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            Abstract
A key driver of patients’ well-being and clinical trials for Parkinson’s disease (PD) is the course that the disease takes over time (progression and prognosis). To assess how genetic variation influences the progression of PD over time to dementia, a major determinant for quality of life, we performed a longitudinal genome-wide survival study of 11.2 million variants in 3,821 patients with PD over 31,053 visits. We discover RIMS2 as a progression locus and confirm this in a replicate population (hazard ratio (HR) = 4.77, P = 2.78 × 10−11), identify suggestive evidence for TMEM108 (HR = 2.86, P = 2.09 × 10−8) and WWOX (HR = 2.12, P = 2.37 × 10−8) as progression loci, and confirm associations for GBA (HR = 1.93, P = 0.0002) and APOE (HR = 1.48, P = 0.001). Polygenic progression scores exhibit a substantial aggregate association with dementia risk, while polygenic susceptibility scores are not predictive. This study identifies a novel synaptic locus and polygenic score for cognitive disease progression in PD and proposes diverging genetic architectures of progression and susceptibility.
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                    Fig. 1: Within-cases longitudinal GWSS identifies three loci associated with progression to PDD.[image: ]


Fig. 2: GBA and APOE ε4 accelerate cognitive decline in individuals with PD.[image: ]


Fig. 3: A polygenic hazard score outperforms polygenic risk scores in dementia prediction.[image: ]
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              A Nature Research Reporting Summary is available for this paper. Human brain cell type-specific expression data from BRAINcode47 RNA-seq data are accessible through a user-friendly webportal at http://www.humanbraincode.org and individual-level data through dbGAP (accession no. phs001556.v1.p1). The gene expression profiles of human tissues used in this study can be downloaded from the GTEx Portal v7 (https://gtexportal.org/). The GWSS summary statistics for the combined analysis of discovery and replicate populations are publicly accessible through the EGA database at https://ega-archive.org/ (accession no. EGAS00001005110). Individual-level genetic data for the NIH-funded Illumina Multi-Ethnic Genotyping Array analyses of the HBS2 and EPIPARK cohorts are accessible in dbGAP with accession no. phs002328.v1.p1 in accordance with NIH Genomic Data Sharing Policy. The WGS and clinical data for PPMI included in this study are publicly available upon request to ppmi@loni.usc.edu through a PPMI Whole Genome Sequencing Data Agreement. Clinical data for PDBP included in this study are publicly available through https://pdbp.ninds.nih.gov. Clinical longitudinal data for the other cohorts included are accessible through appropriate data sharing agreements that protect patient privacy with the institutions that conducted or are conducting study consents and clinical assessments under local institutional review board approvals.
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Extended data

Extended Data Fig. 1 Genotyping pipeline for discovery and replication cohorts.
Quality control (QC) steps outlined in blue were performed using PLINK v1.90beta75. Note that 509 samples with WGS from the PPMI cohort (after removing three with gender mismatches) were added in Step 10.


Extended Data Fig. 2 Characteristics of loci associated with cognitive progression in PD.
a, RIMS2 locus. b, TMEM108 locus. c, WWOX locus. Top, chromosomal position; middle, -log10(P values) for individual SNPs at each locus (left y-axis) with the rate of recombination indicated by the red line (right y-axis); bottom, gene positions with the locus. Each point represents a SNP colored according to LD with the lead associated variant. Figure panels were generated with LocusTrack83 and r2 values were calculated based on CEU population in the 1000 Genomes Project data set77.


Extended Data Fig. 3 Associations between a second RIMS2 variant rs116918991, TMEM108 rs138073281, and WWOX rs8050111 with cognitive PD progression.
a,c,e, Covariate-adjusted survival curves for PD patients without the indicated variant (blue line) and for those carrying the indicated variant (heterozygotes and homozygotes; red dashed line) are shown. P values Cox PH models with two-sided Wald test. b,d,f, Adjusted mean MMSE scores across time predicted from the estimated fixed-effect parameters of the LMM analysis are shown for cases carrying the variant (heterozygotes and homozygotes; red) and cases without the variant (non-carriers; blue) adjusting for covariates. Shaded ribbons indicate ± s.e.m. around predicted MMSE scores across time. Note that a second RIMS2 variant rs116918991 (correlated with r2 = 0.49 with the lead variant rs182987047; Fig. 1) is shown in a and b, and that the HR and P values shown here for TMEM108 rs138073281 and WWOX rs8050111 are different from the HR and P values from the main analysis (Table 1), where variant alleles were coded as 0, 1, 2. P values from LMM analysis with two-sided t-test.


Extended Data Fig. 4 RIMS2, TMEM108, and WWOX are expressed in human brain.
Gene expression profiles were downloaded directly from the GTEx Portal V746. Expression values are shown in Transcript per Million (TPM), calculated from a gene model with isoforms collapsed to a single gene. Box plots visualize first, third quartiles and medians; the ends of the whiskers represent the lowest (or highest) value still within 1.5-times the interquartile range. Outliers are displayed as dots, if they are above or below 1.5-times the interquartile range. n indicates number of individuals for each tissue analyzed in GTEx V7.


Extended Data Fig. 5 Cell-type specific expression of RIMS2, TMEM108, and WWOX in human brain.
Cell type-specific transcriptomes were assayed using laser-capture RNA sequencing (lcRNAseq) as we reported47. Gene expression (FPKM) profiles of RIMS2, TMEM108, and WWOX are from BRAINcode consortium (http://www.humanbraincode.org). n indicates the number of individuals assayed for each cell type. SNDA, indicates dopamine neurons laser-captured from human substantial nigra pars compacta; MCPY, pyramidal neurons from human motor cortex; TCPY, pyramidal neurons from human temporal cortex; PBMC, human peripheral blood mononuclear white cells; FB, primary human fibroblasts. Box plots visualize first, third quartiles, and medians; the ends of the whiskers represent the lowest (or highest) value still within 1.5-times the interquartile range. Each dot represents a sample.


Extended Data Fig. 6 The polygenic hazard score (PHS) is associated with decline in serial MMSE scores.
a, PD cases scoring in the highest quartile (red) of a polygenic risk score (PRS based on 90 susceptibility variants45) compared to PD cases scoring in the lowest quartile of the PRS (blue) are shown. b, PD cases scoring in the highest quartile (red) of the PHS (comprising GBA + APOE ε4 + the 3 novel progression variants) compared to PD cases scoring zero on the PHS (blue) are shown. For a and b, adjusted mean MMSE scores across time predicted from the estimated fixed-effect parameters in the LMM analysis for the combined data set comprising discovery and replication populations are shown. The shaded ribbons indicate ± s.e.m. around predicted MMSE scores across time. The P values from LMM analysis with two-sided t-tests.
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Reporting Summary

Supplementary Data 1
PD GWAS-derived lead variants were not statistically significantly associated with motor progression in PD in the combined population.





Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Liu, G., Peng, J., Liao, Z. et al. Genome-wide survival study identifies a novel synaptic locus and polygenic score for cognitive progression in Parkinson’s disease.
                    Nat Genet 53, 787–793 (2021). https://doi.org/10.1038/s41588-021-00847-6
Download citation
	Received: 03 April 2019

	Accepted: 16 March 2021

	Published: 06 May 2021

	Issue Date: June 2021

	DOI: https://doi.org/10.1038/s41588-021-00847-6


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
                        








            


            

            
        





    
        

        
            
                

    
        
            
                
                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 — 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: ]
