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                    Abstract
Gliomas are the most common and malignant primary brain tumors. They are associated with a poor prognosis despite the availability of multiple therapeutic options. Naringin, a common dietary flavonoid abundantly present in fruits and vegetables, is believed to possess strong anti-proliferative and anti-cancer properties. However, there are no reports describing its effects on the invasion and migration of glioblastoma cell lines. Our results showed that the treatment of U251 glioma cell lines with different concentrations of naringin inhibited the invasion and migration of these cells. In addition, we revealed a decrease in the levels of matrix metalloproteinases (MMP-2) and (MMP-9) expression as well as proteinase activity in U251 glioma cells. In contrast, the expression of tissue inhibitor of metalloproteinases (TIMP-1) and (TIMP-2) was increased. Furthermore, naringin treatment decreased significantly the phosphorylated level of p38. Combined treatment with a p38 inhibitor (SB203580) resulted in the synergistic reduction of MMP-2 and MMP-9 expressions correlated with an increase of TIMP-1 and TIMP-2 expressions and the anti-invasive properties. However, p38 chemical activator (anisomycin) could block these effects produced by naringin, suggesting a direct downregulation of the p38 signaling pathway. These data suggest that naringin may have therapeutic potential for controlling invasiveness of malignant gliomas by inhibiting of p38 signal transduction pathways.
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	p38 MAPKs:
	
                    p38 mitogen-activated protein kinases

                  
	MAPK:
	
                    Mitogen-activated protein kinase

                  
	MMP:
	
                    Matrix metalloproteinase

                  
	NF-κB:
	
                    Nuclear factor-kappa B

                  
	TIMPs:
	
                    Tissue inhibitors of metalloproteinases

                  
	ROS:
	
                    Reactive oxygen species

                  
	JNK:
	
                    c-Jun N-terminal kinase

                  



References
	Meyer MA. Malignant gliomas in adults. N Engl J Med. 2008;359:1850.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Hagemann J, Anacker RI, Ernestus GH. Vince A complete compilation of matrix metalloproteinase expression in human malignant gliomas. World J Clin Oncol. 2012;3:67–79.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Onishi M, Icikawa T, Kurozumi K. Angiogenesis and invasion in glioma. Brain Tumor Pathol. 2011;28:13–24.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Steeg PS. Tumor metastasis: mechanistic insights and clinical challenges. Nat Med. 2006;12:895–904.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wan L, Pantel K, Kang Y. Tumor metastasis: moving new biological insights into the clinic. Nat Med. 2013;19:1450–64.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fridman R, Toth M, Pena D, Mobashery S. Activation of progelatinase B (MMP-9) by gelatinase A (MMP-2). Cancer Res. 1995;55:2548–55.
CAS 
    PubMed 
    
                    Google Scholar 
                

	McCawley LJ, Matrisian LM. Matrix metalloproteinases: multifunctional contributors to tumor progression. Mol Med Today. 2000;6:149–56.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sato H, Seiki M. Regulatory mechanism of 92 kDa type IV collagenase gene expression which is associated with invasiveness of tumor cells. Oncogene. 1993;8:395–405.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Hua H, Li M, Yin Y, Jiang Y. Matrix metalloproteinases in tumorigenesis: an evolving paradigm. Cell Mol Life Sci. 2011;68:3853–68.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Salhia B, Tran NL, Symons MWinkles JA, Rutka JT, Berens ME. Molecular pathways triggering glioma cell invasion. Expert Rev Mol Diagn. 2006;6:613–26.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chang L, Karin M. Mammalian MAP kinase signalling cascades. Nature. 2001;410:37–40.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Woo JS, Kim SM, Jeong CH, Ryu CH, Jeun SS. Lipoxygenase inhibitor MK886 potentiates TRAIL-induced apoptosis through CHOP- and p38 MAPK-mediated up-regulation of death receptor 5 in malignant glioma. Biochem Biophys Res Comm. 2013;431:354–9.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kim SM, Park JG, Baek WK, Suh MH, Lee H. Cadmium specifically induces MKP-1 expression via the glutathione depletion-mediated p38 MAPK activation in C6 glioma cells. Neurosci lett. 2008;440:289–93.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Posser T, de Aguiar CB, Garcez RC, Rossi FM, Oliveira CS, et al. Exposure of C6 glioma cells to Pb(II) increases the phosphorylation of p38(MAPK) and JNK1/2 but not of ERK1/2. Arch Toxicol. 2007;81:407–14.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rose P, Huang Q, Ong CN, Whiteman M. Broccoli and watercress suppress matrix metalloproteinase-9 activity and invasiveness of human MDA-MB-231 breast cancer cells. Toxicol Appl Pharmacol. 2005;209:105–13.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lee WJ, Chen WK, Wang CJ, Lin WL, Tseng TH. Apigenin inhibits HGF-promoted invasive growth and metastasis involving blocking PI3K/Akt pathway and β4 integrin function in MDA-MB-231 breast cancer cells. Toxicol Appl Pharmacol. 2008;226:178–91.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Reuben SC, Gopalan A, Petit DM, Bishayee A. Modulation of angiogenesis by dietary phytoconstituents in the prevention and intervention of breast cancer. Mol Nutr Food Res. 2012;56:14–29.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Pietta PG. Flavonoids as antioxidants. J Nat Prod. 2000;63:1035–42.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jeon SM, Bok SH, Jang MK, Lee MK, Nam KT, Park YB. Antioxidative activity of naringin and lovastatin in high cholesterol-fed rabbits. Life Sci. 2001;69:2855–66.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kim HJ, Song JY, Park HJ, Park HK, Yun DH, Chung JH. Naringin protects against rotenone-induced apoptosis in human neuroblastoma SH-SY5Y cells. Korean J Physiol Pharmacol. 2009;13:281–5.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Esmaeili MA, Alilou M. Naringenin attenuates CCl induced hepatic inflammation by the activation of Nrf2 mediated pathway in rats. Clin Exp Pharmacol Physiol. 2014;41:416–22.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Si K, Shouji A, Tomizawa A, Hiura T, Osanai Y, Ujibe M. Inhibitory effect of naringin on lipopolysaccharide (LPS)-induced endotoxin shock in mice and nitric oxide production in RAW 264.7 macrophages. Life Sci. 2006;78:673–81.
Article 
    CAS 
    
                    Google Scholar 
                

	Chtourou Y, Aouey B, Kebieche M, Fetoui H. Protective role of naringin against cisplatin induced oxidative stress, inflammatory response and apoptosis in rat striatum via suppressing ROS-mediated NF-κB and P53 signaling pathways. Chem Biol Interact. 2015;239:76–86.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chtourou Y, Gargouri B, Kebieche M, Fetoui H. Naringin abrogates cisplatin-induced cognitive deficits and cholinergic dysfunction through the down-regulation of AChE expression and iNOS signaling pathways in hippocampus of aged rats. J Mol Neurosci. 2015;56:349–62.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	So FV, Guthrie N, Chambers AF, Moussa M, Carroll KK. Inhibition of human breast cancer cell proliferation and delay of mammary tumorigenesis by flavonoids and citrus juices. Nutr Cancer. 1996;26:167–81.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Le Marchand L, Murphy SP, Hankin JH, Wilkens LR, Kolonel LN. Intake of flavonoids and lung cancer. J Nat Cancer Inst. 2000;92:154–60.
Article 
    PubMed 
    
                    Google Scholar 
                

	Cochaud S, Meunier AC, Monvoisin A, Bensalma S, Muller JM, Chadéneau C. Neuropeptides of the VIP family inhibit glioblastoma cell invasion. J Neurooncol. 2015;122:63–73.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chen YY, Chou PY, Chien YC, Wu CH, Wu TS, Sheu MJ. Ethanol extracts of fruiting bodies of Antrodia cinnamomea exhibit anti-migration action in human adenocarcinoma CL1-0 cells through the MAPK and PI3K/AKT signaling pathways. Phytomedicine. 2012;19:768–78.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chen YY, Liu LF, Chou PY, Chien YC, Chang WS, Huang GJ, Wu CH, Sheu MJ. Ethanol extracts of fruiting bodies of Antrodia cinnamomea suppress CL1-5 human lung adenocarcinoma cells migration by inhibiting matrix metalloproteinase-2/9 through ERK, JNK, p38, and PI3K/Akt signaling pathways. Evid Based Complement Alternat Med. 2012.

	Lee M-M, Chen Y-Y, Liu P-Y, Hsu S, Sheu M-J. Pipoxolan inhibits CL1–5 lung cancer cells migration and invasion through inhibition of MMP-9 and MMP-2. Chem Biol Interact. 2015;236:19–30.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ulrich R, Gerhauser I, Seeliger F, Baumgartner W, Alldinger S. Matrix metalloproteinases and their inhibitors in the developing mouse brain and spinal cord: a reverse transcription quantitative polymerase chain reaction study. Dev Neurosci. 2005;27:408–18.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhao BQ, Wang S, Kim HY, Storrie H, Rosen BR, Mooney DJ, et al. Role of matrix metalloproteinases in delayed cortical responses after stroke. Nat Med. 2006;12:441–5.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wisniewski P, Ellert-Miklaszewska A, Kwiatkowska A, Kaminska B. Nonapoptotic Fas signaling regulates invasiveness of glioma cells and modulates MMP-2 activity via NFkappaB-TIMP-2 pathway. Cell Signal. 2010;22:212–20.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sun C, Wang Q, Zhou H, Yu S, Simard AR. Antisense MMP-9 RNA inhibits malignant glioma cell growth in vitro and in vivo. Neurosci Bull. 2013;29:83–93.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wei Z, Liu HT. MAPK signal pathways in the regulation of cell proliferation in mammalian cells. Cell Res. 2002;12:9–18.
Article 
    
                    Google Scholar 
                

	Demuth T, Reavie LB, Rennert JL, Nakada M, Nakada S. MAP-ing glioma invasion: mitogen-activated protein kinase kinase 3 and p38 drive glioma invasion and progression and predict patient survival. Mol Cancer Ther. 2007;6:1212–22.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wu Y, Zhu L, Liu L, Zhang J, Peng B. Interleukin-17A increases cell migration and MMP-1 expression in human periodontal ligament fibroblasts via p38 MAPK/NF-kappaB-dependent pathway. J Cell Physiol. 2014;229:292–9.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sarkar FH, Li YW. Targeting multiple signal pathways by chemopreventive agents for cancer prevention and therapy. Acta Pharmacol Sin. 2007;28:1305–15.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Weng CJ, Yen GC. Chemopreventive effects of dietary phytochemicals against cancer invasion and metastasis: phenolic acids, monophenol, polyphenol, and their derivatives. Cancer Treat Rev. 2012;38:76–87.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fang S, Jin X, Wang R, Li Y, Guo W, et al. Polymorphisms in the MMP1 and MMP3 promoter and non-small cell lung carcinoma in North China. Carcinogenesis. 2005;26:481–6.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Li M, Xiao T, Zhang Y, Feng L, Lin D, et al. Prognostic significance of matrix metalloproteinase-1 levels in peripheral plasma and tumour tissues of lung cancer patients. Lung Cancer. 2010;69:341–7.
Article 
    PubMed 
    
                    Google Scholar 
                

	Douglas DA, Shi YE, Sang QA. Computational sequence analysis of the tissue inhibitor of metalloproteinase family. J Protein Chem. 1997;16:237–55.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Deryugina EI, Quigley JP. Matrix metalloproteinases and tumor metastasis. Cancer Metastasis Rev. 2006;25:9–34.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Reddy KB, Nabha SM, Atanaskova N. Role of MAP kinase in tumor progression and invasion. Cancer Metastasis Rev. 2003;322:395–403.
Article 
    
                    Google Scholar 
                

	Wang ZS, Luo P, Dai SH, Liu ZB, Zheng XR. Salvianolic acid B induces apoptosis in human glioma U87 cells through p38-mediated ROS generation. Cell Mol Neurobiol. 2013;33:921–8.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Loesch M, Zhi HY, Hou SW, Qi XM, Li RS, Basir Z, et al. MAPK cooperates with c-Jun in trans-activating matrix metalloproteinase 9. J Biol Chem. 2010;285:15149–58.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Kumar KS, Petersen BJ, Khandrika L, Hwa JS, Meacham RB, Wilson S, et al. p38 mitogen-activated protein kinase-driven MAPKAPK2 regulates invasion of bladder cancer by modulation of MMP-2 and MMP-9 activity. Cancer Res. 2010;70:832–41.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wagner EF, Nebreda AR. Signal integration by JNK and p38 MAPK pathways in cancer development. Nat Rev Cancer. 2009;9:537–49.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
The present work was supported by the grants of DGRST (Appui a la Recherche Universitaire de base, ARUB, UR11ES70, and UR12ES08), Tunisia.


Author information
Authors and Affiliations
	Laboratory of Biochemistry, Molecular Mechanisms and Diseases Research Unit, UR12ES08, Faculty of Medicine, University of Monastir, BP 5019, 5000, Monsatir, Tunisia
Sonia Aroui & Abderraouf Kenani

	ERL CNRS/University of Poitiers n°7368, Georges Bonnet Street N°1, TSA 51106, 86073, Poitiers Cedex 9, France
Feten Najlaoui & Annie-Claire Meunier

	Laboratory of Toxicology-Microbiology and Environmental Health, UR11ES70, Sciences Faculty of Sfax, University of Sfax, BP1171, 3000, Sfax, Tunisia
Yassine Chtourou & Hamadi Fetoui

	Laboratory of Venins and Therapeutic Biomolecules, Institute Pasteur of Tunis, LR11IPT08, 13, 1002, Tunis, Tunisia
Amel Laajimi


Authors	Sonia ArouiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Feten NajlaouiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yassine ChtourouView author publications
You can also search for this author in
                        PubMed Google Scholar



	Annie-Claire MeunierView author publications
You can also search for this author in
                        PubMed Google Scholar



	Amel LaajimiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Abderraouf KenaniView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hamadi FetouiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Sonia Aroui.


Ethics declarations

              
              
                Conflicts of interest

                None

              
            

Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Aroui, S., Najlaoui, F., Chtourou, Y. et al. Naringin inhibits the invasion and migration of human glioblastoma cell via downregulation of MMP-2 and MMP-9 expression and inactivation of p38 signaling pathway.
                    Tumor Biol. 37, 3831–3839 (2016). https://doi.org/10.1007/s13277-015-4230-4
Download citation
	Received: 07 August 2015

	Accepted: 12 October 2015

	Published: 16 October 2015

	Issue Date: March 2016

	DOI: https://doi.org/10.1007/s13277-015-4230-4


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
                        


Keywords
	Naringin
	Glioblastoma
	Invasion
	Migration
	Matrix metalloproteinases
	Signaling pathways








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.224.52.210
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    