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INTRODUCTION

* Alzheimer’s disease (AD) is a multifactorial disorder driven by dysregulation of
several molecular pathways.

Disease risk and progression are strongly modulated by biological sex, endocrine

aging, and apolipoprotein E (APOE) genotype, yet current therapeutic discovery

strategies rarely account for these factors or computationally evaluate drug

combinations.

We developed an integrative computational framework to prioritize precision drug
combinations for AD by jointly modeling network topology, pathway-level disease

perturbation, and null-controlled drug simulation effects.
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Brain RNAseq to select Differentially Expressed Genes (DEGs)

For 15-month acyclic APOEe4/e4 (E4) vs 9-month regular APOEe3/e3 (E3)

DEGs mapped onto an APOE4-endocrine-age-specific AD protein-
protein interaction (PPI) network using high-confidence interactors.

Network topology metrics to prioritize non-hub bridge nodes as
pharmacological targets.
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VALIDATION IN REAL-WORLD CLAIM INSURANCE DATA

« US-based PearlDiver-Mariner insurance claims database (~170M patients) was used to
evaluate whether top ranked candidate drug pairs were associated with reduced AD risk.

 Women with a menopausal disorder diagnosis (ICD10-N95.x) were included.

« Treated vs Untreated cohort was matched by age, cci, and comorbidities (diabetes,
hypertension, cerebral vascular disease, renal disease, other cerebrovascular disease

 Relative risk ratios with 95% confidence intervals were calculated to evaluate associations

between drug

pair exposures and overall AD incidence.

RESULTS

Starting from 984 DEGs

Nodes 4,594

Edges 66,066 o

DEGs 522

Up-regulated DEGs 294

Down-regulated DEGs 228

Hubs (80th %ile) 896
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Top 20 drugs ranked by CombinedScore
and network targets
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2,141 significant
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Lowest Ranked

159,330 drug pairs candidates for repositioning
Drug Pairs: Top 20 + bottom 10 by Netowork-based CompositeScore
#1 Insulin glargine + Stiripentol—| 0.87 0.92 1.00 0.91
#2 Nitroprusside + Stiripentol—|  0.92 0.84 1.00 0.91
#3 Insulin glargine + Butalbital-| 0.83 0.95 1.00 0.91
#4 Lorazepam + Nitroprusside - 0.92 0.83 1.00 0.90
#5 Nitroprusside + Brexanolone—| 0.91 0.83 1.00 0.90
#6 Nitroprusside + Remimazolam -| 0.91 0.83 1.00 0.90
#7 Nitroprusside + Clobazam —| 0.91 0.83 1.00 0.90
#8 Nitroprusside + Ganaxolone =| 0.91 0.83 1.00 0.90
#9 Insulin glargine + Lorazepam -| 0.86 0.89 1.00 0.90
#10 Insulin glargine + Clobazam -{ 0.86 0.89 1.00 0.90
#11 Insulin glargine + Brexanolone—| 0.86 0.89 1.00 090 |r1.0
#12 Insulin glargine + Remimazolam—| 0.86 0.89 1.00 0.90
#13 Insulin glargine + Ganaxolone—={ 0.86 0.89 1.00 090 || 08
#14 Insulin glargine + Secobarbital< 0.82 0.95 1.00 0.90
#15 Insulin glargine + Nitroprusside—| 0.79 0.98 1.00 0.90 0.6
#16 Insulin glargine + Scopolamine—| 0.82 0.92 1.00 0.89 | 04
#17 Insulin glargine + Magnesium carbonate-] 0.81 0.93 1.00 0.89
#18 Nitroprusside + Midazolam - 0.87 0.84 1.00 0.89 0.2
#19 Lorazepam + Tovorafenib -{ 0.79 0.95 1.00 0.88
#20 Nitroglycerin + Stiripentol-| 0.85 0.85 1.00 088 |--0.0
#2240 Nitric Oxide + Isosorbide =|  0.71 0.00 0.03 0.00
#2241 Oxybenzone + Eslicarbazepine acetate =  0.71 0.24 0.00 0.01
#2242 Phenelzine + Eugenol | 0.68 0.02 0.00 0.06
#2243 Phenelzine + Norgestimate 5|  0.75 0.02 0.01 0.07
#2244 Sapropterin + Norgestimate | 0.71 0.13 0.00 0.08
P a i rs #2245 Sapropterin + Sparsentan -  0.71 0.13 0.00 0.08
#2246 Nitric Oxide + Eslicarbazepine acetate |  0.71 0.06 0.00 0.09
#2247 Oxybenzone + Nebivolol -  0.70 0.06 0.00 0.09
#2248 Nitric Oxide + Nebivolol o  0.70 0.02 0.03 0.10
#2249 Nitric Oxide + Norgestimate o|  0.74 0.02 0.03 0.10
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Simulation of drug pair actions in pathways
Accounting for direction of drug action and
mitigation of DEG signature

@CIBS

m
[=]

28

23

21

21

20

8
[
9
7
8
2

13

1"

o ® © © o

N oA N s o

Example of Drug Pair Action in a KEGG pathway

MAPK signaling pathway (hsa04010) Simulation input subgraph
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Female

N = 95,260,691

Women with a Menopausal
Disorder Diagnosis

N = 8,388,144
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« We present an integrative framework that prioritizes precision drug combinations
for a female APOE4-, endocrine-, and age-specific disease state.

« APOE4 females show accelerated endocrine aging and the highest Alzheimer's
risk when menopause is early, supporting midlife as a critical intervention window?

« Top combinations converge on a neurosteroid/GABAergic x heparin axis that is

Allopregnanolone, a GABA-A-acting neurosteroid,

promotes neurogenesis and is in clinical development as a regenerative

paralleling the brexanolone/ganaxolone high

« Heparin resulted as the most frequent drug in highly ranked pairs. To support this
finding, heparin therapy was associated with a ~1-year delay in AD diagnosis in
two large US health systems*, mirroring our claims-based protective association.

« Recurrent statin and insulin partners align with sex- and genotype-modified statin-
AD associations® and metabolic-endocrine contributions to risk, reinforcing a
multi-system, precision-medicine view.

149

0.0166 0.77 (0.62 - 0.95)

0.0191 0.76 (0.60 - 0.96)

0.0227 0.54 (0.32-0.92)

ranked
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