HOXC12 co-ordinates((2-adrenoceptor coupling to a cAMP/calcium feedforward loop to drive invasion.
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Introduction. Noradrenaline released from sympathetic nerves during chronic stress accelerates cancer metastasis by activating β2-adrenoceptors (β2ARs) on tumour cells to promote invasion. We previously identified that the β2AR drives invasion via a cAMP/calcium (Ca2+) feedforward loop in the highly metastatic triple negative breast cancer (TNBC) cell line MDA-MB-231HM (Pon et al, 2016). However, the commonality of this mechanism remains unknown.
Aims. To determine whether the β2AR-cAMP-Ca2+-invasion pathway is a common feature of TNBC. 
Methods. Formoterol activation of the endogenous β2AR was assessed in 11 TNBC cells. Interplay between cAMP and Ca2+ signalling was determined by measuring cAMP or Ca2+ in the presence of a Ca2+ chelator (BAPTA-AM) or an adenylyl cyclase inhibitor (2’,3’-dideoxyadenosine, ddA), respectively. Invasion was assessed using microscopy. Principle component analysis (PCA) of transcriptomic and proteomic data was conducted to identify differentially expressed genes/proteins between cells that possess the feedforward loop compared to those that do not.
Results. There was no effect of formoterol on cAMP or Ca2+ in two TNBC cells (HCC1937, MDA-MB-453). Formoterol increased cAMP and Ca2+ in six of the remaining nine TNBC cells: HCC38 (pEC50 cAMP 8.58±0.44, Ca2+ 7.90±0.22; n=6-8), HCC1143 (pEC50 cAMP 9.88±0.33, Ca2+ 9.70±0.25; n=4-6), HCC1806 (pEC50 cAMP 8.88±0.48, Ca2+ 8.98±0.38; n=4-6), BT549 (pEC50 cAMP 9.48±0.28, Ca2+ 9.65±0.70; n=4-5), MDA-MB-468 (pEC50 cAMP 9.08±0.40, Ca2+ 9.07±0.17; n=4-6), HCC1395 (pEC50 cAMP 8.26±0.31, Ca2+ 7.73±0.58; n=4). BAPTA-AM and ddA inhibited cAMP and Ca2+, respectively, suggesting that a cAMP/Ca2+ feedforward loop exists in these cells. Activation of the cAMP/Ca2+ feedforward loop correlated with accelerated invasion following β2AR stimulation. PCA identified higher expression of the HOXC12 transcription factor in cells with the feedforward loop. CRISPR knockdown of HOXC12 uncoupled the β2AR from the cAMP-Ca2+-invasion pathway.
Discussion. High expression of HOXC12 drives the β2AR-cAMP-Ca2+-invasion pathway in TNBC cells.
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