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“A perfect match: How the nutrient microenvironment  

supports metastasis formation and progression” 

Cancer progression towards metastasis formation is the leading cause of death incidences in cancer patients. 

During metastasis formation and progression cancer cells need to adapt their overarching cellular phenotype and 

are challenged with alterations in the nutrient microenvironment. Both of these processes require changes in 

cancer cell metabolism that can be targeted for therapy. We are studying the metabolism of cancer cells during 

metastasis formation and progression using in vitro and in vivo 13C tracer analysis in 2D and 3D culture systems 

as well as metastatic breast cancer mouse models. We discovered that during metastasis formation, the survival 

and colonization capacity of breast cancer cells is dependent on the activity of proline dehydrogenase, which 

fuels mitochondrial energy production. We further found that inhibition of proline dehydrogenase is sufficient to 

inhibit growth in 3D cultures and reduce metastasis formation in vivo. Moreover, we discovered that once me-

tastases are established the nutrient availability within organ microenvironment defines the mode of anaplerosis 

breast cancer cells use to refill the TCA cycle for biomass production. Specifically, we found that the nutrients 

available within the lung microenvironment induce pyruvate carboxylase dependent anaplerosis via enzyme ki-

netics and decrease the need of breast cancer cells for glutamine anaplerosis. Taken together we show that phe-

notypic switches during metastasis formation require energy production from proline catabolism, while cancer 

cells are flexible to adapt their biomass production to the nutrients available within the organ microenvironment. 
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