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            Abstract
Metastasis is a multistep process responsible for most cancer deaths, and it can be influenced by both the immediate microenvironment (cell–cell or cell–matrix interactions) and the extended tumour microenvironment (for example vascularization)1. Hypoxia (low oxygen) is clinically associated with metastasis and poor patient outcome, although the underlying processes remain unclear2. Microarray studies have shown the expression of lysyl oxidase (LOX) to be elevated in hypoxic human tumour cells3. Paradoxically, LOX expression is associated with both tumour suppression and tumour progression, and its role in tumorigenesis seems dependent on cellular location, cell type and transformation status4,5,6,7,8,9. Here we show that LOX expression is regulated by hypoxia-inducible factor (HIF) and is associated with hypoxia in human breast and head and neck tumours. Patients with high LOX-expressing tumours have poor distant metastasis-free and overall survivals. Inhibition of LOX eliminates metastasis in mice with orthotopically grown breast cancer tumours. Mechanistically, secreted LOX is responsible for the invasive properties of hypoxic human cancer cells through focal adhesion kinase activity and cell to matrix adhesion. Furthermore, LOX may be required to create a niche permissive for metastatic growth. Our findings indicate that LOX is essential for hypoxia-induced metastasis and is a good therapeutic target for preventing and treating metastases.
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                    Figure 1: Cancer patients expressing high levels of LOX have poor outcome.
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Figure 2: Inhibition of LOX prevents metastasis  in vivo.[image: ]


Figure 3: Inhibition of LOX prevents hypoxia-stimulated increased cell invasion.
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Figure 4: LOX is required for adhesion interactions necessary for migration.
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This figure displays a heatmap of analysed micro-array data showing the genes most strongly correlated to LOX expression in human breast cancer patients from the whole NKI dataset10. Genes of particular interest are highlighted. (PDF 537 kb)


Supplementary Notes 1 
This file shows the full list of genes from Supplementary Figure 2. (XLS 84 kb)
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This figure shows the generation of human cervical and breast cancer cells that stable express LOX shRNA. Assays to show reduced mRNA and protein levels are displayed, as well as in vitro and in vivo growth curves showing no significant differences with control cells. (PDF 122 kb)
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This figure shows a schematic representation of invasive migration, and demonstrates LOX’s independence from FN expression to phosphorylate FAK and increase invasion of hypoxic cells. Data is additionally shown to demonstrate impaired adhesion of SiHa cells to matrix with LOX shRNA expression, and restoration with forced LOX expression. (PDF 692 kb)
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        Editorial Summary
Hypoxia in tumours
Tumours contain areas of low oxygen (hypoxia) because cancer cells grow and divide so fast that the blood vessels can't keep up with their oxygen requirement. Cells in a hypoxic region are prone to metastasis, but the reasons for this are unknown. Erler et al. have now discovered high levels of the enzyme lysyl oxidase (LOX) in hypoxic cells. High LOX content was associated with a poor prognosis in breast cancer patients. In mice, LOX inhibition reduced metastases, suggesting that it is a possible therapeutic target.
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