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Cancer Microenvironment: Netrin-4 regulates stiffness and metastasis

The stiffness of the basement membrane is a determinant of the process of metastasis and patient survival. Netrin-4 is now shown to be a key regulator of the basement membrane stiffness.

The vast majority of cancer-related deaths can be attributed to metastasis. Despite several exceptions, patients diagnosed with cancer rarely die from primary tumour but from the development of distant secondary tumours. During metastasis, cancer cells escape from the primary tumour and use the blood stream (via intra-and extra-vasation) to disseminate to distant organs and seed secondary tumours. This process, which is highly inefficient -the large majority of the escaping tumour cells do not form active metastases -is often seen as a cell autonomous process, in response to various signals, from genetic alterations to microenvironmental cues. To reach secondary organs, metastatic cancer cells need to breach several basement membranes (BM) during their journey. The BM is a thin, dense, pliable sheet-like type of extracellular matrix that provides cell and tissue support. It is usually pictured as a robust nanoporous barrier sitting between epithelial tissues and the underlying connective tissue. The BM pore size is about a hundred times smaller than a cell, thus, cancer cells from the primary tumour have to find a way to either actively degrade (protease-dependent) or squeeze (protease-independent) to breach the BM to disseminate [START_REF] Chang | Beyond proteases: Basement membrane mechanics and cancer invasion[END_REF].

It has been shown in several studies that cancer cells can form actin-and protease-rich invadopodia to proteolytically degrade BM components and generate an entry site [START_REF] Weaver | Invadopodia: specialized cell structures for cancer invasion[END_REF]. Pioneering work in elegans has shown the first in vivo transmigration of the anchor cell across the BM in a force-driven protease-independent manner [START_REF] Cáceres | Forces drive basement membrane invasion in[END_REF]. Processes such as proliferation and collective cell migration have also been described as a physical way to breach the BM [START_REF] Nam | Mitotic cells generate protrusive extracellular forces to divide in three-dimensional microenvironments[END_REF][START_REF] Cheung | Collective invasion in breast cancer requires a conserved basal epithelial program[END_REF]. Finally, key stromal cells from the tumour microenvironment such as cancer associated fibroblasts or myoepithelial cells were reported to respectively pull and stretch the BM in a protease-independent manner or restrain tumour cells from escaping the BM [START_REF] Glentis | Cancer-associated fibroblasts induce metalloprotease-independent cancer cell invasion of the basement membrane[END_REF][START_REF] Sirka | Myoepithelial cells are a dynamic barrier to epithelial dissemination[END_REF]. In this issue of Nature Materials, Raphael Reuten, Janine Erler and colleagues investigate the process of metastasis formation and how the stiffness of the BM is regulated by a key protein, netrin-4 [START_REF] Reuten | Basement membrane stiffness determines metastases formation[END_REF].

Using a public breast cancer dataset from the Netherlands Cancer Insitute [START_REF] Van De Vijver | A gene-expression signature as a predictor of survival in breast cancer[END_REF], Reuten and colleagues examined survival in patients and computed a measure of associations with survival for each basement membrane gene across all groupings. They identified 35 BM genes present in the dataset and found netrin-4 to be the most correlated with patient survival. The role of netrin-4 remains controversial, as it is reported to both promote or inhibit angiogenesis and cancer cell migration. In a recent report, we demonstrated that netrin-4 was not able to interact with any of the netrin-1 receptors -e.g. DCC or UNC5s-and was actually a regulatory component of the BM through its high affinity to laminin g1. Interestingly, most of the previously reported netrin-4 roles could be explained by its regulatory role of the BM [START_REF] Reuten | Structural decoding of netrin-4 reveals a regulatory function towards mature basement membranes[END_REF].

Using various cancer cell lines for in vitro studies as well as orthotopic and tail-vein injection in a netrin-4 knockout mouse model in vivo, Reuten and colleagues demonstrate that the presence of netrin-4 in the BM, secreted by cancer associated fibroblasts and endothelial cells, inhibits tumour cell invasion and metastasis. More importantly and somehow in a fascinating counter-intuitive manner, the authors show that netrin-4 softens the BM by directly interfering with laminin ternary node complexes. They elegantly show both experimentally and theoretically that a softer BM prevents cancer cells from invasion in vitro and metastasis in vivo, correlating with patients' outcomes and survival. The process by which a softer BM can inhibit cancer cell migration is unknown, so far. Accordingly, future research will be required to fully elucidate how cancer cells sense and respond to the BM stiffness, as it was recently shown that interstitial ECM stiffness can modulate epithelial-to-mesenchymal transition and tumor cell invasion [START_REF] Wei | Matrix stiffness drives epithelial-mesenchymal transition and tumour metastasis through a TWIST1-G3BP2 mechanotransduction pathway[END_REF][START_REF] Fattet | Matrix Rigidity Controls Epithelial-Mesenchymal Plasticity and Tumor Metastasis via a Mechanoresponsive EPHA2/LYN Complex[END_REF][START_REF] Zhang | collagen receptor discoidin domain receptor 2 stabilizes SNAIL1 to facilitate breast cancer metastasis[END_REF]. An important point is whether the BM composition or stiffness is deciphered by already known mechanotransduction pathways or triggers new mechanisms that remain to be identified.

The findings by Reuten and colleagues indicate that the BM composition and stiffness determines how efficiently cancer cells can escape the primary tumour, intravasate, extravasate, and reach distant organs, and that metastasis may be favoured at secondary sites harbouring a stiffer BM. This may thus be a variation of the Stephen Paget's original "seed and soil" hypothesis depicting how specific patterns of tumor metastasis are the product of favourable interactions between metastatic tumour cells (the "seed") and the distant microenvironment (the "soil") 14. In the current work, the BM composition and stiffness of the "soil" may be the key for metastasis. Moreover, the proposed role of BM composition and stiffness in metastasis, independently of the tumour cells' intrinsic genetic alterations, would suggest that inter-individual genetic variations at the somatic level may explain differences in metastasis susceptibility. Eventually, the development of novel therapeutics to soften BMs at the primary and secondary sites could represent a promising approach to decrease or even prevent metastasis and thus improve patient survival.
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