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Supplementary Fig. 1. Labeled transcriptomic signatures of AD. Bar plots comparing the four 

AD gene expression signatures used to query CMap. Genes are labeled on the x-axis and aligned 

across panels. Bars represent each gene’s TWAS Z-score for association between genetically 

predicted expression and AD risk (Z>0 indicates higher predicted expression associated with 

increased AD risk; Z<0 indicates higher predicted expression associated with decreased AD risk). 

Opaque bars denote genes included in the signature submitted to CMap, whereas semi-transparent 

bars denote genes with TWAS results not included in that signature. 
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Supplementary Fig. 2. Heatmap of pairwise sample correlations for RNA-seq quality control. 

Replicates cluster cleanly by their assigned labels, indicating data quality consistent with 

expectations. 
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Supplementary Fig. 3. KEGG and Gene Ontology (GO) enrichment analyses. a) KEGG 

over-representation analysis of differentially expressed genes for three contrasts: baseline APP 

mutation signature (APP vehicle vs. WT vehicle), aspirin effect in WT (WT aspirin vs. vehicle), 

and aspirin effect in APP (APP aspirin vs. vehicle). Bar length indicates significance as -log10 

false discovery rate (FDR). Synapse, axon, and neuronal signaling pathways are bolded and 

outlined. b-d) GO gene set enrichment analysis (GSEA) for the same three contrasts, showing 

the top ten enriched terms within biological process (BP), cellular component (CC), and 

molecular function (MF). The x-axis shows normalized enrichment score (NES). Bubble size is 

proportional to -log10(FDR); bubble color reflects NES (red, positive; blue, negative). 
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Supplementary Fig. 4. Synapse-related pathway enrichment. Bubble plots show GSEA results 

for synapse-related MSigDB gene sets across WT aspirin vs. vehicle, APP aspirin vs. vehicle, and 

APP vehicle vs. WT vehicle contrasts. Bubbles are colored by normalized enrichment score (NES; 

red indicates positive enrichment, blue indicates negative enrichment) and bubble size denotes 

statistical significance (-log10FDR). Pathways with FDR<0.05 are shown with opaque bubbles; 

pathways with FDR≥0.05 are shown with transparent bubbles. 
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Supplementary Fig. 5. Axon-related pathway enrichment. Bubble plots show GSEA results for 

axon-related MSigDB gene sets across WT aspirin vs. vehicle, APP aspirin vs. vehicle, and APP 

vehicle vs. WT vehicle contrasts. Bubbles are colored by normalized enrichment score (NES; red 

indicates positive enrichment, blue indicates negative enrichment) and bubble size denotes 

statistical significance (-log10FDR). Pathways with FDR<0.05 are shown with opaque bubbles; 

pathways with FDR≥0.05 are shown with transparent bubbles. 

 

 



 

Supplementary Fig. 6. Neurotransmitter-related pathway enrichment. Bubble plots show 

GSEA results for neurotransmitter-related MSigDB gene sets across WT aspirin vs. vehicle, APP 

aspirin vs. vehicle, and APP vehicle vs. WT vehicle contrasts. Bubbles are colored by normalized 

enrichment score (NES; red indicates positive enrichment, blue indicates negative enrichment) and 

bubble size denotes statistical significance (-log10FDR). Pathways with FDR<0.05 are shown with 

opaque bubbles; pathways with FDR≥0.05 are shown with transparent bubbles. 
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Heatmap of Z−scores for significant genes identified across multiple GTEx tissues
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Supplementary Fig. 7. Tissue-specific S-PrediXcan results. Heatmap of S-PrediXcan Z-scores 

across GTEx tissues for genes significant in more than one tissue. Rows indicate genes and 

columns indicate tissues. Color denotes Z-score magnitude and direction (Z>0: higher genetically 

predicted expression associated with increased AD risk; Z<0: higher genetically predicted 

expression associated with decreased AD risk). The rightmost “Average” column reports each 

gene’s mean Z-score across tissues with non-missing estimates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 1. AD-associated genes represented in TWAS-derived transcriptomic 

signatures and supporting evidence.  

 
† Due to high linkage disequilibrium in the HLA region, locus-level associations cannot reliably 

be resolved to a single causal gene. 

 

 

Gene Evidence type References 
ABCA7 GWAS locus 1,2 
CD2AP GWAS locus, TWAS risk gene  1–5 
CD33 GWAS locus; TWAS risk gene  1–3,6 
HLA-DQA1† GWAS locus 7 
HLA-DRB1† GWAS locus 1,2 
MS4A4A GWAS locus; TWAS risk gene  3,6,8 
MS4A6A GWAS locus; TWAS risk gene 1,2,6  
PICALM GWAS locus; TWAS risk gene 1–4,6,9 
ACE TWAS risk gene 4,10 
APOC1 TWAS risk gene 5 
BIN1 GWAS locus; TWAS risk gene 1–3,6,8,9 
HLA-DQA2† TWAS risk gene 11 
PVR TWAS risk gene 6,8,11 
TOMM40 TWAS risk gene 6,11,12 
DMWD TWAS risk gene 6,11 
HLA-DRB5† GWAS locus 1 
ADAM10 GWAS locus 2 
HLA-DRA† Gene-based GWAS association 2 
HLA-DQB2† Candidate risk gene at GWAS locus 1,13 
CLU GWAS locus; TWAS risk gene 1–3,6 
IRF2BP1 TWAS risk gene 11 
CLPTM1 TWAS risk gene 6,11 
TREM2 GWAS locus; TWAS risk gene 2,5  
APOE GWAS locus; TWAS risk gene 1,2,8,9,11 
CR1 GWAS locus; TWAS risk gene 1–3,6,11  
PTK2B GWAS locus; TWAS risk gene 1,2,6,8 



Supplementary Table 2. Characteristics of matched patient cohort for MarketScan claims 

data case-control study. 

Clinical characteristics MarketScan 
(N = 248,961) 

AD status Case (AD) Control (no AD) 
N 82,987 165,974 

Mean age at last follow-up (s.d.) 85.6 
(7.1) 

84.2 
(7.2) 

Sex (%)   

Female 65.1 65.1 
Male 34.9 34.9 

Comorbidities (%)   

Cardiovascular disease 52.1 46.6 
Cerebrovascular disease 35.9 26.7 
Rheumatoid arthritis 3.4 3.9 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 3. AD outcomes in VUMC, All of Us, and MarketScan datasets. 

Clinical 
characteristics 

VUMC 
(N = 19,413) 

All of Us 
(N = 1,995) 

MarketScan 
(N = 248,961) 

Aspirin Exposed Unexposed Exposed Unexposed Exposed Unexposed 

AD diagnoses (N) 152 387 – – 196 82,791 

Mean age of AD 
diagnosis among 
AD cases (s.d.) 

76.1 
(3.9) 

76.7 
(4.0) 

76.0  
(2.2) 

76.8 
(2.7) 

85.6 
(7.2) 

84.2 
(7.2) 

 
*Participant counts for the NIH All of Us Research Program data are not reported if between 1 and 

20, in compliance with data privacy and reporting restrictions set by All of Us. 
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