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            Abstract
We have previously detected an increased frequency of loss of heterozygosity (LOH) on chromosome 18q during progression of colorectal carcinomas. To clarify the target of 18qLOH, mutation of Smad4 and Smad2 genes was analysed in 176 colorectal tumors with different stages, including liver metastasis, from 111 sporadic, 52 familial adenomatous polyposis (FAP) and nine hereditary nonpolyposis colorectal cancer (HNPCC) patients. Mutation of other Smad gene families in the TGF-Î² signaling pathway was also examined. Twenty-one Smad4 mutations and one Smad2 mutation were detected, whereas mutation of Smad3, 6 and 7 genes was not detected. Smad4 mutations included seven frameshift, one inframe deletion, four nonsense and nine missense mutations, 95% of which resulted in alteration of Smad4 protein regions included in homo-oligomer and hetero-oligomer formation. Frequencies of tumors with Smad4 mutation were 0/40 (0%) in adenoma, 4/39 (10%) in intramucosal carcinoma, 3/44 (7%) in primary invasive carcinoma without distant metastasis, 6/17 (35%) in primary invasive carcinoma with distant metastasis, and 11/36 (31%) in distant metastasis (metastatic/non-metastatic: P=0.006 âˆ¼0.01). Loss of the other allele was observed in 19 of 20 (95%) invasive and metastasized carcinomas with Smad4 mutations. In four cases both primary and metastasized carcinomas in the same patients showed the same mutations. The present results suggest that Smad4 gene is one of true targets of 18qLOH, and that its inactivation is involved in advanced stages, such as distant metastasis, in human colorectal carcinogenesis.




            
                
                    

    
        
            
                
                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: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        SH2D4A downregulation due to loss of chromosome 8p is associated with poor prognosis and low T cell infiltration in colorectal cancer
                                        
                                    

                                    
                                        Article
                                        
                                         10 December 2021
                                    

                                

                                Takuro Matsumoto, Hirokazu Okayama, â€¦ Koji Kono

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Copy neutral loss of heterozygosity (cnLOH) patterns in synchronous colorectal cancer
                                        
                                    

                                    
                                        Article
                                        
                                         02 December 2020
                                    

                                

                                Sandra Tapial, Juan Luis GarcÃa, â€¦ JosÃ© Perea

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Landscape of somatic single nucleotide variants and indels in colorectal cancer and impact on survival
                                        
                                    

                                    
                                        Article
                                         Open access
                                         20 July 2020
                                    

                                

                                Syed H. Zaidi, Tabitha A. Harrison, â€¦ Ulrike Peters

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Cho KR, Oliner JD, Simons JW, Hederick L, Fearon ER, Preisinger AC, Hedge P, Silverman GA and Vogelstein B. . 1996 Genomics 19: 525â€“531.

	Eppert K, Scherer SW, Ozcelik H, Pirone R, Hoodless P, Kim H, Tsui L-C, Bapat B, Gallinger S, Andrulis IL, Thomsen GH, Wrana JL and Attisano L. . 1996 Cell 86: 543â€“552.

	Fearon ER and Vogelstein B. . 1990 Cell 61: 759â€“767.

	Fearon ER, Cho KR, Nigro JM, Kern SE, Simons JW, Ruppert JM, Hamilton SR, Preisinger AC, Thomas G, Kinzler KW and Vogelstein B. . 1990 Science 247: 49â€“56.

	Hahn SA, Seymour AB, Hoque ATMS, Schutte M, da Costa LT, Rodston MS, Caldas C, Weinstein CL, Fischer A, Yeo CJ, Hruban RH and Kern SE. . 1995 Cancer Res. 55: 4670â€“4675.

	Hahn SA, Schtte M, Hoque ATMS, Moskaluk CA, de Costa LT, Rozenblum E, Weinstein CL, Fischer A, Yeo CJ, Hruban RH and Kern SE. . 1996 Science 271: 350â€“353.

	Howe JR, Roth S, Ringold JC, Summers RW, Jarvinen HJ, Sistonen P, Tomlinson PM, Houlston RS, Bevan S, Mitros FA, Stone EM and Aaltonen LA. . 1998 Science 280: 1086â€“1088.

	Kikuchi-Yanoshita R, Konishi M, Fukunari H, Tanaka K and Miyaki M. . 1992a Cancer Res. 52: 3801â€“3803.

	Kikuchi-Yanoshita R, Konishi M, Ito S, Seki M, Tanaka K, Maeda Y, Iino H, Fukayama M, Koike M, Mori T, Sakuraba H, Fukunari H, Iwama T and Miyaki M. . 1992b Cancer Res. 52: 3965â€“3971.

	Konishi M, Kikuchi-Yanoshita R, Tanaka K, Muraoka M, Onda A, Okumura Y, Kishi N, Iwama T, Mori T, Koike M, Ushio K, Chiba M, Nomizu S, Konishi F, Utsunomiya J and Miyaki M. . 1996 Gastroenterology 111: 307â€“317.

	MacGrogan D, Pegram M, Slamon D and Bookstein R. . 1997 Oncogene 15: 1111â€“1114.

	Massague J. . 1996 Cell 85: 947â€“950.

	Miyaki M, Seki M, Okamoto M, Yamanaka Y, Maeda Y, Tanaka K, Kikuchi Y, Iwama T, Ikeuchi T, Tonomura A, Nakamura Y, White R, Miki Y, Utsunomiya J and Koike M. . 1990 Cancer Res. 50: 7166â€“7173.

	Miyaki M, Konishi M, Kikuchi-Yanoshita R, Enomoto M, Igari T, Tanaka K, Muraoka M, Takahashi H, Amada Y, Fukayama M, Maeda Y, Iwama T, Mishima Y, Mori T and Koike M. . 1994 Cancer Res. 54: 3011â€“3020.

	Miyaki M, Tanaka K, Kikuchi-Yanoshita R, Muraoka M and Konishi M. . 1995 Crit. Rev. Oncol. Hematol. 19: 1â€“31.

	Nakao A, Afrakhte M, Moren A, Nakayama T, Christain JL, Heuchel R, Itoh S, Kawabata M, Heldin N-E, Heldin C-H and ten Dijke P. . 1997 Nature 389: 631â€“635.

	Orita M, Suzuki Y, Sekiya T and Hayashi K. . 1989 Genomics 5: 874â€“879.

	Riggins GJ, Thiagalingam S, Rozenblum E, Hamilton SR, Willson JKW, Markowitz SD, Kinzler KW and Vogelstein B. . 1996 Nature Genetics 13: 347â€“349.

	Schutte M, Hruban RH, Hedrick L, Cho KR, Nadasdy GM, Weinstein CL, Bova GS, Isaacs WB, Cairns P, Nawroz H, Sidransky D, Casero Jr RA, Meltzer PA, Hahn S and Kern SE. . 1996 Cancer Res. 56: 2527â€“2530.

	Shi Y, Hata A, Lo RS, Massague J and Pavletich NP. . 1997 Nature 388: 87â€“93.

	Takagi Y, Kohmura H, Futamura M, Kida H, Tanemura H, Shimaoka K and Saji S. . 1996 Gastroenterology 111: 1369â€“1372.

	Takaku K, Oshima M, Miyoshi H, Matsi M, Seldin MF and Taketo M. . 1998 Cell 92: 645â€“656.

	Thiagalingam S, Lengauer C, Leach FS, Scutte M, Hahn SA, Overhauser J, Willson JKV, Markowitz S, Hamilton SR, Kern SE, Kinzler KW and Vogelstein B. . 1996 Nature Genetics 13: 343â€“346.

	Vogelstein B, Fearon ER, Hamilton SR, Kern SE, Preisinger AC, Leppert M, Nakamura Y, White R, Smith AMM and Bos JL. . 1988 N. Engl. J. Med. 319: 525â€“532.

	Zang Y, Feng X-H, Wu R-Y and Derynck R. . 1996 Nature 383: 168â€“172.


Download references




Acknowledgements
Supported by the Project `High-Technology Research Center' from the Ministry of Education, Science, Sport and Culture of Japan, and Grants-in-Aid for Cancer Research from Ministry of Health and Welfare of Japan.


Author information
Authors and Affiliations
	Hereditary Tumor Research Project, The Tokyo Metropolitan Komagome Hospital, Tokyo, 113-8677, Japan
Michiko Miyaki,Â Takeru Iijima,Â Motoko Konishi,Â Kimiyo SakaiÂ &Â Aki Ishii

	Department of Surgery, The Tokyo Metropolitan Komagome Hospital, Tokyo, 113-8677, Japan
Masamichi YasunoÂ &Â Takeo Mori

	Department of Pathology, The Tokyo Metropolitan Komagome Hospital, Tokyo, 113-8677, Japan
Tsunekazu HishimaÂ &Â Morio Koike

	Department of Neurosurgery, The Tokyo Metropolitan Komagome Hospital, Tokyo, 113-8677, Japan
Nobuyuki Shitara

	Institute of Molecular Oncology, Showa University, 142-8555, Tokyo, Japan
Michiko Miyaki,Â Takeru IijimaÂ &Â Toshio Kuroki

	Department of Surgery, Kyoundo Hospital, Sasaki Institute, Tokyo, 101-0062, Japan
Takeo Iwama

	Hyogo College of Medicine, Hyogo, 663-8501, Japan
Joji Utsunomiya


Authors	Michiko MiyakiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Takeru IijimaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Motoko KonishiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Kimiyo SakaiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Aki IshiiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Masamichi YasunoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Tsunekazu HishimaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Morio KoikeView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Nobuyuki ShitaraView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Takeo IwamaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Joji UtsunomiyaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Toshio KurokiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Takeo MoriView 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
Miyaki, M., Iijima, T., Konishi, M. et al. Higher frequency of Smad4 gene mutation in human colorectal cancer with distant metastasis.
                    Oncogene 18, 3098â€“3103 (1999). https://doi.org/10.1038/sj.onc.1202642
Download citation
	Received: 02 September 1998

	Revised: 13 November 1998

	Accepted: 18 December 1998

	Published: 25 May 1999

	Issue Date: 20 May 1999

	DOI: https://doi.org/10.1038/sj.onc.1202642


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
	Smad4 gene
	Smad genes
	somatic mutation
	distant metastasis
	colorectal cancer







            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        PRMT5 methylating SMAD4 activates TGF-Î² signaling and promotes colorectal cancer metastasis
                                    
                                

                            
                                
                                    	Anyi Liu
	Chengxin Yu
	Guihua Wang


                                
                                Oncogene (2023)

                            
	
                            
                                
                                    
                                        Mathematical modelling identifies conditions for maintaining and escaping feedback control in the intestinal epithelium
                                    
                                

                            
                                
                                    	Matthias M. Fischer
	Hanspeter Herzel
	Nils BlÃ¼thgen


                                
                                Scientific Reports (2022)

                            
	
                            
                                
                                    
                                        Aurora kinase A inhibition induces synthetic lethality in SMAD4-deficient colorectal cancer cells via spindle assembly checkpoint activation
                                    
                                

                            
                                
                                    	Changxiang Shi
	Shishi Tao
	Joong Sup Shim


                                
                                Oncogene (2022)

                            
	
                            
                                
                                    
                                        Large-Scale Proteomics Data Reveal Integrated Prognosis-Related Protein Signatures and Role of SMAD4 and RAD50 in Prognosis and Immune Infiltrations of Prostate Cancer Microenvironment
                                    
                                

                            
                                
                                    	Aihetaimujiang Anwaier
	Shu-Xuan Zhu
	Ding-Wei Ye


                                
                                Phenomics (2022)

                            
	
                            
                                
                                    
                                        Prognostic role and clinicopathological features of SMAD4 gene mutation in colorectal cancer: a systematic review and meta-analysis
                                    
                                

                            
                                
                                    	Tian Fang
	Tingting Liang
	Yehui Tan


                                
                                BMC Gastroenterology (2021)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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
	protocols.io
	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 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: ]
