies or by the removal of VEGFR1+ cells from the bone marrow of wild-type mice abrogates the formation of these pre-metastatic clusters and prevents tumour metastasis, whereas reconstitution with selected Id3 (inhibitor of differentiation 3)-competent VEGFR1+ cells establishes cluster formation and tumour metastasis in Id3 knockout mice. We also show that VEGFR1+ cells express VLA-4 (also known as integrin α4β1), and that tumour-specific growth factors upregulate fibronectin—a VLA-4 ligand—in resident fibroblasts, providing a permissive niche for incoming tumour cells. Conditioned media obtained from distinct tumour types with unique patterns of metastatic spread redirected fibronectin expression and cluster formation, thereby transforming the metastatic profile. These findings demonstrate a requirement for VEGFR1+ haematopoietic progenitors in the regulation of metastasis, and suggest that expression patterns of fibronectin and VEGFR1+VLA-4+ clusters dictate organ-specific tumour spread.
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                    Figure 1: 
                        Bone marrow-derived cells form the pre-metastatic niche.
                      [image: ]


Figure 2: 
                        Pre-metastatic clusters are comprised of VEGFR1
                        +
                         haematopoietic progenitors.
                      [image: ]


Figure 3: 
                        Expression of VEGFR1 in pre-metastatic human tissue.
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Figure 4: 
                        Inhibition of homing of bone marrow cells prevents metastasis.
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Figure 5: 
                        The VLA-4/fibronectin pathway mediates cluster formation.
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Figure 6: 
                        Redirection of LLC metastases to atypical sites.
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        Editorial Summary
The ‘pre-metastatic’ niche
Many tumours have a tendency towards metastasis to specific organs. The mechanisms that guide tumour cells to a specific tissue are largely unknown, but current thinking is that it may involve molecular differences inherent in the tumour cells themselves, modulated by the effects of immune cells and other tissues. New research suggests another possibility: haematopoietic precursor cells in the bone marrow expressing VEGFR1 appear to home in on specific sites before the tumour cells get there, paving the way for wandering metastatic cells by forming niches where they can locate and multiply. The concept of a pre-metastatic niche, in which non-cancer cells promote future metastasis, is a novel one that raises the possibility that targeting VEGFR1 and related molecules could have therapeutic value.
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