Workflow of Drug Target Mendelian Randomization (MR) in Alzheimer’s Disease
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Supplementary Fig. 1 The workflow of MR analysis. The process begins with the selection
of instrumental variables (IVs) from pQTL and eQTL datasets across multiple human brain
biobanks. Exposure selection focused on 1,229 druggable targets characterized by strong
binding affinities (gray background). The analysis utilizes seven AD GWAS datasets, applying
various MR models according to the number of 1Vs (light red background). The alzMR scores
were designed by Z-statistics to prioritize the top targets for AD (blue background).



a) Performance of gene ranks using alzMR scores
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Supplementary Fig. 2 Assessment of gene ranking performance and correlation
based on simulations. a. Performance of gene ranking using Z-statistic-based alzMR
scores. The heatmap illustrates the proportion of correct estimations (y-axis) for each true
rank (x-axis) of a gene, with color intensity indicating the estimated rank. b. Spearman
correlation between estimated and true ranks. c. Distribution of correctly estimated gene
ranks. The y-axis displays the proportion of correctly estimated ranks, while the x-axis
shows the true rank of genes.
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Supplementary Fig. 3 Sensitivity analysis between clinically diagnosed
AD and proxy-AD cohorts. a. Correlation of the alzMR score (left panel)
and the normalized score (right panel) between proxy and non-proxy AD
cohorts. b. QQ plot compares observed and expected Cauchy P-value for
proxy (purple) and non-proxy (orange) cohorts. ¢. The correlation between
Cauchy P-values for proxy and non-proxy cohorts.
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Supplementary Fig. 4 Summary of results across five Mendelian
randomization (MR) methods. a. The upset plot showing the intersections
of significant drug targets among 5 MR models. b. The bar plot shows
alzMR score for 19 drug targets across 5 MR models for European ancestry
(EA). c. The bar plot shows alzMR score for 7 drug targets across 5 MR
models for African ancestry (AA).
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Supplementary Fig. 6 Fine-mapping analysis of druggable targets
in AD. The graph showed the fine-mapping causal probability
(FOCUS-PIP) values of various druggable gene targets for AD across
different datasets. Each point represents a gene. The color for each
point denotes one AD-GWAS dataset, and different shapes
representing eQTL datasets. The plot highlighted the label text
exclusively for the data point with the highest PIP value across the 7
AD GWAS datasets.
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Supplementary Fig. 7 Cell-type specific MR results across 6 AD GWAS datasets with EA.
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Supplementary Fig. 8. This presents the selected structural complexes of
drug targets, highlighting potential druggability for identified targets in

EA. The structure complexes show the targets (wheat color) and their
corresponding drugs (cyan color) that highlighted in Figure 3c.
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Supplementary Fig. 9 The correlation between the alzMR score (upper panel),
normalized alzMR score (lower panel) and the number of significant MR results at
FDR < 0.05. The points denote 1,229 druggable targets for AD. Red points denote the
antagonistic targets and green point denote agonistic targets.



a 5| (26.3%)
O 4
@ ]538‘V
5 3\ ”
0
(O]
@ 2
g
£ 1 1 1 1 1 1 1 1 1 1 1(53%)
JATBRENRNNNNND
2 (10.5%)[l Tau ® [
3(15.8%)I Vasculature
3 (15.8%)l Microglia ®
5 (26.3%) I Metabolism
7 (36.8%) I Inflammation [
8 (42.1%)Jl Neuromodulation o
9 (47.4%) N Amyloid @ [ [
I E—|
5 0
b 3
Vi o)
30(42:9%)
0 2.5
N
(%]
2 2.0
S
g) 1.5 -
o (o)
5104 1 1 1 1(143%)
=
0.0 -
1(14.3%) NO-annotation o
1(14.3%)|} Inflammation
2 (28.6%) N Tau o
2 (28.6%) N Amyloid
4 (57.1%) N Metabolism @
I E—— |
2.5 0.0
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Supplementary Fig. 11 MR results for EPHX2 are validated by four MR
methods in human cortex region across four AD GWAS datasets. Seven
Instrumental variables (IVs) were extracted from the ROSMAP pQTL dataset.
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Supplementary Fig. 12 Conditional analysis of EPHX2 pQTL mutations. a The
conditional SNP is rs1532278, which is the lead-SNP associated with CLU. "Original" refers
to the -log4o(p-value) from the originally published GWAS summary statistics data;
"conditional" refers to the -log,q(p-value) after the conditional analysis using SNP rs1532278.
b The scatter plot showed conditional P values for two GAWS datasets. We highlight a set of
lead SNPs (identified in multiple publications) at the CLU locus, which were used as
conditional SNPs for analysis.
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Supplementary Fig. 14 The PheWAS results for EPHX2 IVs rs2741342 and rs751141 are
presented. The data points represent 624 human diseases based on ICD10 codes from UK-
biobank cohort with colors denoting different ICD10 categories. Up-triangles represent a beta
coefficient of PheWAS >0, indicating a positive association between EPHX2 IV and a specific
disease; the down-triangles denote the beta coefficient of PheWAS < 0, indicating a negative
association between EPHX2 |V and a specific disease. The purple dashed line shows a
significant cutoff at FDR < 0.05 (-log+o(P) = 4.08); ); and red dash line showed the genome-
wide significant cutoff at 5e-8.



AD Bellenguez, 2022

rs1532278 &
30+ °

20-

% rs751 14.‘L Y
10{ 2 .r32741342 CQ‘ ’

_Iog10(PGWAS)

27.2 27.3 27 .4 275
Position Mb

LOAD.NoUKB23 Wightman, 2021

rsi 532278'{

=10g,4(Pgyns)

279 57.3 27.4 275
Position Mb

LOAD Wightman.No23, 2021
rs1532278g
L

rs2741342
101 \, rs751141
/

297 27.3 27.4 275
Position Mb

ily.Htx.AD
%mlgrtz)e(ntru ber, 2021

rs1i 532278.,
rs751 1 41

275 973 27.4 275
Position Mb
AD Jansen, 2019
rs1532278 &
15-
10 ¥ rs274134 o
11398751147,
__‘_.___‘1 __3\___
5] ¥ ° B d O .,
°.O =) 4 e ...
(X ) ® 0#’\
0.
272 27.3 27 .4 27.5

_|°910(Ppo‘r|.)

12
8

4
o,

Position Mb

Supplementary Fig. 15 Fine-mapping of lead SNPs at EPHX2 locus.

Y axis shows the GWAS p value across 5 AD GWAS datasets. X axis
shows the genome position based on hg19. The gradient color denotes the
p value alteration in ROSMAP.AIl pQTL dataset.
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Supplementary Fig. 16 The genome-wide significant loss-of-function
variant rs751141 disrupts binding affinity between EPHX2 and TPPU. a.
Forest plot shows MR results for EPHX2 based on Wald ratio method. The
variant rs751141 pQTL data was used as Instrumental variable (1V). b Protein
structural model of EPHX2-TPPU complex (PDB: 40D0). Loss-of-function
mutation p.Arg287GIn (rs751141) was highlighted by red color. The orange
shadow highlights the binding surface of EPHX2 with TPPU. ¢ Root-mean-
squared deviation (RMSD) shows the EPHX2-TPPU complex alteration with
and without p.Arg287GIn mutation. Color orange and blue indicates native and

p.Arg287GIn mutant systems, respectively. Molecular dynamics (MD)
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Supplementary Fig. 17 Overexpression system of EPHX2-wildtype and p.Arg287Gin
mutants in AD patient induced pluripotent stem cells (iPSCs)- dereived neurons. a. The
schematic diagram of TALEN system. b. Western blotting results showed doxycycline (Dox)
inducible overexpression of EPHX2 wild-type and p.Arg287GIn mutants in AD patient iPSC-
derived neurons. The “+” and “~” denote the neuron medium with or without Dox added.
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Supplementary Fig. 18 Cognitive function was tested in wildtype rats (n = 14) and
TPPU treated (n = 7) rat model of AD (TgF344-AD) using an eight-arm water maze.
Four trails were conducted 2 and 24 hrs after the initial training period over two days.
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Supplementary Fig. 19. Single-nucleus transcriptome sequencing
analysis of EC5026-treated mouse brain samples. a. UMAP clustering of
cell types in EC5026-treated mouse brain samples. Excit-neurons:
excitatory neurons; ODC: oligodendrocytes; OPC: oligodendrocyte
precursor cells; Endo: endothelial cells. b. Dot plot showing the marker
genes for each cell type. ¢-d. Pathway enrichment analysis for down-
regulated genes (left) and up-regulated genes (right) comparing EC5026-
treated samples to controls across 7 cell types.
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Supplementary Fig. 20 Using propensity score matched survival analyses based on two
drugome-wide association studies (DWAS) models. We investigated the associations between
medication possession ratios (MPRs) and time to AD. Abs: high exposure (MPR >0.25) vs. low
exposure (MPR <0.25). Rel: relative high exposure (MPR >25% quantile of the corresponding
drug’s MPRs) vs. relative low exposure (MPR <25% quantile of the corresponding drug’s MPRs).
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Supplementary Fig. 21 This presents the selected structural complexes
of drug targets, highlighting potential druggability for identified targets in
AAs. The structure complexes show the targets (wheat color) and their
reported drugs (cyan color) that highlighted in Figure 6c.
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Supplementary Fig. 22 The forest plot shows Mendelian randomization (MR) results
of TRPV3 and ALDH2 using AA-specific eQTL. 7 AD GWAS datasets (AA-model1 [M1]
AA-model2 [M2] and 5 EA) were tested by IVW method.
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Supplementary Fig. 23 TRPV3 expression level in 46 human
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Supplementary Fig. 24 The relationship among TRPV3 and DHFR expression and
4 dcfdx score. Mann-Whitney U test was performed for statistical analysis at P < 0.05.
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Supplementary Fig. 25 The network shows MR results in non-brain tissues for
Alzheimer’s disease (AD). The edges indicate significant MR results (FDR < 0.05) when the
IVs of the genes (drug targets, circles) from specific non-brain tissues (diamonds) are
analyzed for the AD outcome (Bellenguez et al., 2022). The color represents the B-coefficient
of the MR results.



