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            Abstract
Genome-wide association studies (GWAS) have identified many risk loci for Alzheimer’s disease (AD)1,2, but how these loci confer AD risk is unclear. Here, we aimed to identify loci that confer AD risk through their effects on brain protein abundance to provide new insights into AD pathogenesis. To that end, we integrated AD GWAS results with human brain proteomes to perform a proteome-wide association study (PWAS) of AD, followed by Mendelian randomization and colocalization analysis. We identified 11 genes that are consistent with being causal in AD, acting via their cis-regulated brain protein abundance. Nine replicated in a confirmation PWAS and eight represent new AD risk genes not identified before by AD GWAS. Furthermore, we demonstrated that our results were independent of APOE e4. Together, our findings provide new insights into AD pathogenesis and promising targets for further mechanistic and therapeutic studies.
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              Phenotypic, proteomic and transcriptomic data used in this manuscript are available via the AD Knowledge Portal (https://adknowledgeportal.org). The AD Knowledge Portal is a platform for accessing data, analyses and tools generated by the Accelerating Medicines Partnership (AMP-AD) Target Discovery Program and other National Institute on Aging (NIA)-supported programs to enable open-science practices and accelerate translational learning. The data, analyses and tools are shared early in the research cycle without a publication embargo on secondary use. Data are available for general research use according to the following requirements for data access and data attribution (https://adknowledgeportal.org/DataAccess/Instructions). Results of the pQTL analysis, protein weights and transcript weights described in this manuscript can be accessed at https://doi.org/10.7303/syn23627957.
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Extended data

Extended Data Fig. 1 Quantile-quantile plots for the discovery and replication PWAS of AD.
Quantile-quantile plot for a, the discovery PWAS of AD (λ = 1.36; λ1000 = 1.003) and b, confirmatory PWAS of AD (λ = 1.39; λ1000 = 1.003).


Extended Data Fig. 2 Overlap of significant genes between AD and other traits.
Overlap between results of the AD PWAS and PWAS for other traits. All the PWAS used the discovery ROS/MAP proteomic dataset (n = 376) and GWAS summary results from Caucasian individuals. The following outcomes were tested: clinical AD GWAS (N = 63,926), amyotrophic lateral sclerosis (ALS; N = 80,610), body mass index (BMI; N = 681,275), height (N = 693,529), neuroticism (N = 390,278), Parkinson’s disease (PD; N = 1,474,097), and waist-to-hip ratio adjusting for BMI (WHRadjBMI; N = 694,649). Significant genes considered for overlap are those with FDR p < 0.05.


Extended Data Fig. 3 Quantile-quantile plot for the TWAS of AD.
Quantile-quantile plot for the TWAS of AD (λ = 1.22; λ1000 = 1.002).


Extended Data Fig. 4 Single cell-type expression.
Single-cell type expression for AD PWAS-significant genes with evidence of causality in AD. Using human brain single-cell RNA-sequencing data profiled from the dPFC, we found that 6 genes (of the 11 genes) had evidence of enrichment in a cell type at FDR p < 0.05. Enrichment testing was performed using Wilcoxon rank sum test, as implemented by the Seurat package, and multiple testing was accounted for by FDR adjusted for 17,775 tested genes. CARHSP1 showed enrichment in oligodendrocytes. CTSH showed enrichment in astrocytes and microglia. DOC2A, ICA1L, PLEKHA1, and SNX32 were enriched in excitatory neurons.
Source data


Extended Data Fig. 5 Genetic principal components of genetic ancestry for each dataset.
Genetic principal components of genetic ancestry for each dataset. The first two genetic principal components for individuals in each dataset are plotted (grey boxes) with individuals from the 1000 Genomes CEU dataset (purple triangles) for a, the discovery proteomic dataset, b, the replication proteomic dataset, and c, the transcriptomic dataset.
Source data
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