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            Abstract
Angiogenesis is critical during tumour initiation and malignant progression1. Different strategies aimed at blocking vascular endothelial growth factor (VEGF) and its receptors have been developed to inhibit angiogenesis in cancer patients2. It has become increasingly clear that in addition to its effect on angiogenesis, other mechanisms including a direct effect of VEGF on tumour cells may account for the efficiency of VEGF-blockade therapies3. Cancer stem cells (CSCs) have been described in various cancers including squamous tumours of the skin4,5. Here we use a mouse model of skin tumours to investigate the impact of the vascular niche and VEGF signalling on controlling the stemness (the ability to self renew and differentiate) of squamous skin tumours during the early stages of tumour progression. We show that CSCs of skin papillomas are localized in a perivascular niche, in the immediate vicinity of endothelial cells. Furthermore, blocking VEGFR2 caused tumour regression not only by decreasing the microvascular density, but also by reducing CSC pool size and impairing CSC renewal properties. Conditional deletion of Vegfa in tumour epithelial cells caused tumours to regress, whereas VEGF overexpression by tumour epithelial cells accelerated tumour growth. In addition to its well-known effect on angiogenesis, VEGF affected skin tumour growth by promoting cancer stemness and symmetric CSC division, leading to CSC expansion. Moreover, deletion of neuropilin-1 (Nrp1), a VEGF co-receptor expressed in cutaneous CSCs, blocked VEGF’s ability to promote cancer stemness and renewal. Our results identify a dual role for tumour-cell-derived VEGF in promoting cancer stemness: by stimulating angiogenesis in a paracrine manner, VEGF creates a perivascular niche for CSCs, and by directly affecting CSCs through Nrp1 in an autocrine loop, VEGF stimulates cancer stemness and renewal. Finally, deletion of Nrp1 in normal epidermis prevents skin tumour initiation. These results may have important implications for the prevention and treatment of skin cancers.
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                    Figure 1: 
                        A perivascular niche regulates cancer stemness in skin papilloma.
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Figure 2: 
                        VEGF expression by tumour cells is required for the maintenance of cutaneous cancer stem cells.
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Figure 3: 
                        Increased VEGF expression promotes cutaneous cancer-stem-cell expansion.
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Figure 4: 
                        Nrp1 is required for squamous tumour initiation and regulates stemness of cutaneous cancer cells.
                      [image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Age-dependent loss of HAPLN1 erodes vascular integrity via indirect upregulation of endothelial ICAM1 in melanoma
                                        
                                    

                                    
                                        Article
                                        
                                         12 March 2024
                                    

                                

                                Gloria E. Marino-Bravante, Alexis E. Carey, … Ashani T. Weeraratna

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The extracellular matrix dictates regional competence for tumour initiation
                                        
                                    

                                    
                                        Article
                                        
                                         15 November 2023
                                    

                                

                                Nordin Bansaccal, Pauline Vieugue, … Cédric Blanpain

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        s-HBEGF/SIRT1 circuit-dictated crosstalk between vascular endothelial cells and keratinocytes mediates sorafenib-induced hand–foot skin reaction that can be reversed by nicotinamide
                                        
                                    

                                    
                                        Article
                                         Open access
                                         15 April 2020
                                    

                                

                                Peihua Luo, Hao Yan, … Qiaojun He

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Accession codes

              
              
                Primary accessions

                
                  Gene Expression Omnibus
	
                    
                        GSE31465
                      

                  


                
              
              
                Data deposits

                Microarray data have been deposited in the GEO database under accession number GSE31465.

              
            

References
	Kerbel, R. S. Tumor angiogenesis. N. Engl. J. Med. 358, 2039–2049 (2008)
Article 
    CAS 
    
                    Google Scholar 
                

	Ferrara, N., Mass, R. D., Campa, C. & Kim, R. Targeting VEGF-A to treat cancer and age-related macular degeneration. Annu. Rev. Med. 58, 491–504 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Ellis, L. M. & Hicklin, D. J. VEGF-targeted therapy: mechanisms of anti-tumour activity. Nature Rev. Cancer 8, 579–591 (2008)
Article 
    CAS 
    
                    Google Scholar 
                

	Lobo, N. A., Shimono, Y., Qian, D. & Clarke, M. F. The biology of cancer stem cells. Annu. Rev. Cell Dev. Biol. 23, 675–699 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Malanchi, I. et al. Cutaneous cancer stem cell maintenance is dependent on β-catenin signalling. Nature 452, 650–653 (2008)
Article 
    CAS 
    ADS 
    
                    Google Scholar 
                

	Alam, M. & Ratner, D. Cutaneous squamous-cell carcinoma. N. Engl. J. Med. 344, 975–983 (2001)
Article 
    CAS 
    
                    Google Scholar 
                

	Perez-Losada, J. & Balmain, A. Stem-cell hierarchy in skin cancer. Nature Rev. Cancer 3, 434–443 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	Kemp, C. J. Multistep skin cancer in mice as a model to study the evolution of cancer cells. Semin. Cancer Biol. 15, 460–473 (2005)
Article 
    CAS 
    
                    Google Scholar 
                

	Calabrese, C. et al. A perivascular niche for brain tumor stem cells. Cancer Cell 11, 69–82 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Butler, J. M., Kobayashi, H. & Rafii, S. Instructive role of the vascular niche in promoting tumour growth and tissue repair by angiocrine factors. Nature Rev. Cancer 10, 138–146 (2010)
Article 
    CAS 
    
                    Google Scholar 
                

	Kiel, M. J. & Morrison, S. J. Maintaining hematopoietic stem cells in the vascular niche. Immunity 25, 862–864 (2006)
Article 
    CAS 
    
                    Google Scholar 
                

	Witte, L. et al. Monoclonal antibodies targeting the VEGF receptor-2 (Flk1/KDR) as an anti-angiogenic therapeutic strategy. Cancer Metastasis Rev. 17, 155–161 (1998)
Article 
    CAS 
    
                    Google Scholar 
                

	Miller, D. W. et al. Rapid vessel regression, protease inhibition, and stromal normalization upon short-term vascular endothelial growth factor receptor 2 inhibition in skin carcinoma heterotransplants. Am. J. Pathol. 167, 1389–1403 (2005)
Article 
    CAS 
    
                    Google Scholar 
                

	Lichtenberger, B. M. et al. Autocrine VEGF signaling synergizes with EGFR in tumor cells to promote epithelial cancer development. Cell 140, 268–279 (2010)
Article 
    CAS 
    
                    Google Scholar 
                

	Rossiter, H. et al. Loss of vascular endothelial growth factor A activity in murine epidermal keratinocytes delays wound healing and inhibits tumor formation. Cancer Res. 64, 3508–3516 (2004)
Article 
    CAS 
    
                    Google Scholar 
                

	Hirakawa, S. et al. VEGF-A induces tumor and sentinel lymph node lymphangiogenesis and promotes lymphatic metastasis. J. Exp. Med. 201, 1089–1099 (2005)
Article 
    CAS 
    
                    Google Scholar 
                

	Larcher, F., Murillas, R., Bolontrade, M., Conti, C. J. & Jorcano, J. L. VEGF/VPF overexpression in skin of transgenic mice induces angiogenesis, vascular hyperpermeability and accelerated tumor development. Oncogene 17, 303–311 (1998)
Article 
    CAS 
    
                    Google Scholar 
                

	Gerber, H. P. et al. VEGF is required for growth and survival in neonatal mice. Development 126, 1149–1159 (1999)
CAS 
    PubMed 
    
                    Google Scholar 
                

	Lechler, T. & Fuchs, E. Asymmetric cell divisions promote stratification and differentiation of mammalian skin. Nature 437, 275–280 (2005)
Article 
    CAS 
    ADS 
    
                    Google Scholar 
                

	Poulson, N. D. & Lechler, T. Robust control of mitotic spindle orientation in the developing epidermis. J. Cell Biol. 191, 915–922 (2010)
Article 
    CAS 
    
                    Google Scholar 
                

	Williams, S. E., Beronja, S., Pasolli, H. A. & Fuchs, E. Asymmetric cell divisions promote Notch-dependent epidermal differentiation. Nature 470, 353–358 (2011)
Article 
    CAS 
    ADS 
    
                    Google Scholar 
                

	Maes, C. et al. Increased skeletal VEGF enhances β-catenin activity and results in excessively ossified bones. EMBO J. 29, 424–441 (2010)
Article 
    CAS 
    
                    Google Scholar 
                

	Soker, S., Takashima, S., Miao, H. Q., Neufeld, G. & Klagsbrun, M. Neuropilin-1 is expressed by endothelial and tumor cells as an isoform-specific receptor for vascular endothelial growth factor. Cell 92, 735–745 (1998)
Article 
    CAS 
    
                    Google Scholar 
                

	Staton, C. A., Kumar, I., Reed, M. W. & Brown, N. J. Neuropilins in physiological and pathological angiogenesis. J. Pathol. 212, 237–248 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Pan, Q. et al. Blocking neuropilin-1 function has an additive effect with anti-VEGF to inhibit tumor growth. Cancer Cell 11, 53–67 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Vasioukhin, V., Bauer, C., Degenstein, L., Wise, B. & Fuchs, E. Hyperproliferation and defects in epithelial polarity upon conditional ablation of alpha-catenin in skin. Cell 104, 605–617 (2001)
Article 
    CAS 
    
                    Google Scholar 
                

	Vasioukhin, V., Degenstein, L., Wise, B. & Fuchs, E. The magical touch: genome targeting in epidermal stem cells induced by tamoxifen application to mouse skin. Proc. Natl Acad. Sci. USA 96, 8551–8556 (1999)
Article 
    CAS 
    ADS 
    
                    Google Scholar 
                

	Gerber, H. P. et al. VEGF is required for growth and survival in neonatal mice. Development 126, 1149–1159 (1999)
CAS 
    PubMed 
    
                    Google Scholar 
                

	Gu, C. et al. Neuropilin-1 conveys semaphorin and VEGF signaling during neural and cardiovascular development. Dev. Cell 5, 45–57 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	Abel, E. L., Angel, J. M., Kiguchi, K. & DiGiovanni, J. Multi-stage chemical carcinogenesis in mouse skin: fundamentals and applications. Nature Protocols 4, 1350–1362 (2009)
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank Genetech for providing blocking anti-Nrp1 antibodies and H. Fujisawa, N. Ferrara and A. Nagy for providing the Nrp1fl/−, Vegffl/fl and ROSA26-VEGF-164 mice, respectively. C.B. is an investigator of Welbio. C.B. and P.A.S. are chercheur qualifié and B.B. is a chargé de recherche of the FRS/FNRS; Am.C. and G.M. are research fellows of the FRS/FRIA. G.D. is supported by the Brussels Region, B.D. and K.K.Y. by TELEVIE and. S.G. is a postdoctoral fellow of the Basic Science Research Foundation-Flanders (FWO). S.L. is funded by the Max-Eder group leader program of the Deutsche Krebshilfe, by the Hamburger Krebsgesellschaft and by the Roggenbuck Stiftung. P.C. is funded by Long-term structural Methusalem funding by the Flemish Government. This work was supported by the FNRS, the program d’excellence CIBLES of the Wallonia Region, a research grant from the Fondation Contre le Cancer, the ULB foundation and the fond Gaston Ithier, a starting grant of the European Research Council (ERC) and the EMBO Young Investigator Program.


Author information
Author notes	Sonja Loges
Present address: Present address: Universitätsklinikum Hamburg-Eppendorf, II, Medical Clinic & Institute of Tumor Biology, Hamburg 20246, Germany., 


Authors and Affiliations
	IRIBHM, Université Libre de Bruxelles, 808 route de Lennik, 1070 Brussels, Belgium
Benjamin Beck, Gregory Driessens, Khalil Kass Youssef, Amélie Caauwe, Panagiota A. Sotiropoulou, Gaelle Lapouge, Aurélie Candi, Guilhem Mascre, Benjamin Drogat, Sophie Dekoninck & Cédric Blanpain

	VIB Department for Molecular Biomedical Research, Vascular Cell Biology Unit, 9052 Ghent, Belgium
Steven Goossens & Jody J. Haigh

	UGent Department for Molecular Biomedical Research, 9052 Ghent, Belgium
Steven Goossens, Anna Kuchnio & Jody J. Haigh

	Laboratory of Angiogenesis and Neurovascular Link, Vesalius Research Center, VIB, 3000 Leuven, Belgium
Anna Kuchnio, Sonja Loges & Peter Carmeliet

	Laboratory of Angiogenesis and Neurovascular Link, Vesalius Research Center, K.U. Leuven, 3000 Leuven, Belgium
Sonja Loges & Peter Carmeliet

	Welbio, IRIBHM, Université Libre de Bruxelles, 808 route de Lennik, 1070 Brussels, Belgium
Cédric Blanpain


Authors	Benjamin BeckView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gregory DriessensView author publications
You can also search for this author in
                        PubMed Google Scholar



	Steven GoossensView author publications
You can also search for this author in
                        PubMed Google Scholar



	Khalil Kass YoussefView author publications
You can also search for this author in
                        PubMed Google Scholar



	Anna KuchnioView author publications
You can also search for this author in
                        PubMed Google Scholar



	Amélie CaauweView author publications
You can also search for this author in
                        PubMed Google Scholar



	Panagiota A. SotiropoulouView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sonja LogesView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gaelle LapougeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Aurélie CandiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Guilhem MascreView author publications
You can also search for this author in
                        PubMed Google Scholar



	Benjamin DrogatView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sophie DekoninckView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jody J. HaighView author publications
You can also search for this author in
                        PubMed Google Scholar



	Peter CarmelietView author publications
You can also search for this author in
                        PubMed Google Scholar



	Cédric BlanpainView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
C.B., B.B., G.D., S.G., K.K.Y., P.C. and J.J.H. designed the experiments and performed data analysis. B.B., G.D., S.G., K.K.Y., G.L., S.L. and A.K. performed most of the experiments; P.A.S., Au.C., G.M. and B.D. contributed to mice treatment; S.D. and Am.C. provided technical support. C.B. and B.B. wrote the manuscript.
Corresponding author
Correspondence to
                Cédric Blanpain.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary Figures
The file contains Supplementary Figures 1-15 with legends. (PDF 5657 kb)





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4




Rights and permissions
Reprints and permissions


About this article
Cite this article
Beck, B., Driessens, G., Goossens, S. et al. A vascular niche and a VEGF–Nrp1 loop regulate the initiation and stemness of skin tumours.
                    Nature 478, 399–403 (2011). https://doi.org/10.1038/nature10525
Download citation
	Received: 17 November 2010

	Accepted: 24 August 2011

	Published: 19 October 2011

	Issue Date: 20 October 2011

	DOI: https://doi.org/10.1038/nature10525


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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Cross-talk between cancer stem cells and immune cells: potential therapeutic targets in the tumor immune microenvironment
                                    
                                

                            
                                
                                    	Bo Wu
	Xiang Shi
	Hongxu Liu


                                
                                Molecular Cancer (2023)

                            
	
                            
                                
                                    
                                        Histone modifications in drug-resistant cancers: From a cancer stem cell and immune evasion perspective
                                    
                                

                            
                                
                                    	Ming Li Jin
	Kwang Won Jeong


                                
                                Experimental & Molecular Medicine (2023)

                            
	
                            
                                
                                    
                                        Advances in cutaneous squamous cell carcinoma
                                    
                                

                            
                                
                                    	Mårten C. G. Winge
	Laura N. Kellman
	Paul A. Khavari


                                
                                Nature Reviews Cancer (2023)

                            
	
                            
                                
                                    
                                        VEGF/Nrp1/HIF-1α promotes proliferation of hepatocellular carcinoma through a positive feedback loop
                                    
                                

                            
                                
                                    	Yun-Bing Wang
	Kai-Wen Zheng
	Xiong Ding


                                
                                Medical Oncology (2023)

                            
	
                            
                                
                                    
                                        Breast cancer stem cells generate immune-suppressive T regulatory cells by secreting TGFβ to evade immune-elimination
                                    
                                

                            
                                
                                    	Sumon Mukherjee
	Sourio Chakraborty
	Tanya Das


                                
                                Discover Oncology (2023)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Targeting a cancer stem-cell niche
Experiments in a mouse model of skin papillomas show that the tumour vasculature not only supplies blood, but also serves as a vascular niche environment that supports cancer stem cells. Vascular endothelial growth factor (VEGF) expression by tumour cells is important for angiogenesis, but also acts in an autocrine manner through its receptor to promote self-renewing divisions of cancer stem cells. Deletion of Nrp1 blocked the ability of VEGF to promote tumorigenesis, and may be a viable therapeutic target for skin cancers.

show all

    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Skin-cancer stem cells outwitted
                

                
	Salvador Aznar Benitah



                
    
        
            Nature
        
        News & Views
        
        
            19 Oct 2011
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For 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


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (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




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing: Cancer]
                    Sign up for the Nature Briefing: Cancer newsletter — what matters in cancer research, free to your inbox weekly.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get what matters in cancer research, free to your inbox weekly.
            Sign up for Nature Briefing: Cancer
            
        


    









    [image: ]







[image: ]
