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            Abstract
Multiform glioblastomas (GBM) are the most frequent and aggressive primary brain tumors in adults. The poor prognosis is due to neo-angiogenesis and cellular invasion, processes that require complex chemotaxic mechanisms involving motility, migration and adhesion. Understanding these different cellular events implies identifying receptors and transduction pathways that lead to and promote either migration or adhesion. Here we establish that glioma express the vasoactive peptide urotensin II (UII) and its receptor UT and that UT-mediated signaling cascades are involved in glioma cell migration and adhesion. Components of the urotensinergic systems, UII and UT, are widely expressed in patient-derived GBM tissue sections, glioma cell lines and fresh biopsy explants. Interestingly, gradient concentrations of UII produced chemoattracting migratory/motility effects in glioma as well as HEK293 cells expressing human UT. These effects mainly involved the G13/Rho/rho kinase pathway while partially requiring Gi/o/PI3K components. In contrast, we observed that homogeneous concentrations of UII drastically blocked cell motility and stimulated cell–matrix adhesions through a UT/Gi/o signaling cascade, partially involving phosphatidylinositol-3 kinase. Finally, we provide evidence that, in glioma cells, homogeneous concentration of UII allowed translocation of Gα13 to the UT receptor at the plasma membrane and increased actin stress fibers, lamellipodia formation and vinculin-stained focal adhesions. UII also provoked a re-localization of UT precoupled to Gαi in filipodia and initiated integrin-stained focal points. Altogether, these findings suggest that UT behaves as a chemotaxic receptor, relaying a signaling switch between directional migration and cell adhesion under gradient or homogeneous concentrations, thereby redefining sequential mechanisms affecting tumor cells during glioma invasion. Taken together, our results allow us to propose a model in order to improve the design of compounds that demonstrate signaling bias for therapies that target specifically the Gi/o signaling pathway.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 50 print issues and online access
$259.00 per year
only $5.18 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1[image: ]


Figure 2[image: ]


Figure 3[image: ]


Figure 4[image: ]


Figure 5[image: ]


Figure 6[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The interaction of β-arrestin1 with talin1 driven by endothelin A receptor as a feature of α5β1 integrin activation in high-grade serous ovarian cancer
                                        
                                    

                                    
                                        Article
                                         Open access
                                         30 January 2023
                                    

                                

                                Ilenia Masi, Flavia Ottavi, … Laura Rosanò

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        An agonistic anti-Tie2 antibody suppresses the normal-to-tumor vascular transition in the glioblastoma invasion zone
                                        
                                    

                                    
                                        Article
                                         Open access
                                         24 February 2023
                                    

                                

                                Eunhyeong Lee, Eun-Ah Lee, … Injune Kim

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Integrin α3β1 promotes vessel formation of glioblastoma-associated endothelial cells through calcium-mediated macropinocytosis and lysosomal exocytosis
                                        
                                    

                                    
                                        Article
                                         Open access
                                         25 July 2022
                                    

                                

                                Eunnyung Bae, Ping Huang, … Candece L. Gladson

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Wen PY, Kesari S . Malignant gliomas in adults. N Engl J Med 2008; 359: 492–507.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rigau V, Zouaoui S, Mathieu-Daudé H, Darlix A, Maran A, Trétarre B et al. French brain tumor database: 5-year histological results on 25 756 cases. Brain Pathol 2011; 21: 633–644.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Stupp R, Pavlidis N, Jelic S . ESMO Minimum Clinical Recommendations for diagnosis, treatment and follow-up of malignant glioma. Ann Oncol 2005 (Suppl 1): i64–i65.
Article 
    PubMed 
    
                    Google Scholar 
                

	Giese A, Bjerkvig R, Berens ME, Westphal M . Cost of migration: invasion of malignant gliomas and implications for treatment. J Clin Oncol 2003; 21: 1624–1636.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Johnston ALM, Lun X, Rahn JJ, Liacini A, Wang L, Hamilton MG et al. The p75 neurotrophin receptor is a central regulator of glioma invasion. PLoS Biol 2007; 5: e212.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Zagzag D, Esencay M, Mendez O, Yee H, Smirnova I, Huang Y et al. Hypoxia- and vascular endothelial growth factor-induced stromal cell-derived factor-1α/CXCR4 expression in glioblastomas: one plausible explanation of Scherer’s structures. Am J Pathol 2008; 173: 545–560.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Wang S-C, Hong J-H, Hsueh C, Chiang C-S . Tumor-secreted SDF-1 promotes glioma invasiveness and TAM tropism toward hypoxia in a murine astrocytoma model. Lab Investig 2012; 92: 151–162.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rempel SA, Dudas S, Ge S, Gutiérrez JA . Identification and localization of the cytokine SDF1 and its receptor, CXC chemokine receptor 4, to regions of necrosis and angiogenesis in human glioblastoma. Clin Cancer Res 2000; 6: 102–111.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Mugabe BE, Yaghini FA, Song CY, Buharalioglu CK, Waters CM, Malik KU . Angiotensin II-induced migration of vascular smooth muscle cells is mediated by p38 mitogen-activated protein kinase-activated c-Src through spleen tyrosine kinase and epidermal growth factor receptor transactivation. J Pharmacol Exp Ther 2010; 332: 116–124.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Daher Z, Noël J, Claing A . Endothelin-1 promotes migration of endothelial cells through the activation of ARF6 and the regulation of FAK activity. Cell Signal 2008; 20: 2256–2265.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Nishikawa K, Ayukawa K, Hara Y, Wada K, Aoki S . Endothelin/endothelin-B receptor signals regulate ventricle-directed interkinetic nuclear migration of cerebral cortical neural progenitors. Neurochem Int 2011; 58: 261–272.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Medeiros PJ, Al-Khazraji BK, Novielli NM, Postovit LM, Chambers AF, Jackson DN . Neuropeptide Y stimulates proliferation and migration in the 4T1 breast cancer cell line. Int J Cancer 2012; 131: 276–286.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lu D-Y, Leung Y-M, Huang S-M, Wong K-L . Bradykinin-induced cell migration and COX-2 production mediated by the bradykinin B1 receptor in glioma cells. J Cell Biochem 2010; 110: 141–150.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Segain J-P, Rolli-Derkinderen M, Gervois N, Raingeard de la Blétière D, Loirand G, Pacaud P . Urotensin II is a new chemotactic factor for UT receptor-expressing monocytes. J Immunol 2007; 179: 901–909.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Coulouarn Y, Lihrmann I, Jegou S, Anouar Y, Tostivint H, Beauvillain JC et al. Cloning of the cDNA encoding the urotensin II precursor in frog and human reveals intense expression of the urotensin II gene in motoneurons of the spinal cord. Proc Natl Acad Sci USA 1998; 95: 15803–15808.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Sugo T, Murakami Y, Shimomura Y, Harada M, Abe M, Ishibashi Y et al. Identification of urotensin II-related peptide as the urotensin II-immunoreactive molecule in the rat brain. Biochem Biophys Res Commun 2003; 310: 860–868.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Brulé C, Perzo N, Joubert J-E, Sainsily X, Leduc R, Castel H et al. Biased signaling regulates the pleiotropic effects of the urotensin II receptor to modulate its cellular behaviors. FASEB J 2014; 28: 5148–5162.
Article 
    PubMed 
    
                    Google Scholar 
                

	Zhang Y-G, Li J, Li Y-G, Wei R-H . Urotensin II induces phenotypic differentiation, migration, and collagen synthesis of adventitial fibroblasts from rat aorta. J Hypertens 2008; 26: 1119–1126.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Xu S, Jiang H, Wu B, Yang J, Chen S . Urotensin II induces migration of endothelial progenitor cells via activation of the RhoA/Rho kinase pathway. Tohoku J Exp Med 2009; 219: 283–288.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Grieco P, Franco R, Bozzuto G, Toccacieli L, Sgambato A, Marra M et al. Urotensin II receptor predicts the clinical outcome of prostate cancer patients and is involved in the regulation of motility of prostate adenocarcinoma cells. J Cell Biochem 2011; 112: 341–353.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Franco R, Zappavigna S, Gigantino V, Luce A, Cantile M, Cerrone M et al. Urotensin II receptor determines prognosis of bladder cancer regulating cell motility/invasion. J Exp Clin Cancer Res 2014; 33: 48.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Federico A, Zappavigna S, Romano M, Grieco P, Luce A, Marra M et al. Urotensin-II receptor is over-expressed in colon cancer cell lines and in colon carcinoma in humans. Eur J Clin Invest 2014; 44: 285–294.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wu Y-Q, Song Z, Zhou C-H, Xing S-H, Pei D-S, Zheng J-N . Expression of urotensin II and its receptor in human lung adenocarcinoma A549 cells and the effect of urotensin II on lung adenocarcinoma growth in vitro and in vivo. Oncol Rep 2010; 24: 1179–1184.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhou C-H, Wan Y-Y, Chu X-H, Song Z, Xing S-H, Wu Y-Q et al. Urotensin II contributes to the formation of lung adenocarcinoma inflammatory microenvironment through the NF-κB pathway in tumor-bearing nude mice. Oncol Lett 2012; 4: 1259–1263.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Takahashi K, Totsune K, Murakami O, Shibahara S . Expression of urotensin II and urotensin II receptor mRNAs in various human tumor cell lines and secretion of urotensin II-like immunoreactivity by SW-13 adrenocortical carcinoma cells. Peptides 2001; 22: 1175–1179.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Takahashi K, Totsune K, Murakami O, Arihara Z, Noshiro T, Hayashi Y et al. Expression of urotensin II and its receptor in adrenal tumors and stimulation of proliferation of cultured tumor cells by urotensin II. Peptides 2003; 24: 301–306.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lin Y, Tsuchihashi T, Matsumura K, Fukuhara M, Ohya Y, Fujii K et al. Central cardiovascular action of urotensin II in spontaneously hypertensive rats. Hypertens Res 2003; 26: 839–845.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Castel H, Diallo M, Chatenet D, Leprince J, Desrues L, Schouft M-T et al. Biochemical and functional characterization of high-affinity urotensin II receptors in rat cortical astrocytes. J Neurochem 2006; 99: 582–595.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jarry M, Diallo M, Lecointre C, Desrues L, Tokay T, Chatenet D et al. The vasoactive peptides urotensin II and urotensin II-related peptide regulate astrocyte activity through common and distinct mechanisms: involvement in cell proliferation. Biochem J 2010; 428: 113–124.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Desrues L, Lefebvre T, Lecointre C, Schouft M-T, Leprince J, Compère V et al. Down-regulation of GABA(A) receptor via promiscuity with the vasoactive peptide urotensin II receptor. Potential involvement in astrocyte plasticity. PLoS One 2012; 7: e36319.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Dorsam RT, Gutkind JS . G-protein-coupled receptors and cancer. Nat Rev Cancer 2007; 7: 79–94.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jarjour AA, Durko M, Luk TL, Marçal N, Shekarabi M, Kennedy TE . Autocrine netrin function inhibits glioma cell motility and promotes focal adhesion formation. PLoS One 2011; 6: e25408.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Mañes S, Mira E, Gómez-Moutón C, Ana Lacalle R, Keller P, Pablo Labrador J et al. Membrane raft microdomains mediate front–rear polarity in migrating cells. EMBO J 1999; 18: 6211–6220.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Brat DJ, Castellano-Sanchez AA, Hunter SB, Pecot M, Cohen C, Hammond EH et al. Pseudopalisades in glioblastoma are hypoxic, express extracellular matrix proteases, and are formed by an actively migrating cell population. Cancer Res 2004; 64: 920–927.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zagzag D, Lukyanov Y, Lan L, Ali MA, Esencay M, Mendez O et al. Hypoxia-inducible factor 1 and VEGF upregulate CXCR4 in glioblastoma: implications for angiogenesis and glioma cell invasion. Lab Investig 2006; 86: 1221–1232.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gould PS, Gu M, Liao J, Ahmad S, Cudmore MJ, Ahmed A et al. Upregulation of urotensin II receptor in preeclampsia causes in vitro placental release of soluble vascular endothelial growth factor receptor 1 in hypoxia. Hypertension 2010; 56: 172–178.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Shyu K-G, Wang B-W, Chen W-J, Kuan P, Lin C-M . Angiotensin II mediates urotensin II expression by hypoxia in cultured cardiac fibroblast. Eur J Clin Invest 2012; 42: 17–26.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhang Y-G, Kuang Z-J, Mao Y-Y, Wei R-H, Bao S-L, Wu L-B et al. Osteopontin is involved in urotensin II-induced migration of rat aortic adventitial fibroblasts. Peptides 2011; 32: 2452–2458.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yi K, Yu M, Wu L, Tan X . Effects of urotensin II on functional activity of late endothelial progenitor cells. Peptides 2012; 33: 87–91.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tzanidis A, Hannan RD, Thomas WG, Onan D, Autelitano DJ, See F et al. Direct actions of urotensin II on the heart: implications for cardiac fibrosis and hypertrophy. Circ Res 2003; 93: 246–253.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rossowski WJ, Cheng B-L, Taylor JE, Datta R, Coy DH . Human urotensin II-induced aorta ring contractions are mediated by protein kinase C, tyrosine kinases and Rho-kinase: inhibition by somatostatin receptor antagonists. Eur J Pharmacol 2002; 438: 159–170.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ames RS, Sarau HM, Chambers JK, Willette RN, Aiyar NV, Romanic AM et al. Human urotensin-II is a potent vasoconstrictor and agonist for the orphan receptor GPR14. Nature 1999; 401: 282–286.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Totsune K, Takahashi K, Arihara Z, Sone M, Satoh F, Ito S et al. Role of urotensin II in patients on dialysis. Lancet 2001; 358: 810–811.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Thompson JP, Watt P, Sanghavi S, Strupish JW, Lambert DG . A comparison of cerebrospinal fluid and plasma urotensin II concentrations in normotensive and hypertensive patients undergoing urological surgery during spinal anesthesia: a pilot study. Anesth Analg 2003; 97: 1501–1503.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cowley E, Thompson JP, Sharpe P, Waugh J, Ali N, Lambert DG . Effects of pre-eclampsia on maternal plasma, cerebrospinal fluid, and umbilical cord urotensin II concentrations: a pilot study. Br J Anaesth 2005; 95: 495–499.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Filipeanu CM, Brailoiu E, Le Dun S, Dun NJ . Urotensin-II regulates intracellular calcium in dissociated rat spinal cord neurons. J Neurochem 2002; 83: 879–884.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Mori M, Sugo T, Abe M, Shimomura Y, Kurihara M, Kitada C et al. Urotensin II is the endogenous ligand of a G-protein-coupled orphan receptor, SENR (GPR14). Biochem Biophys Res Commun 1999; 265: 123–129.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Nothacker HP, Wang Z, McNeill AM, Saito Y, Merten S, O’Dowd B et al. Identification of the natural ligand of an orphan G-protein-coupled receptor involved in the regulation of vasoconstriction. Nat Cell Biol 1999; 1: 383–385.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Matsusaka S, Wakabayashi I . Enhancement of vascular smooth muscle cell migration by urotensin II. Naunyn Schmiedebergs Arch Pharmacol 2006; 373: 381–386.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Teicher BA, Fricker SP . CXCL12 (SDF-1)/CXCR4 pathway in cancer. Clin Cancer Res 2010; 16: 2927–2931.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Mitra P, De A, Ethier MF, Mimori K, Kodys K, Shibuta K et al. Loss of chemokine SDF-1alpha-mediated CXCR4 signalling and receptor internalization in human hepatoma cell line HepG2. Cell Signal 2001; 13: 311–319.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Proulx CD, Holleran BJ, Boucard AA, Escher E, Guillemette G, Leduc R . Mutational analysis of the conserved Asp2.50 and ERY motif reveals signaling bias of the urotensin II receptor. Mol Pharmacol 2008; 74: 552–561.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ziltener P, Mueller C, Haenig B, Scherz MW, Nayler O . Urotensin II mediates ERK1/2 phosphorylation and proliferation in GPR14-transfected cell lines. J Recept Signal Transduct Res 2002; 22: 155–168.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Song W, McDonald J, Camarda V, Calo G, Guerrini R, Marzola E et al. Cell and tissue responses of a range of Urotensin II analogs at cloned and native urotensin II receptors. Evidence for coupling promiscuity. Naunyn Schmiedebergs Arch Pharmacol 2006; 373: 148–157.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Munshi R, Pang IH, Sternweis PC, Linden J . A1 adenosine receptors of bovine brain couple to guanine nucleotide-binding proteins Gi1, Gi2, and Go. J Biol Chem 1991; 266: 22285–22289.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Lachance M, Ethier N, Wolbring G, Schnetkamp PP, Hébert TE . Stable association of G proteins with beta 2AR is independent of the state of receptor activation. Cell Signal 1999; 11: 523–533.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Baneres J-L, Martin A, Hullot P, Girard J-P, Rossi J-C, Parello J . Structure-based analysis of GPCR function: conformational adaptation of both agonist and receptor upon leukotriene B4 binding to recombinant BLT1. J Mol Biol 2003; 329: 801–814.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Nobles M, Benians A, Tinker A . Heterotrimeric G proteins precouple with G protein-coupled receptors in living cells. Proc Natl Acad Sci USA 2005; 102: 18706–18711.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Kenakin T . Differences between natural and recombinant G protein-coupled receptor systems with varying receptor/G protein stoichiometry. Trends Pharmacol Sci 1997; 18: 456–464.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yamazaki J, Katoh H, Yamaguchi Y, Negishi M . Two G12 family G proteins, Gα12 and Gα13, show different subcellular localization. Biochem Biophys Res Commun 2005; 332: 782–786.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tan W, Martin D, Gutkind JS . The Galpha13-Rho signaling axis is required for SDF-1-induced migration through CXCR4. J Biol Chem 2006; 281: 39542–39549.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Panetti TS, Nowlen J, Mosher DF . Sphingosine-1-phosphate and lysophosphatidic acid stimulate endothelial cell migration. Arterioscler Thromb Vasc Biol 2000; 20: 1013–1019.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bian D, Mahanivong C, Yu J, Frisch SM, Pan ZK, Ye RD et al. The G12/13-RhoA signaling pathway contributes to efficient lysophosphatidic acid-stimulated cell migration. Oncogene 2006; 25: 2234–2244.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sauzeau V, Le Mellionnec E, Bertoglio J, Scalbert E, Pacaud P, Loirand G . Human urotensin II-induced contraction and arterial smooth muscle cell proliferation are mediated by RhoA and Rho-kinase. Circ Res 2001; 88: 1102–1104.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kirui JK, Xie Y, Wolff DW, Jiang H, Abel PW, Tu Y . Gbetagamma signaling promotes breast cancer cell migration and invasion. J Pharmacol Exp Ther 2010; 333: 393–403.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Xie Y, Abel PW, Kirui JK, Deng C, Sharma P, Wolff DW et al. Identification of upregulated phosphoinositide 3-kinase γ as a target to suppress breast cancer cell migration and invasion. Biochem Pharmacol 2013; 85: 1454–1462.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Cirillo P, De Rosa S, Pacileo M, Gargiulo A, Angri V, Fiorentino I et al. Human urotensin II induces tissue factor and cellular adhesion molecules expression in human coronary endothelial cells: an emerging role for urotensin II in cardiovascular disease. J Thromb Haemost 2008; 6: 726–736.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Watson AMD, Olukman M, Koulis C, Tu Y, Samijono D, Yuen D et al. Urotensin II receptor antagonism confers vasoprotective effects in diabetes associated atherosclerosis: studies in humans and in a mouse model of diabetes. Diabetologia 2013; 56: 1155–1165.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Monterrubio M, Mellado M, Carrera AC, Rodríguez-Frade JM . PI3Kgamma activation by CXCL12 regulates tumor cell adhesion and invasion. Biochem Biophys Res Commun 2009; 388: 199–204.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Glodek AM, Honczarenko M, Le Y, Campbell JJ, Silberstein LE . Sustained activation of cell adhesion is a differentially regulated process in B lymphopoiesis. J Exp Med 2003; 197: 461–473.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Nobes CD, Hall A . Rho, rac, and cdc42 GTPases regulate the assembly of multimolecular focal complexes associated with actin stress fibers, lamellipodia, and filopodia. Cell 1995; 81: 53–62.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hotchin NA, Hall A . The assembly of integrin adhesion complexes requires both extracellular matrix and intracellular rho/rac GTPases. J Cell Biol 1995; 131: 1857–1865.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Perzelová A, Máciková I, Mráz P, Bízik I, Steno J . Characterization of two new permanent glioma cell lines 8-MG-BA and 42-MG-BA. Neoplasma 1998; 45: 25–29.
PubMed 
    
                    Google Scholar 
                

	Bocchini V, Casalone R, Collini P, Rebel G, Lo Curto F . Changes in glial fibrillary acidic protein and karyotype during culturing of two cell lines established from human glioblastoma multiforme. Cell Tissue Res 1991; 265: 73–81.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yagi H, Tan W, Dillenburg-Pilla P, Armando S, Amornphimoltham P, Simaan M et al. A synthetic biology approach reveals a CXCR4-G13-Rho signaling axis driving transendothelial migration of metastatic breast cancer cells. Sci Signal 2011; 4: ra60.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Bartolomé RA, Wright N, Molina-Ortiz I, Sánchez-Luque FJ, Teixidó J . Activated G(alpha)13 impairs cell invasiveness through p190RhoGAP-mediated inhibition of RhoA activity. Cancer Res 2008; 68: 8221–8230.
Article 
    PubMed 
    
                    Google Scholar 
                

	Ayoub MA, Maurel D, Binet V, Fink M, Prézeau L, Ansanay H et al. Real-time analysis of agonist-induced activation of protease-activated receptor 1/Galphai1 protein complex measured by bioluminescence resonance energy transfer in living cells. Mol Pharmacol 2007; 71: 1329–1340.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank Mme Marie-Thérèse Schouft for her expertise in cytometry, the PRIMACEN platform (University of Rouen, France) for imaging equipments and Mr Arnaud Arabo and Mrs Huguette Lemonnier for skillful technical assistance. This work was supported by a CIHR (Canadian Institutes of Health Research) grant to RL and by Inserm, Géfluc, TC2N network, LARC Neuroscience and Institute on Innovative and Biomedical Research (IRIB), The University of Rouen. CL, VL, J-EJ and P-OG were recipients of a fellowship from the Haute-Normandy or French ministry.

                Author Contributions
              
CL performed main experiments on glioma cells (cell growth assays, cell cycle analysis, apoptosis, transwell migration, adhesion, immunohistochemistry, western blotting, ELISA). LD participated in western blotting and ELISA experiments, J-EJ validated and tested the UTERY(AAA) mutant on cell adhesion assay and VL validated the migration assay. P-OG performed immunohistochemical experiments on glioblastoma tissue biopsies. CB, NP, LP and RL provided background and experiments on BRET and FRET-HTRF biotechnologies; AL and FP provided glioblastoma biopsies from the Haute-Normandie tumorothèque; and PG, FM and HC supervised the study. HC and CL wrote the paper.


Author information
Authors and Affiliations
	Inserm U982, Laboratory of Neuronal and Neuroendocrine Communication and Differentiation, DC2N, Astrocyte and Vascular Niche, Biomedical Research Institute (IRIB), TC2N network, University of Rouen, Mont-Saint-Aignan, France
C Lecointre, L Desrues, J E Joubert, N Perzo, P-O Guichet, V Le Joncour, F Proust, P Gandolfo, F Morin & H Castel

	Department of Pharmacology, Institut of Pharmacology, Faculté de Médecine et des Sciences de la Santé, Université de Sherbrooke, Sherbrooke, Québec, Canada
N Perzo, C Brulé & R Leduc

	IGF, Institut of Functional Genomic, CNRS UMR 5203, Inserm U661, University of Montpellier 1 and 2, Montpellier, France
C Brulé & L Prézeau

	UMR CNRS 6214, Inserm 1083, Faculté de Médecine 3, Angers, France
M Chabbert

	Service of Anatomocytopathology, CHU of Rouen, ERI28 Inserm, IRIB, Rouen, France
A Laquerrière

	Service of Neurosurgery, CHU of Rouen, Rouen, France
F Proust


Authors	C LecointreView author publications
You can also search for this author in
                        PubMed Google Scholar



	L DesruesView author publications
You can also search for this author in
                        PubMed Google Scholar



	J E JoubertView author publications
You can also search for this author in
                        PubMed Google Scholar



	N PerzoView author publications
You can also search for this author in
                        PubMed Google Scholar



	P-O GuichetView author publications
You can also search for this author in
                        PubMed Google Scholar



	V Le JoncourView author publications
You can also search for this author in
                        PubMed Google Scholar



	C BruléView author publications
You can also search for this author in
                        PubMed Google Scholar



	M ChabbertView author publications
You can also search for this author in
                        PubMed Google Scholar



	R LeducView author publications
You can also search for this author in
                        PubMed Google Scholar



	L PrézeauView author publications
You can also search for this author in
                        PubMed Google Scholar



	A LaquerrièreView author publications
You can also search for this author in
                        PubMed Google Scholar



	F ProustView author publications
You can also search for this author in
                        PubMed Google Scholar



	P GandolfoView author publications
You can also search for this author in
                        PubMed Google Scholar



	F MorinView author publications
You can also search for this author in
                        PubMed Google Scholar



	H CastelView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                H Castel.


Ethics declarations

              
                Competing interests

                The authors declare no conflict of interest.

              
            

Additional information
Supplementary Information accompanies this paper on the Oncogene website


Supplementary information

Supplementary Information (PDF 1081 kb)

Supplementary Figures (DOCX 26 kb)




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Lecointre, C., Desrues, L., Joubert, J. et al. Signaling switch of the urotensin II vasosactive peptide GPCR: prototypic chemotaxic mechanism in glioma.
                    Oncogene 34, 5080–5094 (2015). https://doi.org/10.1038/onc.2014.433
Download citation
	Received: 26 May 2014

	Revised: 25 November 2014

	Accepted: 25 November 2014

	Published: 19 January 2015

	Issue Date: 24 September 2015

	DOI: https://doi.org/10.1038/onc.2014.433


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Information
                                
                            
	
                                
                                    Open Access Fees and Funding
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    For Advertisers
                                
                            
	
                                
                                    Subscribe
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors & Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Oncogene (Oncogene)
                
                
    
    
        ISSN 1476-5594 (online)
    
    


                
    
    
        ISSN 0950-9232 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    











    [image: ]







[image: ]
