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            Abstract
Gene dosage of the apolipoprotein E (APOE) Îµ4 allele is a major risk factor for familial Alzheimer disease (AD) of late onset (after age 60). Here we studied a large series of 115 AD case subjects and 243 controls as well as 150 affected and 197 unaffected members of 66 AD families. Our data demonstrate a protective effect of the Îµ2 allele, in addition to the dose effect of the Îµ4 allele in sporadic AD. Although a substantial proportion (65%) of AD is attributable to the presence of Îµ4 alleles, risk of AD is lowest in subjects with the Îµ2/Îµ3 genotype, with an additional 23% of AD attributable to the absence of an Îµ2 allele. The opposite actions of the Îµ2 and Îµ4 alleles further support the direct involvement of APOE in the pathogenesis of AD.




            
                
                    

    
        
            
                
                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 Alzheimerâ€™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, â€¦ The Alzheimerâ€™s Disease Genetics Consortium

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Protective effect of apolipoprotein E epsilon 3 on sporadic Alzheimerâ€™s disease in the Chinese population: a meta-analysis
                                        
                                    

                                    
                                        Article
                                         Open access
                                         10 August 2022
                                    

                                

                                Qian Chen, Ting Wang, â€¦ Lei Chen

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Association of APOE e2 genotype with Alzheimerâ€™s and non-Alzheimerâ€™s neurodegenerative pathologies
                                        
                                    

                                    
                                        Article
                                         Open access
                                         18 September 2020
                                    

                                

                                Terry E. Goldberg, Edward D. Huey & D. P. Devanand

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Advisory Panel on Alzheimer's Disease. Fourth Report of the Advisory Panel on Alzheimer's Disease, 1992 1 (NIH Pub. No. 93â€“352, U. S. Govt. Print. Off., Washington D. C., 1993).

	Breteler, M.B., Claus, J.L., Van Duijn, C.M., Launer, L.J. & Hofman, A. Epidemiology of Alzheimer's disease. Epidemiol. Rev. 14, 59â€“82 (1992).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Schellenberg, G.D. et al. Genetic linkage evidence for a familial Alzheimer's disease locus on chromosome 14. Science 258, 668â€“671 (1992).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	St George-Hyslop, P. et al. Genetic evidence for a novel familial Alzheimer's disease locus on chromosome 14. Nature Genet. 2, 330â€“334 (1992).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	van Broeckhoven, C. et al. Mapping of a gene predisposing to early-onset Alzheimer's disease to chromosome 14q24.3 Nature Genet. 2, 335â€“339 (1992).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	St George-Hyslop, P.H. et al. The genetic defect causing familial Alzheimer's disease maps on chromosome 21. Science 235, 885â€“890 (1987).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Goate, A. et al. Segregation of a missense mutation in the amyloid precursor protein gene with familial Alzheimer's disease. Nature 349, 704â€“706 (1991).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Appel, S. A unifying hypothesis for the cause of amyotrophic lateral sclerosis, Parkinsonism, and Alzheimer disease. Ann. Neurol. 20, 499â€“505 (1981).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Breitner, J.C.S. & Folstein, M.F. Familial Alzheimer dementia: a prevalent disorder with specific clinical features. Psychol. Med. 14, 63â€“80 (1984).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Mohs, R.C. et al. Alzheimer's disease. Morbid risk among first-degree relatives approximates 50% by 90 years of age. Arch. gen. Psychiatry 44, 405â€“408 (1987).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Breitner, J.C.S., Silverman, J.M., Mohs, R.C. & Davis, K.L. Familial aggregation in Alzheimer's disease: comparison of risk among relatives of early-and late-onset cases, andamongmaleand female relatives in successive generations. Neurology 38, 207â€“212 (1988).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Huff, F.J., Auerbach, J., Chakravarti, A. & Boller, F. Risk of dementia in relatives with Alzheimer's disease. Neurology 38, 786â€“790 (1988).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Farrer, L.A. et al. Transmissionandage-at-onset patterns in familial Alzheimer's disease: evidence for heterogeneity. Neurology 40, 395â€“403 (1990).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	St George-Hyslop, P.H. et al. Familial Alzheimer's disease: progress and problems. Neurobiol. Aging 10, 417â€“425 (1989).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Folstein, M.F. et al. Dementia: case ascertainment in a community survey. J. Gerontol. 46, M132â€“138 (1991).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Pericak-Vance, M.A. et al. Genetic linkage studies in Alzheimer's disease families. Exp. Neurol. 102, 271â€“279 (1988).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Khachaturian, Z.S. Diagnosis of Alzheimer's disease. Arch. Neurol. 42, 1097â€“1105 (1985).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	McKhann, G. et al. Clinical diagnosis of Alzheimer's disease: report of the NINCDS-ADRDA Work Group under the auspices of the Department of Health and Human Services Task Force on Alzheimer's Disease. Neurology 34, 939â€“944 (1984).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Pericak-Vance, M.A. et al. Linkage studies in familial Alzheimer's disease: evidence for chromosome 19 linkage. Am. J. hum. Genet. 48, 1034â€“1050 (1991).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Saunders, A.M. et al. Association of apolipoprotein E allele Îµ4 with late-onset familial and sporadic Alzheimer's disease. Neurology 43, 1462â€“1472 (1993).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Strittmatter, W.J. et al. Apolipoprotein E: high-avidity binding to Î²-amyloid and increased frequency of type Îµ4 allele in late-onset familial Alzheimer's disease. Proc. natn. Acad. Sci. U.S.A. 90, 1977â€“1981 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Payami, H. et al. Apolipoprotein E genotype and Alzheimer's disease. Lancet 342, 738 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Borgaonkar, D.S. et al. Linkage of late-onset Alzheimer disease with apolipoprotein E type Îµ4 on chromosome 19 confirmed by family studies. Lancet 342, 625 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Liddell, M. et al. Confirmation of association between the Îµ4 allele of apolipoprotein E and Alzheimer's disease. J. med. Genet. (in the press).

	Mayeux, R. et al. The apolipoprotein e4 allele in patients with Alzheimer's disease. Ann. Neurology 34, 752â€“754 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rebeck, G.W., Reiter, J.S., Strickland, D.K. & Hyman, B.T. Apolipoprotein E in sporadic Alzheimer's disease: allelic variation and receptor interactions. Neuron 11, 575â€“580 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Poirier, J. et al. Apolipoprotein E and Alzheimer's disease. Lancet 342, 697â€“699 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Corder, E.H. et al. Apolipoprotein E gene dose and the risk of Alzheimer disease in late onset families. Science 261, 921â€“923 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Utermann, G., Langenbeck, U., Beisiegel, U. & Weber, W. Genetics of the apolipoprotein E system in man. Am. J. hum. Genet. 32, 339â€“347 (1980).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Mahley, R.W. Apolipoprotein E: cholesterol transport protein with expanding role in cell biology. Science 240, 622â€“628 (1988).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hardy, J. & the Alzheimer's Disease Collaborative Group. Apolipoprotein E and Alzheimer's Disease. Lancet 342, 737â€“738 (1993).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Strittmatter, W.J. et al. Binding of human apolipoprotein E to synthetic amyloid Î²-peptide: isoform-specific effects and implications for late-onset al Azheimer disease. Proc. natn. Acad. Sci. U.S.A. 80, 8098â€“8102 (1993).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Schmechel, D.E. et al. Increased amyloid (Î²-peptide deposition in cerebral cortex as aconsequence of apolipoprotein Egenotype in late-onset Alzheimer disease. Proc. natn. Acad. Sci. U.S.A. 90, 9649â€“9653 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Saunders, A.M. et al. Apolipoprotein E Îµ4 allele distributions in late-onset Alzheimer disease and in other amyloid-forming diseases. Lancet 342, 710â€“711 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Strittmatter, W.J. et al. Hypothesis: microtubule instability and paired helical filament formation in the Alzheimerdisease brain asafunction of apolipoprotein E genotype. Exp. Neurol. 125, 163â€“171 (1994).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Schellenberg, G.D. et al. Genetic association and linkage analysis of the apolipoprotein Cll locus and familial Alzheimer's disease. Ann. Neurol. 31, 223â€“227 (1992).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Myklebost, O. & Rogne, S. A physical map of the apolipoprotein gene cluster on chromosome 19. Hum. Genet. 78, 244â€“247 (1988).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Cornoni-Huntley, J., Blazer, D.G., Service, C. & Farmer, M.E. in Established population for epidemiologic studies of the elderly. Volume II (eds Cornoni-Huntley, J. et al.) 1â€“7 (NIH publication 90â€“495, Bethesda, 1990).

                    Google ScholarÂ 
                

	Dausset, J. et al. Centre D'Etude du Polymorphisme Humain (CEPH): collaborative genetic mapping of the human genome. Genomics 6, 575â€“577 (1990).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kleinbaum, D.G., Kupper, L.L. & Morgenstern, H. Epidemiologic Research. 283â€“311, 419â€“445 (Van Nostrand Reinhold, New York, 1982).

	SAS Technical Report P-200. Release 6.04. 175â€“230 (SAS Institute, Gary, 1990).

	Rothman, K.J. Modern Epidemiology. 38â€“39, 76 (Little, Brown & Company, Boston, 1986).

                    Google ScholarÂ 
                

	SAS Technical Report P-217. Version 6.0 37â€“41 (SAS Institute, Gary, 1991).


Download references




Author information
Authors and Affiliations
	Division of Neurology, Joseph and Kathleen Bryan Alzheimer's Disease Research Center, Duke University Medical Center, Durham, North Carolina, 27710, USA
E. H. Corder,Â A. M. Saunders,Â W. J. Strittmatter,Â D. E. Schmechel,Â P. C. Gaskell Jr.,Â J. B. Rimmler,Â A. D. RosesÂ &Â M. A. Pericak-Vance

	Division of Neurobiology, Joseph and Kathleen Bryan Alzheimer's Disease Research Center, Duke University Medical Center, Durham, North Carolina, 27710, USA
W. J. Strittmatter,Â D. E. SchmechelÂ &Â A. D. Roses

	Department of Epidemiology and Public Health and Department of Genetics, Yale University, New Haven, Connecticut, 06520, USA
N. J. Risch

	GRECC Durham VA Medical Center, Durham, North Carolina, 27704, USA
D. E. SchmechelÂ &Â K. E. Schmader

	Molecular Neurogenetics Unit, Massachusetts General Hospital, Charlestown, Massachusetts, 02129, USA
P. A. LockeÂ &Â J. L. Haines

	Department of Medical and Molecular Genetics, Indiana University Medical Center, Indianapolis, Indiana, 46202, USA
P. M. Conneally

	Center for Study of Aging and Human Development, Duke University Medical Center, Durham, North Carolina, 27710, USA
K. E. Schmader

	Neuropsychiatric Institute and Hospital, Center for Health Sciences, University of California, Los Angeles, California, 90024, USA
G. W. Small


Authors	E. H. CorderView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	A. M. SaundersView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	N. J. RischView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	W. J. StrittmatterView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	D. E. SchmechelView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	P. C. Gaskell Jr.View author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	J. B. RimmlerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	P. A. LockeView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	P. M. ConneallyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	K. E. SchmaderView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	G. W. SmallView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	A. D. RosesView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	J. L. HainesView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	M. A. Pericak-VanceView 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
Corder, E., Saunders, A., Risch, N. et al. Protective effect of apolipoprotein E type 2 allele for late onset Alzheimer disease.
                    Nat Genet 7, 180â€“184 (1994). https://doi.org/10.1038/ng0694-180
Download citation
	Received: 24 November 1993

	Accepted: 09 March 1994

	Issue Date: 01 June 1994

	DOI: https://doi.org/10.1038/ng0694-180


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

                
                    	
                            
                                
                                    
                                        Interest in genetic susceptibility testing and disclosure of AD dementia risk in cognitively normal adults: a survey study
                                    
                                

                            
                                
                                    	Lisa Waterink
	Larissa A. Masselink
	Marissa D. Zwan


                                
                                Alzheimer's Research & Therapy (2024)

                            
	
                            
                                
                                    
                                        Cell type-specific roles of APOE4 in Alzheimer disease
                                    
                                

                            
                                
                                    	Jessica Blumenfeld
	Oscar Yip
	Yadong Huang


                                
                                Nature Reviews Neuroscience (2024)

                            
	
                            
                                
                                    
                                        Early modulation of the gut microbiome by female sex hormones alters amyloid pathology and microglial function
                                    
                                

                            
                                
                                    	Piyali Saha
	Ian Q. Weigle
	Sangram S. Sisodia


                                
                                Scientific Reports (2024)

                            
	
                            
                                
                                    
                                        APOE effects on regional tau in preclinical Alzheimerâ€™s disease
                                    
                                

                            
                                
                                    	Christina B. Young
	Emily Johns
	Elizabeth C. Mormino


                                
                                Molecular Neurodegeneration (2023)

                            
	
                            
                                
                                    
                                        Step by step: towards a better understanding of the genetic architecture of Alzheimerâ€™s disease
                                    
                                

                            
                                
                                    	Jean-Charles Lambert
	Alfredo Ramirez
	CÃ©line Bellenguez


                                
                                Molecular Psychiatry (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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
	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




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” 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: ]
