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            Abstract
Vaults are ribonucleoprotein particles found in the cytoplasm of eucaryotic cells. The 13â€‰MDa particles are composed of multiple copies of three proteins: an Mr 100â€‰000 major vault protein (MVP) and two minor vault proteins of Mr 193â€‰000 (vault poly-(ADP-ribose) polymerase) and Mr 240â€‰000 (telomerase-associated protein 1), as well as small untranslated RNA molecules of approximately 100 bases. Although the existence of vaults was first reported in the mid-1980s no function has yet been attributed to this organelle. The notion that vaults might play a role in drug resistance was suggested by the molecular identification of the lung resistance-related (LRP) protein as the human MVP. MVP/LRP was found to be overexpressed in many chemoresistant cancer cell lines and primary tumor samples of different histogenetic origin. Several, but not all, clinico-pathological studies showed that MVP expression at diagnosis was an independent adverse prognostic factor for response to chemotherapy. The hollow barrel-shaped structure of the vault complex and its subcellular localization indicate a function in intracellular transport. It was therefore postulated that vaults contributed to drug resistance by transporting drugs away from their intracellular targets and/or the sequestration of drugs. Here, we review the current knowledge on the vault complex and critically discuss the evidence that links vaults to drug resistance.




            
                
                    

    
        
            
                
                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: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Targeting non-coding RNAs to overcome cancer therapy resistance
                                        
                                    

                                    
                                        Article
                                         Open access
                                         13 April 2022
                                    

                                

                                BaoQing Chen, Mihnea P. Dragomir, â€¦ George A. Calin

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Roles of exosomal circRNAs in tumour immunity and cancer progression
                                        
                                    

                                    
                                        Article
                                         Open access
                                         09 June 2022
                                    

                                

                                Baojing Tuo, Zhuang Chen, â€¦ Zhenqiang Sun

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Molecular functions and therapeutic applications of exosomal noncoding RNAs in cancer
                                        
                                    

                                    
                                        Article
                                         Open access
                                         29 March 2022
                                    

                                

                                Qin-Wen Liu, Yan He & Wen Wen Xu

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Abbreviations
	MVP:
	
                    major vault protein

                  
	TEP1:
	
                    telomerase-associated protein

                  
	VPARP:
	
                    vault poly-(ADP-ribose) polymerase

                  
	vRNA:
	
                    vault RNA

                  
	LRP:
	
                    lung resistance-related protein

                  
	P-gp:
	
                    P-glycoprotein

                  
	MRP1:
	
                    multidrug-resistance-related protein

                  
	BCRP:
	
                    breast cancer resistance protein

                  



References
	Abbondanza C, Rossi V, Roscigno A, Gallo L, Belsito A, Piluso G, Medici N, Nigro V, Molinari AM, Moncharmont B and Puca GA . (1998). J. Cell Biol., 141, 1301â€“1310.

	Arts HJ, Katsaros D, de Vries EG, Massobrio M, Genta F, Danese S, Arisio R, Scheper RJ, Kool M, Scheffer GL, Willemse PH, van der Zee AG and Suurmeijer AJ . (1999). Clin. Cancer Res., 5, 2798â€“2805.

	Beattie TL, Zhou W, Robinson MO and Harrington L . (1998). Curr. Biol., 8, 177â€“180.

	Berger W, Elbling L and Micksche M . (2000). Int. J. Cancer, 88, 293â€“300.

	Borg AG, Burgess R, Green LM, Scheper RJ and Yin JA . (1998). Br. J. Haematol., 103, 1083â€“1091.

	Cheng SH, Lam W, Lee AS, Fung KP, Wu RS and Fong WF . (2000). Toxicol. Appl. Pharmacol., 164, 134â€“142.

	Chugani DC, Rome LH and Kedersha NL . (1993). J. Cell Sci., 106, 23â€“29.

	Damiani D, Michieli M, Ermacora A, Candoni A, Raspadori D, Geromin A, Stocchi R, Grimaz S, Masolini P, Michelutti A, Scheper RJ and Baccarani M . (1998). Haematologica, 83, 290â€“297.

	den Boer ML, Pieters R, Kazemier KM, Janka-Schaub GE, Henze G and Veerman AJ . (1999). Leukemia, 13, 2023â€“2030.

	den Boer ML, Pieters R, Kazemier KM, Rottier MM, Zwaan CM, Kaspers GJ, Janka-Schaub G, Henze G, Creutzig U, Scheper RJ and Veerman AJ . (1998). Blood, 91, 2092â€“2098.

	Dingemans AM, van Ark-Otte J, van der Valk P, Apolinario RM, Scheper RJ, Postmus PE and Giaccone G . (1996). Ann. Oncol., 7, 625â€“630.

	Filipits M, Drach J, Pohl G, Schuster J, Stranzl T, Ackermann J, Konigsberg R, Kaufmann H, Gisslinger H, Huber H, Ludwig H and Pirker R . (1999). Clin. Cancer Res., 5, 2426â€“2430.

	Filipits M, Pohl G, Stranzl T, Suchomel RW, Scheper RJ, Jager U, Geissler K, Lechner K and Pirker R . (1998). Blood, 91, 1508â€“1513.

	Filipits M, Stranzl T, Pohl G, Heinzl H, JÃ¤ger U, Geissler K, Fonatsch C, Haas OA, Lechner K and Pirker R . (2000). Leukemia, 14, 68â€“76.

	Goasguen JE, Lamy T, Bergeron C, Ly Sunaram B, Mordelet E, Gorre G, Dossot JM, Le Gall E, Grosbois B, Le Prise PY and Fauchet R . (1996). Leukemia Lymphoma, 23, 567â€“576.

	Hamill DR and Suprenant KA . (1997). Dev. Biol., 190, 117â€“128.

	Harrington L, McPhail T, Mar V, Zhou W, Oulton R, Bass MB, Arruda I and Robinson MO . (1997). Science, 275, 973â€“977.

	Hart SM, Ganeshaguru K, Scheper RJ, Prentice HG, Hoffbrand AV and Mehta AB . (1997). Exp. Hematol., 25, 1227â€“1232.

	Herrmann C, Golkaramnay E, Inman E, Rome L and Volknandt W . (1999). J. Cell Biol., 144, 1163â€“1172.

	Hu Y, Stephen AG, Cao J, Tanzer LR, Slapak CA, Harrison SD, Devanarayan V, Dantzig AH, Starling JJ, Rome LH and Moore RE . (2002). Int. J. Cancer, 97, 149â€“156.

	Izquierdo MA, Scheffer GL, Flens MJ, Giaccone G, Broxterman HJ, Meijer CJ, van der Valk P and Scheper RJ . (1996a). Am. J. Pathol., 148, 877â€“887.

	Izquierdo MA, Shoemaker RH, Flens MJ, Scheffer GL, Wu L, Prather TR and Scheper RJ . (1996b). Int. J. Cancer, 65, 230â€“237.

	Izquierdo MA, van der Zee AG, Vermorken JB, van der Valk P, Belien JA, Giaccone G, Scheffer GL, Flens MJ, Pinedo HM, Kenemans P, Meijer CJ, de Vries EG and Scheper RJ . (1995). J. Natl. Cancer Inst., 87, 1230â€“1237.

	Johansson M . (1999). Genomics, 57, 442â€“445.

	Kakihara T, Tanaka A, Watanabe A, Yamamoto K, Kanto K, Kataoka S, Ogawa A, Asami K and Uchiyama M . (1999). Pediatr. Int., 41, 641â€“647.

	Kedersha NL, Heuser JE, Chugani DC and Rome LH . (1991). J. Cell Biol., 112, 225â€“235.

	Kedersha NL, Miquel MC, Bittner D and Rome LH . (1990). J. Cell Biol., 110, 895â€“901.

	Kedersha NL and Rome LH . (1986). J. Cell Biol., 103, 699â€“709.

	Kedersha NL and Rome LH . (1990). Mol. Biol. Rep., 14, 121â€“122.

	Kickhoefer VA, Liu Y, Kong LB, Snow BE, Stewart PL, Harrington L and Rome LH . (2001). J. Cell Biol., 152, 157â€“164.

	Kickhoefer VA, Rajavel KS, Scheffer GL, Dalton WS, Scheper RJ and Rome LH . (1998). J. Biol. Chem., 273, 8971â€“8974.

	Kickhoefer VA, Searles RP, Kedersha NL, Garber ME, Johnson DL and Rome LH . (1993). J. Biol. Chem., 268, 7868â€“7873.

	Kickhoefer VA, Siva AC, Kedersha NL, Inman EM, Ruland C, Streuli M and Rome LH . (1999a). J. Cell Biol., 146, 917â€“928.

	Kickhoefer VA, Stephen AG, Harrington L, Robinson MO and Rome LH . (1999b). J. Biol. Chem., 274, 32712â€“32717.

	Kickhoefer VA, Vasu SK and Rome LH . (1996). Trends Cell Biol., 6, 174â€“178.

	Kitazono M, Okumura H, Ikeda R, Sumizawa T, Furukawa T, Nagayama S, Seto K, Aikou T and Akiyama S . (2001). Int. J. Cancer, 91, 126â€“131.

	Kitazono M, Sumizawa T, Takebayashi Y, Chen ZS, Furukawa T, Nagayama S, Tani A, Takao S, Aikou T and Akiyama S . (1999). J. Natl. Cancer Inst., 91, 1647â€“1653.

	Komarov PG, Shtil AA, Holian O, Tee L, Buckingham L, Mechetner EB, Roninson IB and Coon JS . (1998). Oncol. Res., 10, 185â€“192.

	Kong LB, Siva AC, Kickhoefer VA, Rome LH and Stewart PL . (2000). RNA, 6, 890â€“900.

	Kong LB, Siva AC, Rome LH and Stewart PL . (1999). Struct. Fold Des., 7, 371â€“379.

	Lange C, Walther W, Schwabe H and Stein U . (2000). Biochem. Biophys. Res. Commun., 278, 125â€“133.

	LaurenÃ§ot CM, Scheffer GL, Scheper RJ and Shoemaker RH . (1997). Int. J. Cancer, 72, 1021â€“1026.

	Legrand O, Simonin G, Zittoun R and Marie JP . (1998). Leukemia, 12, 1367â€“1374.

	Leith CP, Kopecky KJ, Chen IM, Eijdems L, Slovak ML, McConnell TS, Head DR, Weick J, Grever MR, Appelbaum FR and Willman CL . (1999). Blood, 94, 1086â€“1099.

	Li JY, Volknandt W, Dahlstrom A, Herrmann C, Blasi J, Das B and Zimmermann H . (1999). Neuroscience, 91, 1055â€“1065.

	Linn SC, Pinedo HM, van Ark-Otte J, van der Valk P, Hoekman K, Honkoop AH, Vermorken JB and Giaccone G . (1997). Int. J. Cancer, 71, 787â€“795.

	List AF, Spier CS, Grogan TM, Johnson C, Roe DJ, Greer JP, Wolff SN, Broxterman HJ, Scheffer GL, Scheper RJ and Dalton WS . (1996). Blood, 87, 2464â€“2469.

	Liu Y, Snow BE, Hande MP, Baerlocher G, Kickhoefer VA, Yeung D, Wakeham A, Itie A, Siderovski DP, Lansdorp PM, Robinson MO and Harrington L . (2000). Mol. Cell. Biol., 20, 8178â€“8184.

	Ma Q, Baldwin KT, Renzelli AJ, McDaniel A and Dong L . (2001). Biochem. Biophys. Res. Commun., 289, 499â€“506.

	Masson M, Niedergang C, Schreiber V, Muller S, Menissier-de Murcia J and de Murcia G . (1998). Mol. Cell. Biol., 18, 3563â€“3571.

	Meijer GA, Schroeijers AB, Flens MJ, Meuwissen SG, van der Valk P, Baak JP and Scheper RJ . (1999). J. Clin. Pathol., 52, 450â€“454.

	Michieli M, Damiani D, Ermacora A, Masolini P, Raspadori D, Visani G, Scheper RJ and Baccarani M . (1999). Br. J. Haematol., 104, 328â€“335.

	Michieli M, Damiani D, Ermacora A, Raspadori D, Michelutti A, Grimaz S, Fanin R, Russo D, Lauria F, Masolini P and Baccarani M . (1997). Br. J. Haematol., 96, 356â€“365.

	Moran E, Cleary I, Larkin AM, Amhlaoibh RN, Masterson A, Scheper RJ, Izquierdo MA, Center M, O'Sullivan F and Clynes M . (1997). Eur. J. Cancer, 33, 652â€“660.

	Mossink MH, van Zon A, FrÃ¤nzel-Luiten E, Schoester M, Kickhoefer VA, Scheffer GL, Scheper RJ, Sonneveld P and Wiemer EAC . (2002b). Cancer Res., 62, 7298â€“7304.

	Mossink MH, van Zon A, FrÃ¤nzel-Luiten E, Schoester M, Scheffer GL, Scheper RJ, Sonneveld P and Wiemer EAC . (2002a). Gene, 294, 225â€“232.

	Ogretmen B, Barredo JC and Safa AR . (2000). J. Pediatr. Hematol. Oncol., 22, 45â€“49.

	Ohno N, Tani A, Uozumi K, Hanada S, Furukawa T, Akiba S, Sumizawa T, Utsunomiya A, Arima T and Akiyama S . (2001). Blood, 98, 1160â€“1165.

	Oliver FJ, Menissier-de Murcia J and de Murcia G . (1999). Am. J. Hum. Genet., 64, 1282â€“1288.

	Pallis M, Turzanski J, Harrison G, Wheatley K, Langabeer S, Burnett AK and Russell NH . (1999). Br. J. Haematol., 104, 307â€“312.

	Pohl G, Filipits M, Suchomel RW, Stranzl T, Depisch D and Pirker R . (1999). Anticancer Res., 19, 5051â€“5055.

	Raaijmakers HG, Izquierdo MA, Lokhorst HM, de Leeuw C, Belien JA, Bloem AC, Dekker AW, Scheper RJ and Sonneveld P . (1998). Blood, 91, 1029â€“1036.

	Ramani P and Dewchand H . (1995). J. Pathol., 175, 13â€“22.

	Rimsza LM, Campbell K, Dalton WS, Salmon S, Willcox G and Grogan TM . (1999). Leukemia Lymphoma, 34, 315â€“324.

	Rome LH, Kedersha NL and Chugani DC . (1991). Trends Cell Biol., 1, 47â€“50.

	Sbodio JI, Lodish HF and Chi NW . (2002). Biochem. J., 361, 451â€“459.

	Schadendorf D, Makki A, Stahr C, van Dyck A, Wanner R, Scheffer GL, Flens MJ, Scheper R and Henz BM . (1995). Am. J. Pathol., 147, 1545â€“1552.

	Scheffer GL, Wijngaard PL, Flens MJ, Izquierdo MA, Slovak ML, Pinedo HM, Meijer CJ, Clevers HC and Scheper RJ . (1995). Nat. Med., 1, 578â€“582.

	Scheper RJ, Broxterman HJ, Scheffer GL, Kaaijk P, Dalton WS, van Heijningen TH, van Kalken CK, Slovak ML, de Vries EG, van der Valk P, Meijer CJ and Pinedo HM . (1993). Cancer Res., 53, 1475â€“1479.

	Schreiber V, Ame JC, Dolle P, Schultz I, Rinaldi B, Fraulob V, Menissier-De Murcia J and de Murcia G . (2002). J. Biol. Chem., 277, 23028â€“23036.

	Schroeijers AB, Reurs AW, Scheffer GL, Stam AG, de Jong MC, Rustemeyer T, Wiemer EA, de Gruijl TD and Scheper RJ . (2002). J. Immunol., 168, 1572â€“1578.

	Schroeijers AB, Siva AC, Scheffer GL, de Jong MC, Bolick SC, Dukers DF, Slootstra JW, Meloen RH, Wiemer E, Kickhoefer VA, Rome LH and Scheper RJ . (2000). Cancer Res., 60, 1104â€“1110.

	Shall S . (2002). BioEssays, 24, 197â€“201.

	Siva AC, Raval-Fernandes S, Stephen AG, LaFemina MJ, Scheper RJ, Kickhoefer VA and Rome LH . (2001). Int. J. Cancer, 92, 195â€“202.

	Smith S . (2001). Trends Biochem. Sci., 26, 174â€“179.

	Smith S, Giriat I, Schmitt A and de Lange T . (1998). Science, 282, 1484â€“1487.

	Stephen AG, Raval-Fernandes S, Huynh T, Torres M, Kickhoefer VA and Rome LH . (2001). J. Biol. Chem., 276, 23217â€“23220.

	Stoffler D, Goldie KN, Feja B and Aebi U . (1999). J. Mol. Biol., 287, 741â€“752.

	Uozaki H, Horiuchi H, Ishida T, Iijima T, Imamura T and Machinami R . (1997). Cancer, 79, 2336â€“2344.

	Van Den Heuvel-Eibrink MM, Wiemer EA, Prins A, Meijerink JP, Vossebeld PJ, Van Der Holt B, Pieters R and Sonneveld P . (2002). Leukemia, 16, 833â€“839.

	van der Pol JP, Blom DJ, Flens MJ, Luyten GP, de Waard-Siebinga I, Koornneef L, Scheper RJ and Jager MJ . (1997). Invest. Ophthalmol. Vis. Sci., 38, 2523â€“2530.

	van Zon A, Mossink MH, Schoester M, Scheffer GL, Scheper RJ, Sonneveld P and Wiemer EA . (2001). J. Biol. Chem., 276, 37715â€“37721.

	van Zon A, Mossink MH, Schoester M, Scheffer GL, Scheper RJ, Sonneveld P and Wiemer EA . (2002). Biochem. Biophys. Res. Commun., 291, 535â€“541.

	Vasu SK, Kedersha NL and Rome LH . (1993). J. Biol. Chem., 268, 15356â€“15360.

	Vasu SK and Rome LH . (1995). J. Biol. Chem., 270, 16588â€“16594.

	Verovski VN, Van den Berge DL, Delvaeye MM, Scheper RJ, De Neve WJ and Storme GA . (1996). Br. J. Cancer, 73, 596â€“602.

	Versantvoort CH, Withoff S, Broxterman HJ, Kuiper CM, Scheper RJ, Mulder NH and de Vries EG . (1995). Int. J. Cancer, 61, 375â€“380.

	Volm M, Mattern J and Koomagi R . (1997b). Anticancer Drugs, 8, 931â€“936.

	Volm M, Stammler G, Zintl F, Koomagi R and Sauerbrey A . (1997a). Anticancer Drugs, 8, 662â€“665.

	Weinrich SL, Pruzan R, Ma L, Ouellette M, Tesmer VM, Holt SE, Bodnar AG, Lichtsteiner S, Kim NW, Trager JB, Taylor RD, Carlos R, Andrews WH, Wright WE, Shay JW, Harley CB and Morin GB . (1997). Nat. Genet., 17, 498â€“502.

	Wyler B, Shao Y, Schneider E, Cianfriglia M, Scheper RJ, Frey BM, Gieseler F, Schmid L, Twentyman PR and Lehnert M . (1997). Br. J. Haematol., 97, 65â€“75.

	Xu D, Arestrom I, Virtala R, Pisa P, Peterson C and Gruber A . (1999). Br. J. Haematol., 106, 627â€“633.

	Yu Z, Fotouhi-Ardakani N, Wu L, Maoui M, Wang S, Banville D and Shen S-H . (2002). J. Biol. Chem., 277, 40247â€“40252.


Download references




Acknowledgements
We thank Erna FrÃ¤nzel-Luiten, Martijn Schoester and George Scheffer for helpful discussions during the preparation of this manuscript. This work was supported by a grant from the Dutch Cancer Society, # EUR 98-1754.


Author information
Authors and Affiliations
	Department of Hematology, Erasmus Medical Center, PO Box 1738, Rotterdam, 3000 DR, The Netherlands
Marieke H Mossink,Â Arend van Zon,Â Pieter SonneveldÂ &Â Erik AC Wiemer

	Department of Pathology, Free University Medical Center, Amsterdam, The Netherlands
Rik J Scheper


Authors	Marieke H MossinkView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Arend van ZonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Rik J ScheperView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Pieter SonneveldView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Erik AC WiemerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Erik AC Wiemer.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Mossink, M., van Zon, A., Scheper, R. et al. Vaults: a ribonucleoprotein particle involved in drug resistance?.
                    Oncogene 22, 7458â€“7467 (2003). https://doi.org/10.1038/sj.onc.1206947
Download citation
	Published: 23 October 2003

	Issue Date: 20 October 2003

	DOI: https://doi.org/10.1038/sj.onc.1206947


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
	vault complex
	multidrug resistance
	LRP
	MVP







            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Nuclear import of PTPN18 inhibits breast cancer metastasis mediated by MVP and importin Î²2
                                    
                                

                            
                                
                                    	Tao Wang
	Xinlei Ba
	Bing Wang


                                
                                Cell Death & Disease (2022)

                            
	
                            
                                
                                    
                                        Pediatric T-ALL type-1 and type-2 relapses develop along distinct pathways of clonal evolution
                                    
                                

                            
                                
                                    	Paulina Richter-PechaÅ„ska
	Joachim B. Kunz
	Andreas E. Kulozik


                                
                                Leukemia (2022)

                            
	
                            
                                
                                    
                                        Vault RNAs: hidden gems in RNA and protein regulation
                                    
                                

                            
                                
                                    	Jens Claus Hahne
	Andrea Lampis
	Nicola Valeri


                                
                                Cellular and Molecular Life Sciences (2021)

                            
	
                            
                                
                                    
                                        Adipocytes promote breast cancer resistance to chemotherapy, a process amplified by obesity: role of the major vault proteinÂ (MVP)
                                    
                                

                            
                                
                                    	Camille LehuÃ©dÃ©
	Xia Li
	Catherine Muller


                                
                                Breast Cancer Research (2019)

                            
	
                            
                                
                                    
                                        MVP-mediated exosomal sorting of miR-193a promotes colon cancer progression
                                    
                                

                            
                                
                                    	Yun Teng
	Yi Ren
	Huang-Ge Zhang


                                
                                Nature Communications (2017)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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: ]
