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            Abstract
The ε4 allele of the apolipoprotein E gene (APOE) has been associated with an increased risk of developing Alzheimer's disease (AD; refs 1,2). However, it is apparent that the APOEε4 allele alone is neither necessary nor sufficient to cause the disease3–5. We have recently found three new polymorphisms within the APOftranscriptional regulatory region (M.J.A. et al., manuscript submitted) and now establish an association between one of these polymorphisms (−491A/T) and dementia as observed in Alzheimer's disease, in two independent clinical populations. The results suggest that homozygosity of a common variant (−491 A) is associated with increased risk for AD, and that this association is independent of APOEs4 status. In vitro studies suggest that the −491 A/T polymorphism may increase risk for AD by altering the level of ApoE protein expression.




            
                
                    

    
        
            
                
                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 12 print issues and online access
$209.00 per year
only $17.42 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
        



    

                
                    
                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Exceptionally low likelihood of Alzheimer’s dementia in APOE2 homozygotes from a 5,000-person neuropathological study
                                        
                                    

                                    
                                        Article
                                         Open access
                                         03 February 2020
                                    

                                

                                Eric M. Reiman, Joseph F. Arboleda-Velasquez, … The Alzheimer’s Disease Genetics Consortium

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The APOE-R136S mutation protects against APOE4-driven Tau pathology, neurodegeneration and neuroinflammation
                                        
                                    

                                    
                                        Article
                                         Open access
                                         13 November 2023
                                    

                                

                                Maxine R. Nelson, Peng Liu, … Yadong Huang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Non-coding variability at the APOE locus contributes to the Alzheimer’s risk
                                        
                                    

                                    
                                        Article
                                         Open access
                                         25 July 2019
                                    

                                

                                Xiaopu Zhou, Yu Chen, … Nancy Y. Ip

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Corder, E.H. et al. Gene dose of apolipoprotein E type 4 allele and the risk of AD in late onset families. Science 261, 921–923 (1993.)
Article 
    CAS 
    
                    Google Scholar 
                

	Strittmatter, W.J. et al. Apolipoprotein E: high avidity binding to β-amyloid and increased frequency of type 4 allele in late-onset familial Alzheimer disease. Proc. Natl. Acad. Sci. USA 90, 1977–1981 (1993).
Article 
    CAS 
    
                    Google Scholar 
                

	Institute on Aging/Alzheimer's Association Working Group. Apolipoprotein E genotyping in Alzheimer's disease. Lancet 347, 1091–1095 (1996).

	Payami, H., Kaye, J., Heston, L.L., Bird, T.D. & Schellenberg, G.D. Apolipoprotein E genotypes and Alzheimer's disease. Lancet 342, 737–738 (1993).
Article 
    
                    Google Scholar 
                

	Bennet, C. et al. Evidence that the APOE locus influences rate of disease progression in late onset familial Alzheimer's disease but is not causative. Am. J. Med. Genet. 60, 1–6 (1995).
Article 
    
                    Google Scholar 
                

	Santana, M.A. et al. Neuropsychology and Apolipoprotein E genotype in Alzheimer's disease. J. Neurol. (Supp. 2) 243, 591 (1996).

	Lendon, C.L. et al. Genetic Association studies between dementia of the Alzheimer's type and three receptors for apolipoprotein E in a Caucasian population. Neurosci. Lett. 222, 187 (1997).
Article 
    
                    Google Scholar 
                

	Blesa, R. et al. High apolipoprotein E epsilon 4 allele frequency in age-related memory decline. Ann. Neurol. 39, 548–551 (1996).
Article 
    CAS 
    
                    Google Scholar 
                

	Muros, M. & Rodriguez-Ferrer, C. Apolipoprotein E polymorphism influence on lipids, apolipoproteins and Lp(a) in a Spanish population underexpressing apo E4. Atherosclerosis 121, 13–21 (1996).
Article 
    CAS 
    
                    Google Scholar 
                

	Miyata, M. & Smith, J.D. Apolipoprotein E allele-specific antioxidant activity and effects on cytotoxicity by oxidative insults and b-amyloid peptides. Nature Genet. 14, 55–61 (1996).
Article 
    CAS 
    
                    Google Scholar 
                

	Yamada, T., Kondo, A., Takamatsu, J., Tateishi, J. & Goto, I. Apolipoprotein E mRIMA in the brains of patients with Alzheimer's disease. J.Neurol. Sci. 129, 56–61 (1995).
Article 
    CAS 
    
                    Google Scholar 
                

	Lambert, J.C. et al. Distortion of allelic expression of apolipoprotein E in Alzheimer's disease. Hum. Mol. Genet. 6, 2151–2154 (1997).
Article 
    CAS 
    
                    Google Scholar 
                

	Taddei, K., Clarnette, R., Gandy, S.E. & Martins, R.N. Increased plasma apolipoprotein E (apoE) levels in Alzheimer's disease. Neurosci. Lett. 223, 29–32 (1997).
Article 
    
                    Google Scholar 
                

	McKhann, G. et al. Clinical diagnosis of Alzheimer's disease: Report of the NINCDS-ADRDA Work Group under the auspices of Department of Health and Human Services Task Force on Alzheimer's disease. Neurology 34, 939–944 (1984).
Article 
    CAS 
    
                    Google Scholar 
                

	Berg, L. & Morris, J.C. Alzheimer's disease. (Terry, R.D., Katzman, R. & Bick, K., eds.) 9–21 (New York, Raven Press, 1994).

                    Google Scholar 
                

	Hixson, J.E. & Vernier, D.T. Restriction isotyping of human apolipoprotein E by gene amplification and cleavage with Hha I. J.Lipid Res. 31, 545–548 (1990).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Garcia, M.A., Vázquez, J., Giménez, C., Valdivieso, F. & Zafra, F. Transcriptional factor AP-2 regulates human apolipoprotein E gene expression in astrocytoma cells. J. Neurosci. 16, 7550–7556 (1996).
Article 
    CAS 
    
                    Google Scholar 
                

	Higuchi, R. PCR Protocols. (Innis, M.A., Gelfand, D.H., Sninsky, J.J. & White, T.J., eds.) 177–183 (New York: Academic Press, 1990).

	Dignam, J.D., Lebovitz, R.M. & Roeder, R.G. Accurate transcription initiation by RNA polymerase II in a soluble extract from isolated mammalian nuclei. Nucleic Acid Res. 11, 1475–1489 (1983).
Article 
    CAS 
    
                    Google Scholar 
                

	Morris, J.A. & Gardner, M.J. Calculating confidence intervals for relative risks (odds ratios) and standardised ratios and rates. British Med. J. 296, 1313–1316 (1988).
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Author information
Author notes	María Jesus Bullido and María Jesús Artiga: M.J.B. & M.J.A. contributed equally to this work.


Authors and Affiliations
	Departamento de Biología Molecular and Centra de Biología Molecular Severo Ochoa (C.S.I.C.-U.A.M.), Universidad Autónoma de Madrid, Cantoblanco, 28049, Madrid, Spain
María Jesus Bullido, María Jesús Artiga, María Recuero, Isabel Sastre, Miguel Angel García, Jesús Aldudo, Jesús Vázquez & Fernando Valdivieso

	Departments of Psychiatry, Neurology and Genetics, Washington University School of Medicine, St Louis, Missouri, 63110, USA
Corinne Lendon, Sang Woo Han, John C. Morris & Alison Goate

	Servicio de Neurologia, Hospital Universitario La Paz (UAM), 28034, Madrid, Spain
Anna Frank


Authors	María Jesus BullidoView author publications
You can also search for this author in
                        PubMed Google Scholar



	María Jesús ArtigaView author publications
You can also search for this author in
                        PubMed Google Scholar



	María RecueroView author publications
You can also search for this author in
                        PubMed Google Scholar



	Isabel SastreView author publications
You can also search for this author in
                        PubMed Google Scholar



	Miguel Angel GarcíaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jesús AldudoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Corinne LendonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sang Woo HanView author publications
You can also search for this author in
                        PubMed Google Scholar



	John C. MorrisView author publications
You can also search for this author in
                        PubMed Google Scholar



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



	Jesús VázquezView author publications
You can also search for this author in
                        PubMed Google Scholar



	Alison GoateView author publications
You can also search for this author in
                        PubMed Google Scholar



	Fernando ValdiviesoView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Bullido, M., Artiga, M., Recuero, M. et al. A polymorphism in the regulatory region of APOE associated with risk for Alzheimer's dementia.
                    Nat Genet 18, 69–71 (1998). https://doi.org/10.1038/ng0198-69
Download citation
	Received: 09 October 1997

	Accepted: 02 December 1997

	Issue Date: 01 January 1998

	DOI: https://doi.org/10.1038/ng0198-69


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Step by step: towards a better understanding of the genetic architecture of Alzheimer’s disease
                                    
                                

                            
                                
                                    	Jean-Charles Lambert
	Alfredo Ramirez
	Céline Bellenguez


                                
                                Molecular Psychiatry (2023)

                            
	
                            
                                
                                    
                                        Non-coding variability at the APOE locus contributes to the Alzheimer’s risk
                                    
                                

                            
                                
                                    	Xiaopu Zhou
	Yu Chen
	Nancy Y. Ip


                                
                                Nature Communications (2019)

                            
	
                            
                                
                                    
                                        DNA methylation of TOMM40-APOE-APOC2 in Alzheimer’s disease
                                    
                                

                            
                                
                                    	Yvonne Shao
	McKenzie Shaw
	Lynn M. Bekris


                                
                                Journal of Human Genetics (2018)

                            
	
                            
                                
                                    
                                        Brain APOE expression quantitative trait loci-based association study identified one susceptibility locus for Alzheimer’s disease by interacting with APOE ε4
                                    
                                

                            
                                
                                    	Aiqian Zhang
	Qingnan Zhao
	Shan Jiang


                                
                                Scientific Reports (2018)

                            
	
                            
                                
                                    
                                        The algorithm for Alzheimer risk assessment based on APOE promoter polymorphisms
                                    
                                

                            
                                
                                    	Anna Limon-Sztencel
	Beata S. Lipska-Ziętkiewicz
	Janusz Limon


                                
                                Alzheimer's Research & Therapy (2016)

                            


                

            

        
    

            
        





    
        

        
            
                

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


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Genetics (Nat Genet)
                
                
    
    
        ISSN 1546-1718 (online)
    
    


                
    
    
        ISSN 1061-4036 (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




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


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

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
