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            Abstract
Brain metastasis frequently occurs in individuals with cancer and is often fatal. We used multiphoton laser scanning microscopy to image the single steps of metastasis formation in real time. Thus, it was possible to track the fate of individual metastasizing cancer cells in vivo in relation to blood vessels deep in the mouse brain over minutes to months. The essential steps in this model were arrest at vascular branch points, early extravasation, persistent close contacts to microvessels and perivascular growth by vessel cooption (melanoma) or early angiogenesis (lung cancer). Inefficient steps differed between the tumor types. Long-term dormancy was only observed for single perivascular cancer cells, some of which moved continuously. Vascular endothelial growth factor-A (VEGF-A) inhibition induced long-term dormancy of lung cancer micrometastases by preventing angiogenic growth to macrometastases. The ability to image the establishment of brain metastases in vivo provides new insights into their evolution and response to therapies.
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                    Figure 1: Mouse model and initial steps of brain metastasis formation.[image: ]


Figure 2: Interactions of cancer cells with the brain vasculature.[image: ]


Figure 3: Successful and unsuccessful macrometastasis formation.[image: ]


Figure 4: Dormancy and the essential and inefficient steps of metastasis.[image: ]


Figure 5: VEGF-A inhibition prevents early micrometastatic growth.[image: ]
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Initial arrest of cancer cells in the brain microvasculature. Passive movement of PC14-PE6 lung carcinoma cells (red) in relation to perfused brain microvessels (green, FITC dextran) imaged immediately after internal carotid artery injection for 3 min. Single images were acquired every 0.5 s, 50 Î¼m deep in the brain parenchyma. Cells are arrested in capillaries of the same diameter, primarily at vascular bifurcations; n = 4 mice. (AVI 5714 kb)


Supplementary Video 2
Cancer cell arrest stays dynamic for hours. When followed over 1 h after internal carotid injection, it becomes evident that cells continuously give up and reenter a resting position; permanent arrest is rare. This could explain why neither areas with permanent absence of blood flow in vivo, nor brain infarcts in histological examinations have been detected. Bifurcations of capillaries of the same diameter are still the preferred sites for arrest. Images were acquired every 30 s for 60 minafter injection of PC14-PE6 lung carcinoma cells (n = 4 animals; here: 20â€“50 Î¼m depth). (AVI 5287 kb)


Supplementary Video 3
Transmigration of the vascular wall. A melanoma cell (red, arrows) has partly extravasated through a hole in the wall (detected by additional GFP-positivity of endothelial cells in this animal, not shown) of blood vessel number 1. Note the extensive movement of the extravasated part, extending and retracting lamellipodia-like protrusions (arrowheads). The extravasated part is located in close proximity to a deeper larger vessel, which has no disruption of the endothelial lining (number 2). This video demonstrates the activity of the extravasation process, which always took longer than 30 min (n = 5 extravasating A2058 melanoma cells in n = 4 animals observed). Images were acquired every 45 s for 60 min, 24 h after injection (20â€“100 Î¼m depth). (AVI 5711 kb)
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