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Supplement Figure1. Common structures extracted from the identified ApoE4 binders: sulfon-amine-benzene (a), 1,2-benzisothiazol-3-amine 1,1-dioxide (b), N-phenylbenzamide (c), furan-amino-benzene (d) were obtained from four large groups of candidates.  The putative ApoE4 binders (yellow) and surface of ApoE4 protein (white) was displayed using ICM. Crystal ligand binding pocket (LBP), sub pocket 1 (P1), and sub pocket 2 (P2) were labelled.
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Supplement Figure2.  Sulfon-amine-benzene (common structure 1) might occupy the main ligand binding pocket by the benzene group via hydrophobic interactions or VWD forces with the residues.The 2D illustration of the interaction between sulfon-amine-benzene and ApoE4. The image is annotated with hydrogen bonds and interacting residues. The residue interaction surface and proximity are represented by the size of the residue label and distance, respectively. Grey parabolas and broken thick lines indicate solvent accessible regions and the ligand is shaded by property. Here are the meanings of colors, lines, and sizes shown in the 2D interaction diagram (same in supplement figure 3, 4 and 5): 1) Green shading represents hydrophobic region; 2) Blue shading represents hydrogen bond acceptor; 3) White dashed arrows represent hydrogen bonds; 4) Grey parabolas represent accessible surface for large areas; 5) Broken thick line around ligand shape indicates accessible surface; 6) Size of residue ellipse represents the strength of the contact; 7) 2D distance between residue label and ligand represents proximity.
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Description automatically generated] Supplement Figure 3. 1,2-benzisothiazol-3-amine 1,1-dioxide (Common structure 2) might fully occupy the main binding pocket
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Supplement Figure 4. N-phenylbenzamide (Common structure 3) might fit the main pocket and the sub pocket 2.
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Supplement Figure 5. Furan-amide-benzene (Common structure 4) binds to ApoE4.
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Supplement Figure 6. Network of top 20 Alzheimer’s disease associated genes. the top 20 genes were identified based on the GDA score and the corresponding gene network. This figure includes a brief description of the physiological roles of these genes and their proteins, as well as their ranking based on the CytoHubba analysis. As mentioned, APP is the most important gene, with FDA-approved antibody therapies targeting amyloid-beta. Meanwhile, ApoE ranks as the second most important gene among the well-known AD targets. 
Genes list and their physiological role in AD:

1. ACE (angiotensin I converting enzyme) - This enzyme plays a role in blood pressure regulation and the renin-angiotensin system. Due to its effect on cerebral blood flow and amyloid-beta metabolism, it has been implicated in Alzheimer's disease (Kehoe, 2018).
2. APP (amyloid beta precursor protein) - APP is a transmembrane protein that is cleaved to generate amyloid-beta peptides, which aggregate to form amyloid plaques, the defining characteristic of Alzheimer's disease (Selkoe, 2001).
3. ADAM10 (ADAM metallopeptidase domain 10) - This enzyme prevents the formation of amyloid plaques by cleaving APP within the amyloid-beta domain (Kuhn et al., 2010).
4. GSK3B (glycogen synthase kinase 3 beta) is a kinase that participates in multiple signaling pathways, including tau phosphorylation. Important to Alzheimer's disease pathology is abnormal tau phosphorylation (Hernandez et al., 2010).
5. HFE (homeostatic iron regulator) - This protein is involved in iron homeostasis, and mutations in the HFE gene have been linked to Alzheimer's disease due to its potential function in amyloid-beta aggregation (Belaidi & Bush, 2016).
6. APOE (apolipoprotein E) is a lipid transport protein that is essential for cholesterol metabolism. The APOE4 allele contributes to amyloid-beta deposition and is a well-known risk factor for late-onset Alzheimer's disease (Huang & Mucke, 2012).
7. MAPT (microtubule-associated protein tau) encodes the microtubule-stabilizing protein tau. Tau becomes abnormally phosphorylated in Alzheimer's disease, resulting in the formation of neurofibrillary tangles (Iqbal et al., 2010).
8. TREM2 (triggering receptor expressed on myeloid cells 2) is an immune receptor that mediates the activation and phagocytosis of microglia. TREM2 variants are associated with an increased risk of Alzheimer's disease, suggesting that immune dysfunction contributes to disease pathogenesis (Ulland & Colonna, 2018).
9. PSEN1 (presenilin 1) - PSEN1 is part of the gamma-secretase complex, which cleaves APP to produce amyloid-beta peptides. Sherrington et al. (1995) found that mutations in PSEN1 are associated with early-onset familial Alzheimer's disease.
10. PLAU (plasminogen activator, urokinase) is involved in fibrinolysis and remodeling of the extracellular matrix. It is believed to play a role in Alzheimer's disease by affecting amyloid-beta clearance and the integrity of the blood-brain barrier (Tucker et al., 2000).
11. BACE1 (beta-secretase 1) - BACE1 is the beta-secretase enzyme that cleaves APP into amyloid-beta peptides. Due to its function in amyloid-beta synthesis, BACE1 is a significant drug target for Alzheimer's disease (Vassar et al., 1999).
12. IDE (insulin-degrading enzyme) degrades insulin and other substrates, including amyloid-beta. Due to its role in amyloid-beta clearance, IDE dysfunction has been linked to Alzheimer's disease (Kurochkin & Goto, 1994).
13. Interleukin 1 beta (IL1B) - IL1B is a pro-inflammatory cytokine involved in immune responses. Due to its involvement in neuroinflammation and promotion of amyloid-beta production, it has been linked to Alzheimer's disease (Shaftel et al., 2008).
14. The insulin receptor participates in glucose metabolism and insulin signaling. Alzheimer's disease has been linked to impaired insulin signaling, which is commonly referred to as "type 3 diabetes" (de la Monte & Wands, 2008).
15. LEP (leptin) - Leptin is a hormone that regulates the body's energy balance and weight. By modulating amyloid-beta metabolism, it may have neuroprotective effects and play a role in Alzheimer's disease (Greco et al., 2010).
16. NPY (neuropeptide Y) - NPY is a neuropeptide involved in a variety of physiological processes, including regulation of metabolism and stress response. It has been postulated that NPY plays a role in Alzheimer's disease by modulating neuroinflammation and promoting neuronal survival (Ferreira et al., 2015).
17. BCL2 (BCL2 apoptosis regulator) is a crucial anti-apoptotic protein that regulates cell death. Dysregulation of BCL2 expression has been linked to increased neuronal vulnerability and apoptosis in Alzheimer's disease (Czapski et al., 2012).
18. BDNF (brain-derived neurotrophic factor) is a neurotrophin that promotes the survival, differentiation, and plasticity of neurons. Alzheimer's disease has been associated with decreased BDNF levels, and it has been proposed as a potential therapeutic target (Nagahara et al., 2009).
19. CASP3 (caspase 3) - CASP3 is an apoptosis-involved executioner caspase. In Alzheimer's disease, increased CASP3 activation suggests that apoptosis contributes to neuronal loss (Rohn et al., 2001).
20. IGF2 (insulin-like growth factor 2) is necessary for cell proliferation, differentiation, and survival. It has been postulated that it protects against Alzheimer's disease by promoting neuronal survival and decreasing amyloid-beta toxicity (Carro et al., 2002).
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