Hypoxia reinforces tumour microevolution and therapy resistance by promoting 
CA9-mediated formation of cell-in-cell structures 
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Cell-in-cell (CIC) structures have been observed in human tumours for many decades, but their relevance to cancer progression remained unexplored for a long time. Recently emerging knowledge on the molecular and functional aspects of CIC phenomena suggests their involvement in microevolutionary processes that occur in highly heterogeneous tumour tissues and lead to the selection of aggressive tumour cells [1]. Previous studies have revealed an increased frequency of CIC structures in different carcinomas (e.g., lung, head and neck, and colorectal) and supported their prognostic value for cancer patients [2]. Interestingly, the newest data indicate that this biological process is a central mechanism through which tumour cells escape T-cell immunity and give rise to relapsed tumours [3]. In principle, CIC structures form either when tumour cells engulf one or more viable cells to gain nutrients in periods of starvation or when tumour cells actively invade other tumour cells to hide and escape killing by therapy. Generally, CIC structures develop in response to stress signals. Since hypoxia is a key stress factor present in the microenvironment of most solid tumours, we aimed to investigate its role in promoting CIC formation and to elucidate the underlying molecular mechanism. Here we present the first experimental evidence that hypoxia can increase abundance of CIC structures in various cancer cell types. We also demonstrate that this effect is mediated by carbonic anhydrase 9 (CA9), which plays a key role in pH regulation as an adaptive response of tumour cells to hypoxia leading to metabolic reprogramming and invasion/metastasis [4]. In support of this observation, CRISPR/Cas9-driven deletion of the CA9 gene, inhibition of CA9 enzyme activity, and treatment with CA9-specific monoclonal antibodies reduce the abundance of CIC structures. Interestingly, cancer cells expressing CA9 can exploit both modes of CIC formation, i.e., engulfment and invasion, giving them the ability to a variety of stress conditions. In conclusion, our findings support the view that hypoxia can induce the formation of CIC structures and that it is an additional phenomenon through which hypoxia contributes to tumour microevolution and therapy resistance. Moreover, this new evidence reinforces the rationale for using CA9 as a therapy target.  
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