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            Abstract
We have cloned, sequenced, and characterized the RNA expression properties of a fish CDKN2 gene from Xiphophorus helleri and X. maculatus. This gene, termed CDKN2X, shows a high degree of amino acid sequence similarity to members of the mammalian CDKN2 gene family, which includes the tumor suppressor loci CDKN2A (P16) and CDKN2B (P15). Comparative sequence analysis suggests that fish CDKN2X is similarly related to all four mammalian gene family members, and may represent a descendant of an ancestral prototypic CDKN2 gene. CDKN2X was mapped to a region on autosomal Xiphophorus linkage group V (LG V) known to contain the DIFF gene that acts as a tumor suppressor of melanoma formation in X. helleri/X. maculatus backcross hybrids. Thus, CDKN2X may be a candidate for the tumor suppressor DIFF gene. Here we have sequenced CDKN2X in both Xiphophorus species and have characterized its expression in normal and melanotic tissues within control and backcross hybrid fish. A simultaneous expressional analysis of the Xmrk-2 tyrosine kinase receptor gene, which is strongly implicated in melanomagenesis in this system, was also performed. RTâ€‰â€“â€‰PCR analyses revealed that both genes were highly expressed in melanomas. For CDKN2X, this result contrasts numerous findings in human tumors including human melanoma in which either CDKN2A (P16) deactivation or LOH was observed.




            
                
                    

    
        
            
                
                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: ]

                                
                                
                                    
                                        Lampreys, the jawless vertebrates, contain three Pax6 genes with distinct expression in eye, brain and pancreas
                                        
                                    

                                    
                                        Article
                                         Open access
                                         20 December 2019
                                    

                                

                                Vydianathan Ravi, Shipra Bhatia, â€¦ Dirk A. Kleinjan

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Jellyfish genomes reveal distinct homeobox gene clusters and conservation of small RNA processing
                                        
                                    

                                    
                                        Article
                                         Open access
                                         19 June 2020
                                    

                                

                                Wenyan Nong, Jianquan Cao, â€¦ Jerome H. L. Hui

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Independent duplications of the Golgi phosphoprotein 3 oncogene in birds
                                        
                                    

                                    
                                        Article
                                         Open access
                                         14 June 2021
                                    

                                

                                Juan C. Opazo, Michael W. Vandewege, â€¦ Gonzalo A. Mardones

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Adam D, Dimitrijevic N and Schartl M. . 1993 Science 259: 816â€“819.

	Adam D, Mauler W and Schartl M. . 1991 Oncogene 6: 73â€“80.

	Ahuja MR, Schwab M and Anders F. . 1980 J. Heredit. 71: 403â€“407.

	Anders F. . 1967 Experientia 23: 1â€“10.

	Anders F. . 1991 Pigment Cell. Res. 3: 7â€“29.

	Asamoto M, Hori T, Baba-Toriyama H, Sano M, Takahashi S, Tsuda H and Shirai T. . 1998 Cancer Lett. 127: 9â€“13.

	Baudler M, Duschl J, Winkler C, Shartl M and Altschmied J. . 1997 J. Biol. Chem. 272: 131â€“137.

	Bentley NJ, Eisen T and Goding CR. . 1994 Mol. Cell. Biol. 14: 7996â€“8006.

	Chan FKM, Zhang J, Cheng L, Shapiro DN and Winoto A. . 1995 Mol. Cell. Biol. 15: 2682â€“2688.

	Chin L, Pomerantz J, Polsky D, Jacobson M, Cohen C, Cordon-Cardo C, Horner JWI and DePinho RA. . 1997 Genes Dev., 2 2822â€“2834.

	Clarke E. . 1950 Science 112: 722â€“723.

	Davies RL, Grosse VA, Kucherlapati R and Bothwell M. . 1980 Proc. Natl. Acad. Sci. USA 77: 4188â€“4192.

	Dayhoff MO and Orcutt BC. . 1979 Proc. Natl. Acad. Sci. USA 76: 2170â€“2174.

	de Wit PE, Moretti S, Koenders PG, Weterman MA, van Muijen GN, Gianotti B and Ruiter DJ. . 1992 J. Invest. Dermatol. 99: 168â€“173.

	Dimitrijevic N, Winkler C, Wellbrock C, Gomez A, Duschl J, Altschmied J and Schartl M. . 1998 Oncogene 16: 1681â€“1690.

	Don R, Cox P, Wainwright B, Baker K and Mattick J. . 1991 Nucleic Acids Res. 19: 5081.

	Dracopoli NC and Fountain JW. . 1996 Cancer Surv. 26: 115â€“132.

	Emig R, Magener A, Ehemann V, Meyer A, Stilgenbauer F, Volkmann M, Wallwiener D and Sinn HP. . 1998 Br. J. Cancer 78: 1661â€“1668.

	Felsenstein J. . 1989 Cladistics 5: 164â€“166.

	Frohman MA, Dush MK and Martin GR. . 1988 Proc. Natl. Acad. Sci. USA 85: 8998â€“9002.

	Gonzalez-Zulueta M, Bender CM, Yang AS, Nguyen T, Beart RW, Tornout JMV and Jones PA. . 1995 Cancer Res. 55: 4531â€“4535.

	Gordon M. . 1931 Am. J. Cancer 15: 1495â€“1523.

	Gordon K-L, Jenkins CW, Li Y, Nichols MA, Wu X, O'Keefe CL, Matera AG and Xiong Y. . 1994 Genes and Dev. 8: 2939â€“2952.

	Hannon GJ and Beach D. . 1994 Nature 371: 257â€“261.

	Hara E, Smith R, Parry D, Tahara H, Stone S and Peters G. . 1996 Mol. Cell. Biol. 16: 859â€“867.

	Haussler G. . 1928 Klin. Wochenschrift 7: 1561â€“1652.

	Herlyn M. . 1990 Cancer Metast. Rev. 9: 101â€“112.

	Herman JG, Merlo A, Mao L, Lapidus RG, Issa J-PJ and Davidson NE. . 1995 Cancer Res. 55: 4525â€“4530.

	Herrera RJ. . 1979 Biochem. Genet. 17: 223â€“227.

	Hirai H, Roussel MF, Kato J-Y, Ashmun RA and Sherr CJ. . 1995 Mol. Cell. Biol. 15: 2672â€“2681.

	Huang TS, Rauth S and Das Gupta TK. . 1996 Anticancer Res. 16: 3557â€“3563.

	Iwamoto T, Takahashi M, Ito M, Hamatani K, Ohbayashi M, Waijwalku W, Isobe, K-i and Nakashima I. . 1991 EMBO J. 10: 3167â€“3175.

	Iwamoto T, Takahashi M, Ohbayashi M and Nakashima I. . 1992 Exp. Cell Res. 200: 410â€“415.

	Jen J, Harper JW, Bigner SH, Bigner DD, Papadopoulos N, Markowitz S, Willson JK, Kinzler KW and Vogelstein B. . 1994 Cancer Res. 54: 6353â€“6358.

	Jiang P, Stone S, Wagner R, Wang S, Dayananth P, Kozak CA, Wold B and Kamb A. . 1995 J. Mol. Evol. 41: 795â€“802.

	Kalus W, Baumgartner R, Renner C, Noegel A, Chan FK, Winoto A and Holak TA. . 1997 FEBS Lett. 401: 127â€“132.

	Kamb A, Gruis NA, Weaver-Feldhaus J, Liu Q, Harshman K, Tavtigian SV, Stockert E, Day III RS, Johnson BE and Skolnick MH. . 1994 Science 264: 436â€“440.

	Kazianis S, Gan L, Della Coletta L, Santi B, Morizot D and Nairn R. . 1998a Gene 212: 31â€“38.

	Kazianis S, Gutbrod H, Nairn R, McEntire B, Della Coletta L, Walter R, Borowsky R, Woodhead A, Setlow R, Schartl M and Morizot D. . 1998b Genes Chromosomes Cancer 22: 210â€“220.

	Kazianis S, Morizot DC, McEntire BB, Nairn RS and Borowsky RL. . 1996 Genome Res. 6: 280â€“289.

	Kosswig C. . 1927 Zeitschrift fur induktive Abstammungs- und Vererbungslehre 44: 253.

	Kraehn GM, Schartl M and Peter RU. . 1995 Cancer 75: 1228â€“1237.

	Li J-M, Nichols MA, Chandrasekharan S, Xiong Y and Wang X-F. . 1995 J. Biol. Chem. 270: 26750â€“26753.

	Linardopoulos S, Street AJ, Quelle DE, Parry D, Peters G, Sherr CJ and Balmain A. . 1995 Cancer Res. 55: 5168â€“5172.

	Luh FY, Archer SJ, Domaille PJ, Smith BO, Owen D, Brotherton DH, Raine AR, Xu X, Brizuela L, Brenner SL and Laue ED. . 1997 Nature 389: 999â€“1003.

	Lukas J, Parry D, Aagaard L, Mann DJ, Batkova J, Strauss M, Peters G and Bartek J. . 1995 Nature 375: 503â€“506.

	Maddison WP and Maddison DR. . 1992 MacClade 3.01. Sinauer Associates, Sunderland Mass.

                    Google ScholarÂ 
                

	Maelandsmo GM, Florenes VA, Hovig E, Oyjord T, Engebraaten O, Holm R, Borresen AL and Fodstad O. . 1996 Br. J. Cancer 73: 909â€“916.

	Mao L, Merlo A, Shapiro GI, Edwards CD, Rollins BJ and Sidransky D. . 1995 Cancer Res. 55: 2995â€“2997.

	Michaely P and Bennett V. . 1992 Trends Cell Biol. 2: 127â€“129.

	Morizot D, Nairn R, Walter R and Kazianis S. . 1998 ILAR J. In press.

	Morizot DC and Siciliano MJ. . 1982 Genetics 102: 539â€“556.

	Morizot DC and Siciliano MJ. . 1983 J. Natl. Cancer Inst. 71: 809â€“813.

	Morizot DC, Slaugenhaupt SA, Kallman KD and Chakravarti A. . 1991 Genetics 127: 399â€“410.

	Mullis K, Faloona F, Scharf S, Saiki R, Horn G and Erlich H. . 1986 Cold Spring Harb. Symp. Quant. Biol. 51: 263â€“273.

	Nairn R, Morizot D, Kazianis S, Woodhead A and Setlow R. . 1996a Photochem. Photobio. 64: 440â€“448.

	Nairn RS, Della Coletta L, McEntire BB, Walter RB and Morizot DC. . 1995 Cancer Genet. Cytogenet. 88: 144â€“150.

	Nairn RS, Kazianis S, McEntire BB, Della Colletta L, Walter RB and Morizot DC. . 1996b Proc. Natl. Acad. Sci. USA 93: 13042â€“13047.

	Nobori T, Miura K, Wu DJ, Lois A, Takabayashi K and Carson DA. . 1994 Nature 368: 753â€“756.

	Ochman H, Gerber AS and Hartl DL. . 1988 Genetics 120: 621â€“623.

	Pollock PM, Pearson JV and Hayward NK. . 1996 Genes Chromosomes Cancer 15: 77â€“88.

	Quandt K, Frech K, Karas H, Wingender E and Werner T. . 1995 Nucleic Acids Res. 23: 4878â€“4884.

	Quelle DE, Zindy F, Ashmun RA and Sherr CJ. . 1995 Cell 83: 993â€“1000.

	Real FX, Rettig WJ, Chesa PG, Melamed MR, Old LJ and Mendelsohn J. . 1986 Cancer Res. 46: 4726â€“4731.

	Robinson WA, Elefanty AG and Hersey P. . 1996 Melanoma Res. 6: 285â€“289.

	Ruas M and Peters G. . 1998 Biochim. Biophys Acta 1378: F115â€“F177.

	Sano T, Oyama T, Kashiwabara K, Fukuda T and Nakajima T. . 1998a Am. J. Pathol. 153: 1741â€“1748.

	Sano T, Oyama T, Kashiwabara K, Fukuda T and Nakajima T. . 1998b Pathol. Int. 48: 580â€“585.

	Schartl A, Pagany M, Engler M and Schartl M. . 1997 Recent Results Cancer Res. 143: 225â€“235.

	Schartl M. . 1990 Genetics 126: 1083â€“1091.

	Schartl M. . 1995 Trends Genet. 11: 185â€“189.

	Scholl A and Anders F. . 1973a Archiv fur Genetik 46: 121â€“129.

	Scholl A and Anders F. . 1973b Genetics and Mutagenesis of Fish. Schroder JH. (ed.).. Springer: Berlin, Heidelberg, New York pp. 301â€“313.
BookÂ 
    
                    Google ScholarÂ 
                

	Schwab M, Abdo S, Ahuja MR, Kollinger G, Anders A, Anders F and Frese K. . 1978 Cancer Res. Clin. Onc. 91: 301â€“315.

	Serrano M, Hannon GJ and Beach D. . 1993 Nature 366: 704â€“707.

	Setlow RB, Grist E, Thompson K and Woodhead AD. . 1993 Proc. Natl. Acad. Sci. USA 90: 6666â€“6670.

	Setlow RB, Woodhead AD and Grist E. . 1989 Proc. Natl. Acad. Sci. USA 86: 8922â€“8926.

	Shapiro M. . 1995 Biotechniques 18: 1064â€“1067.

	Shigemasa K, Hu C, West CM, Clarke J, Parham GP, Parmley TH, Korourian S, Baker VV and O'Brien TJ. . 1997 J. Soc. Gynecol. Investig. 4: 95â€“102.

	Siciliano MJ, Morizot DC and Wright DA. . 1976 Pigment Cell, Vol. 2. Riley V. (ed.).. Karger, S: Basel pp. 47â€“58.

                    Google ScholarÂ 
                

	Stone S, Jiang P, Dayananth P, Tavtigian SV, Katcher H, Parry D, Peters G and Kamb A. . 1995 Cancer Res. 55: 2988â€“2994.

	Swafford DS, Middleton SK, Palmisano WA, Nikula KJ, Tesfaigzi J, Baylin SB, Herman JG and Belinsky SA. . 1997 Mol. Cell Biol. 17: 1366â€“1374.

	Takayama H, LaRochelle WJ, Sharp R, Otsuka T, Kriebel P, Anver M, Aaronson SA and Merlino G. . 1997 Proc. Natl. Acad. Sci. USA 94: 701â€“706.

	Thompson JD, Higgins DG and Gibson TJ. . 1994 Nucleic Acids Res. 22: 4673â€“4680.

	Venkataramani R, Swaminathan K and Marmorstein R. . 1998 Nat. Struct. Biol. 5: 74â€“81.

	Vielkind J, Huhn K and Tron V. . 1997 J. Cutan. Pathol. 24: 620â€“627.

	Vielkind JR, Kallman KD and Morizot DC. . 1989 J. Aquatic Animal Health 1: 69â€“77.

	Vielkind JR, Tron VA, Schmidt BM, Dougherty GJ, Ho VC, Woolcock B, Sadaghiani B and Smith CJ. . 1993 Am. J. Pathol. 143: 656â€“662.

	Vielkind U. . 1976 J. Exp. Zool. 196: 197â€“204.

	Weis S and Schartl M. . 1998 Genetics 149: 1909â€“1920.

	Wellbrock C, Fischer P and Schartl M. . 1998 Int. J. Cancer 76: 437â€“442.

	Wittbrodt J, Adam D, Malitschek B, Maueler W, Raulf F, Telling A, Robertson S and Schartl M. . 1989 Nature 341: 415â€“421.

	Woolcock BW, Schmidt BM, Kallman KD and Vielkind JR. . 1994 Cell Growth Differ. 5: 575â€“583.

	Zechel C, Peters H, Schleenbecker U and Anders F. . 1992a Int. J. Cancer 52: 66â€“75.

	Zechel C, Schleenbecker U, Anders A and Anders F. . 1988 Oncogene 1: 605â€“617.

	Zechel C, Schleenbecker U, Anders A and Anders F. . 1992b Trends in Ichthyology. Schroder JH, Bauer J and Schartl M. (eds).. GSF-Forschungszentrum fur Umwelt und Gesundheit GmbH: Munich pp. 93â€“110.

                    Google ScholarÂ 
                

	Zechel C, Schleenbecker U, Anders A, Pfutz M and Anders F. . 1989 Haematology and Blood Transfusion 32: 366â€“385.


Download references




Acknowledgements
We gratefully acknowledge Andrew Butler, Irma Gimenez-Conti, Richard Hulsey, Brenda McEntire, Elizabeth Osterndorff, Gordon Peters, Barbara Santi, Manfred Schartl, Deborah Swafford, David Trono, Cheryl Walker and Ronald Walter for their assistance and helpful discussions. We especially thank the Xiphophorus Genetic Stock Center (Southwest Texas State University, San Marcos, TX, USA) for the various fish strains used. This work was supported by USPHS grants CA55245, CA09480, CA76693 and ES07784.


Author information
Authors and Affiliations
	Department of Carcinogenesis, Science Park-Research Division, MD Anderson Cancer Center, University of Texas, PO Box 389, Smithville, TX 78957-0389, Texas, USA
S Kazianis,Â DC Morizot,Â L Della Coletta,Â DA JohnstonÂ &Â RS Nairn

	BC Cancer Research Centre, Vancouver, V5Z1L3, BC, Canada
B WoolcockÂ &Â JR Vielkind


Authors	S KazianisView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	DC MorizotView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	L Della ColettaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	DA JohnstonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	B WoolcockView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	JR VielkindView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	RS NairnView author publications
You can also search for this author in
                        PubMedÂ Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Kazianis, S., Morizot, D., Della Coletta, L. et al. Comparative structure and characterization of a CDKN2 gene in a Xiphophorus fish melanoma model.
                    Oncogene 18, 5088â€“5099 (1999). https://doi.org/10.1038/sj.onc.1202884
Download citation
	Received: 25 January 1999

	Revised: 30 March 1999

	Accepted: 30 March 1999

	Published: 14 September 1999

	Issue Date: 09 September 1999

	DOI: https://doi.org/10.1038/sj.onc.1202884


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
	
                X. helleri
              
	
                X. maculatus
              
	
                CDKN2X
              
	tumor suppressor
	
                Xmrk
              
	oncogene







            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Ephemeral Association Between Gene CG5762 and Hybrid Male Sterility in Drosophila Sibling Species
                                    
                                

                            
                                
                                    	Daina Ma
	Pawel Michalak


                                
                                Journal of Molecular Evolution (2011)

                            
	
                            
                                
                                    
                                        Regulation of the INK4bâ€“ARFâ€“INK4a tumour suppressor locus: all for one or one for all
                                    
                                

                            
                                
                                    	JesÃºs Gil
	Gordon Peters


                                
                                Nature Reviews Molecular Cell Biology (2006)

                            
	
                            
                                
                                    
                                        One INK4 gene and no ARF at the Fugu equivalent of the human INK4A/ARF/INK4B tumour suppressor locus
                                    
                                

                            
                                
                                    	Jonathan Gilley
	Mike Fried


                                
                                Oncogene (2001)

                            
	
                            
                                
                                    
                                        MNU Induction of Neoplasia in a Platyfish Model
                                    
                                

                            
                                
                                    	Steven Kazianis
	Irma Gimenez-Conti
	Ronald B Walter


                                
                                Laboratory Investigation (2001)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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: ]
