
An integrative Multi-Omics Approach to Identify Cell-Type Specific Causal Genes and Druggable 

Targets for Alzheimer's Disease in silico 

 

Student: Siqi Zhou; Supervisor: Yizhou Yu, L. Miguel Martins; Martin’s Lab, MRC Toxicology Unit, University of Cambridge 

 

 

Background  

 

Alzheimer’s disease (AD) is a complex neurodegenerative disorder afflicting 50 million people globally; patients survive 

an average of seven years post-diagnosis. However, no effective therapy to date exists for its cure. There is a pressing 

necessity to identify novel targets for effective therapies, a process that can be greatly accelerated by computational 

methods that access multiple layers of biological evidence and build on vast ready drug-gene interaction datasets. 

 

Mendelian randomization (MR) is a powerful statistical method that establishes causal relationships between exposures 

and outcomes, by inferring causation instead of relevance by proxy to randomized controlled trials. Single-cell RNA 

sequencing (scRNA-seq) has revolutionized our understanding of cellular heterogeneity, providing an extensive yet 

detailed expression landscape at individual cell level. High-res sequencing unveils varying cell subpopulations and 

dynamic changes that underlie various biological processes and diseases, critical in drug targeting and administration.  

 

This project combines previously generated MR results with transcriptomic analysis, and build upon newly generated 

GWAS, single cell RNA-seq, and proteomic data to identify cell-type specific causal genes with a causal contribution to 

Alzheimer's disease, highlights tissue specific genes at critical points of regulation in both transcription and translation, 

and identify those with druggable potential. Together, we find 51 known or novel locus of AD with 5 potential drug 

repurposing targets, and highlight the potential of several anti-cancer drugs on BRD2 in AD treatment. This 

computational pipeline will be taken to publication. In vivo tests of the aforementioned drugs in Drosophila AD models 

are under development as the next step. 

 

 

Results 

 

MR analysis. In our extensive MR screen, we used tissue-specific expression quantitative trait loci (eQTLs) from 109 

tissues to potential causal relationships between gene expression and AD outcome. The preliminary screen pinpointed 

brain and blood tissues with the most significant enrichment for causal exposures. A subsequent screen incorporating 

single-cell resolution QTL data yielded 68 brain-specific and 146 blood-specific AD-associated exposures (p<5*10-8), 

implicating 45 and 88 genes in distinct cell types in the brain and blood. 

 

scRNA-seq. To validate single-cell eQTL results, regression tests between clinical AD status and genetic variants were 

conducted in two separate brain and blood scRNA-seq datasets (Figure 1A,B). In brain post-mortem section represented 

by dorsal-lateral prefrontal cortex (DLPFC), 12 protein-coding genes and one diverse transcript showed significance in 

AD status and progression (Figure 1C,D). The peripheral blood mononuclear cells (PBMC) highlight a richer set of 38 

transcripts from 36 protein genes and 2 antisense lncRNA, which will be discussed further in the discussion section 

(Figure 1E). In DLPFC, astrocytes showed notable changes, and CD4 and CD8 lymphocytes were predominantly altered 

among PBMC.  

 

Pathway analysis. Protein-Protein Interaction (PPI) networks of the two gene sets were constructed using the STRING 

database (Figure 2). Both scRNA-seq datasets indicated a heightened enrichment in gene interaction (DLPFC, p=6.48e-

05; PBMC, p=0.00143), with most edges connected by co-expression or genetic neighbourhood; both show centres of 

enrichment around the chr17:q21.31 locus. We also identified multiple proteins in specific biological processes like the 

MHC II and NSL transcription complex. 



 

Drug identification. Quality control measures were employed to ensure consistency in drug issuing. 26 genes were 

selected for consistent direction of effect across 1) cell types, 2) tissue types, 3) MR meta-analysis methods. High-

potency functionally interactive or binding drug-gene interactions were identified based on the Chembl Database 

(Szklarczyk et al., 2015), and filtered referring to methods provided by the python drug2cell package (Kanemaru et al., 

2023). In the prioritized gene list, 21 drug-gene interactions indicate 6 genes (MAPT, CRHR1, BRD2, RPS15, MARK4, 

PHKG2) with reported drug-gene interaction where drugs have entered clinical trials, as detailed in Table 1. 

 

Proteomic integration. We cross-referenced transcriptome results with available proteome expression data (Haytural et 

al., 2021). Despite the statistically significant RNA-level changes in 17 genes, only 6 exhibited alterations at the protein 

level, suggesting the potential of RNAi therapeutics. Interestingly, genes including MAPT present divergences between 

RNA and protein changes during AD progression, which implicate extra regulatory layers during AD pathogenesis.  

 

 

Discussion 

 

MR and scRNA-seq results. The three predominant hypotheses for AD include the tau hypothesis, the amyloid cascade 

hypothesis, and the less understood autoimmune hypothesis, suggesting that AD can be initiated by Blood Brain Barrier 

(BBB) dysfunction and leukocyte infiltration (Montagne et al., 2017; Arshavsky, 2020). We find key AD-causal genes in 

the immune response pathway, including HLA-DQA1/2 and PICALM, and several other immune response genes 

including BIN1, FCER1G, BCKDK, and QPCTL at both tissue and single-cell resolutions, which support the hypothesis 

that an immune response promoting leukocyte proliferation and migration during BBB dysfunction may initiate amyloid-

beta and tau turnover as well as neuroinflammation. 

 

We report several novel SNPs that significantly increase AD risk (reporting Odds Ratio as high as 6.23×1013) which will 

be further discussed in the paper to be published.  

 

PPI. We reiterate the significance of the established genetic locus chr17:q21.31, especially KANSL1, in AD etiology. We 

also report TOMM40, located adjacent to the CSF biomarker APOE on chromosome 19, as causal, both of which are 

closed related to in mitochondrial dynamics; TOMM40 moreover shows potential interaction with immune-response 

gene PICALM (co-expression score=0.042, from GEO microarray and String). This, combined with the fact that the three 

AD hypotheses are not mutually exclusive, lead us to believe that higher level dysregulation may occur prior and leading 

to the immune response or tau cascade, such as within the fractal globule.  

 

Indeed, chromatin dysregulation is evident with our findings on causal downregulation of ERCC2 and ERCC3 in the 

DNA repair factor XPD, co-expressing subunits CD3EAP of RNAP I, and DNA helicase Q4 subunit RECQL4, indicating 

compromised nuclear excision repair mechanism in AD patients. This is complemented by the causal roles of BRD2 

and CTD-2020K17.3 (antisense to FMNL1) in chromosomal interactions, where FMNL1 is recently discovered as a 

tissue-specific non-expressing distal regulatory element to MAPT and MAP3K14 (Rogers et al., 2023).  

 

Druggability. Amongst 6 genes that encode for efficacy targets of approved or clinical-phase drugs, BRD2, in line with 

our chromatin dysfunction prediction, shows high potential for drug repurposing. As a DNA remodeling factor that 

protects against H4 acetylation, our analysis suggests BRD2 exposures increase AD risk (OR=12.559, beta=2.84e6, 

expression fold change=0.02). Its expression can be inhibited by potent small molecules, including but not limited to 

Birabresib, Molibresib, and RO-6870810 to treat hematologic solid tumor and MYC dysregulation (Lewin et al., 2018; 

Cousin et al., 2022; Piha-Paul et al., 2019; Shapiro et al., 2021; Dickinson et al., 2021], and Apabetalone aimed at 

treating patients with diabetes and acute coronary syndrome (Nicholls et al., 2021). Another small molecule, JQ1, 

already shows potential in improving cognitive performance in APP mice models (Benito et al., 2017). 

 



Limitations and future plans. Despite the effort to use the largest publicly available datasets, the power of statistical tests 

can be limited, especially by the number of individuals involved, as such with PBMC scRNA-seq which is severely 

lacking in large-scale studies compared to that of the AD post-mortem brain. The difference in significance in proteome 

and transcriptome expression also suggests the need for enriching proteomic data.  

 

Having established the potential of BRD2, we plan to verify the effect of identified drugs in the Drosophila or mice ADD 

models. Both behavioral and molecular measurements would be conducted to measure if identified drugs can extend 

lifespan, mitigate memory loss, improve behavioral patterns, and restore cellular conditions including mitochondria 

potential. Taken together, the in silico MR and scRNA modeling and in vivo experiments would form a pipeline for 

developing and repurposing drugs for neurodegeneration. 

 

 

  



Figures and Tables 

 

 

Figure 1. After stringent filtering, batch alignment and clustering, models were corrected for age, sex, and apoe 

genotype, and adjusted for individual variability in mixed-effect models. A, B) DLPFC and PFC cell type distribution. 

Boths tissues have been linked to early deterioration in late-onset Alzheimer’s disease (Hyman et al., 1984; 

Giannakopoulos et al., 1997; Kaye et al., 1997; Esteras et al., 2016; Leuner et al., 2012; Mahapatra et al., 2023; Tan et 

al., 2007). C) DLPFC scRNA records regressed with regard to braak stage, or AD progression D) DLPFC scRNA records 

regressed with regard to AD status (AD: braak stage >= 3; control: braak stage < 3) E) PBMC scRNA records regressed 

to AD status. OR and beta are reported by MR analysis results, p values, 95% confidence interval, and coeff. of transcript 

level change reported by normalized and scaled scRNA-seq 10x genomic reads. 
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Figure 2. Protein-Protein Interaction Network as calculated by STRING database. Cyan: known interaction from curated 

databases; magenta: experimentally determined interactions; green: gene neighborhood; red: gene fusions; blue: co-

occurance; light green: textmining; black: co-expression; light purple: protein homology. A) 16 protein coding genes and 

CD2AP corresponding to identified CD2AP-DT in DLPFC. B) 36 protein coding genes and 2 proteins corresponding to 

their identified antisense RNA. 

 

 

Figure 3. Count of drugs which are a) interacting with one of 26 potential drug targets and b) have a known direction of 

effect. Drug-gene interactions with known affinity but unknown effect are not reported in this graph. 
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420088 118904 51112 102752 6.62 Ki = 240 nM Ki Binding affinity towards human Corticotropin releasing factor receptor 1 by the displacement of [125I]CRF from CHO cellsB 124 8 CHEMBL664958 102752 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 102752 CRINECERFONT CHEMBL291657 3 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR

3433569 2381895 494923 515198 7.18 pIC50 = 66.07 nM IC50 Displacement of [125I]sauvagine from human recombinant CRF1 receptor expressed in CHO cellsB 124 9 CHEMBL1004666 515198 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 515198 EMICERFONT CHEMBL514270 2 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
3433570 2381932 494924 515198 7.14 pA2 = 72.44 nM Kd Antagonist activity at human CRF1 receptor expressed in CHO cells assessed as effect on sauvagine-induced cAMP productionF 124 9 CHEMBL1004667 515198 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 515198 EMICERFONT CHEMBL514270 2 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
3433571 2381933 494942 515198 Activity Activity Not ActiveAgonist activity at human CRF1 receptor expressed in CHO cells assessed as effect on cAMP production up to 10 uMF 124 9 CHEMBL1008014 515198 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 515198 EMICERFONT CHEMBL514270 2 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
3593875 2528492 501842 520543 8.35 IC50 = 4.5 nM IC50 Displacement of [125I]Tyr0-ovine CRF from CRF1 receptor in human IMR32 cellsB 124 9 CHEMBL994499 520543 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 520543 PEXACERFONT CHEMBL482950 3 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
3593876 15455721 1482271 520543 8.21 IC50 = 6.1 nM IC50 Antagonist activity at human CRF1 receptorB 124 9 CHEMBL3539309 520543 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 520543 PEXACERFONT CHEMBL482950 3 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
3593879 18000968 1653073 520543 Ratio IC50 > 29 Ratio IC50 Ratio of IC50 for displacement of ovine [125-I]-CRF from human CRF1 receptor expressed in CHO cell membranes with compound washout to IC50 for displacement of ovine [125-I]-CRF from human CRF1 receptor expressed in CHO cell membranes without compound washoutB 124 9 CHEMBL4002328 520543 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 520543 PEXACERFONT CHEMBL482950 3 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
3919199 9516721 809161 494834 7 pKi = 100 nM Ki active PUBCHEM_BIOASSAY: Navigating the Kinome. (Class of assay: other) Panel member name: MARK4F 101317 8 CHEMBL1963713 494834 DOVITINIB CHEMBL522892 3 Small molecule MAP/microtubule affinity-regulating kinase 4Homo sapiens CHEMBL5754 MARK4 GENE_SYMBOLKinase
4568021 3604367 685890 714326 7 pIC50 = 100 nM IC50 Antagonist activity at human recombinant CRF1 receptorF 124 9 CHEMBL1292646 714326 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 714326 VERUCERFONT CHEMBL1287935 2 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
4568022 3604375 685890 714326 8.2 pKi = 6.31 nM Ki Antagonist activity at human recombinant CRF1 receptorF 124 9 CHEMBL1292646 714326 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 714326 VERUCERFONT CHEMBL1287935 2 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
5130506 4516677 688171 94571 7.6 Potency = 25.1 nM Potency InconclusivePUBCHEM_BIOASSAY: qHTS for Inhibitors of Tau Fibril Formation, Fluorescence Polarization. (Class of assay: confirmatory) [Related pubchem assays: 596 ]F 103657 9 CHEMBL1614250 94571 DISULFIRAM CHEMBL964 4 Small molecule 94571 P03AA04 disulfiram Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
5130507 4516677 688171 94571 7.6 Potency = 25.1 nM Potency InconclusivePUBCHEM_BIOASSAY: qHTS for Inhibitors of Tau Fibril Formation, Fluorescence Polarization. (Class of assay: confirmatory) [Related pubchem assays: 596 ]F 103657 9 CHEMBL1614250 94571 DISULFIRAM CHEMBL964 4 Small molecule 94571 P03AA54 disulfiram, combinations Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
5130508 4516677 688171 94571 7.6 Potency = 25.1 nM Potency InconclusivePUBCHEM_BIOASSAY: qHTS for Inhibitors of Tau Fibril Formation, Fluorescence Polarization. (Class of assay: confirmatory) [Related pubchem assays: 596 ]F 103657 9 CHEMBL1614250 94571 DISULFIRAM CHEMBL964 4 Small molecule 94571 N07BB01 disulfiram Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
5850044 4527053 688171 373953 7.6 Potency = 25.1 nM Potency InconclusivePUBCHEM_BIOASSAY: qHTS for Inhibitors of Tau Fibril Formation, Fluorescence Polarization. (Class of assay: confirmatory) [Related pubchem assays: 596 ]F 103657 9 CHEMBL1614250 373953 CHLORQUINALDOL CHEMBL224325 4 Small molecule 373953 G01AC03 chlorquinaldol Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
5850045 4527053 688171 373953 7.6 Potency = 25.1 nM Potency InconclusivePUBCHEM_BIOASSAY: qHTS for Inhibitors of Tau Fibril Formation, Fluorescence Polarization. (Class of assay: confirmatory) [Related pubchem assays: 596 ]F 103657 9 CHEMBL1614250 373953 CHLORQUINALDOL CHEMBL224325 4 Small molecule 373953 R02AA11 chlorquinaldol Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
5850046 4527053 688171 373953 7.6 Potency = 25.1 nM Potency InconclusivePUBCHEM_BIOASSAY: qHTS for Inhibitors of Tau Fibril Formation, Fluorescence Polarization. (Class of assay: confirmatory) [Related pubchem assays: 596 ]F 103657 9 CHEMBL1614250 373953 CHLORQUINALDOL CHEMBL224325 4 Small molecule 373953 P01AA04 chlorquinaldol Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
5850047 4527053 688171 373953 7.6 Potency = 25.1 nM Potency InconclusivePUBCHEM_BIOASSAY: qHTS for Inhibitors of Tau Fibril Formation, Fluorescence Polarization. (Class of assay: confirmatory) [Related pubchem assays: 596 ]F 103657 9 CHEMBL1614250 373953 CHLORQUINALDOL CHEMBL224325 4 Small molecule 373953 D08AH02 chlorquinaldol Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
7456587 6335363 764455 1171281 8.4 IC50 = 4 nM IC50 Displacement of [125I]CRF from human corticotropin-releasing factor receptor 1 expressed in CHO-K1 cells after 2 hrs by gamma countingB 124 9 CHEMBL1821007 1171281 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 1171281 ONO-2333MS CHEMBL1819077 2 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
7456588 6335393 764454 1171281 7.4 EC50 = 40 nM EC50 Antagonist activity at human corticotropin-releasing factor receptor 1 expressed in CHO-K1 cells assessed as inhibition of CRF-induced cAMP production after 15 mins by enzyme immunoassayF 124 9 CHEMBL1821006 1171281 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 1171281 ONO-2333MS CHEMBL1819077 2 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
8685475 9516718 809161 460144 7 pKi = 100 nM Ki active PUBCHEM_BIOASSAY: Navigating the Kinome. (Class of assay: other) Panel member name: MARK4F 101317 8 CHEMBL1963713 460144 R-406 CHEMBL475251 2 Small molecule MAP/microtubule affinity-regulating kinase 4Homo sapiens CHEMBL5754 MARK4 GENE_SYMBOLKinase

10607977 9516698 809161 630975 7.3 pKi = 50.12 nM Ki active PUBCHEM_BIOASSAY: Navigating the Kinome. (Class of assay: other) Panel member name: MARK4F 101317 8 CHEMBL1963713 630975 PF-00562271 CHEMBL1084546 1 Small molecule MAP/microtubule affinity-regulating kinase 4Homo sapiens CHEMBL5754 MARK4 GENE_SYMBOLKinase
22433509 1381390 80S Ribosome inhibitorINHIBITOR 1381390 DORLIMOMAB ARITOX CHEMBL2109124 1 Antibody 80S Ribosome Homo sapiens CHEMBL3987582 RPS15 GENE_SYMBOLnone
22434152 1947706 Bromodomain and extra-terminal motif (BET) inhibitorINHIBITOR 1947706 BIRABRESIB CHEMBL3581647 2 Small molecule Bromodomain and extra-terminal motif (BET)Homo sapiens CHEMBL4296614 BRD2 GENE_SYMBOLnone
22434156 694811 Bromodomain and extra-terminal motif (BET) inhibitorINHIBITOR 694811 MOLIBRESIB CHEMBL1232461 2 Small molecule Bromodomain and extra-terminal motif (BET)Homo sapiens CHEMBL4296614 BRD2 GENE_SYMBOLnone
22434165 2335429 Bromodomain and extra-terminal motif (BET) inhibitorINHIBITOR 2335429 BMS-986158 CHEMBL4297458 1 Small molecule Bromodomain and extra-terminal motif (BET)Homo sapiens CHEMBL4296614 BRD2 GENE_SYMBOLnone
22434169 1566719 Bromodomain and extra-terminal motif (BET) inhibitorINHIBITOR 1566719 APABETALONE CHEMBL2393130 3 Small molecule Bromodomain and extra-terminal motif (BET)Homo sapiens CHEMBL4296614 BRD2 GENE_SYMBOLnone
22434173 2335394 Bromodomain and extra-terminal motif (BET) inhibitorINHIBITOR 2335394 RO-6870810 CHEMBL4297423 1 Small molecule Bromodomain and extra-terminal motif (BET)Homo sapiens CHEMBL4296614 BRD2 GENE_SYMBOLnone
22435038 2341275 Bromodomain and extra-terminal motif (BET) inhibitorINHIBITOR 2341275 PELABRESIB CHEMBL4303404 3 Small molecule Bromodomain and extra-terminal motif (BET)Homo sapiens CHEMBL4296614 BRD2 GENE_SYMBOLnone
22435077 2335831 Microtubule-associated protein tau inhibitorINHIBITOR 2335831 TILAVONEMAB CHEMBL4297860 2 Antibody Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
22435111 2335760 80S Ribosome inhibitorINHIBITOR 2335760 MT-3724 CHEMBL4297789 2 Unknown 80S Ribosome Homo sapiens CHEMBL3987582 RPS15 GENE_SYMBOLnone
22435259 426110 80S Ribosome modulatorMODULATOR 426110 ATALUREN CHEMBL256997 4 Small molecule 426110 M09AX03 ataluren 80S Ribosome Homo sapiens CHEMBL3987582 RPS15 GENE_SYMBOLnone
22435340 2335715 80S Ribosome modulatorMODULATOR 2335715 ELX-02 CHEMBL4297744 2 Unknown 80S Ribosome Homo sapiens CHEMBL3987582 RPS15 GENE_SYMBOLnone
22435963 2336064 Microtubule-associated protein tau inhibitorINHIBITOR 2336064 SEMORINEMAB CHEMBL4298093 2 Antibody Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
22435964 2197913 Microtubule-associated protein tau inhibitorINHIBITOR 2197913 GOSURANEMAB CHEMBL3990042 2 Antibody Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
22435965 2335992 Microtubule-associated protein tau inhibitorINHIBITOR 2335992 ZAGOTENEMAB CHEMBL4298021 2 Antibody Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
22437968 2486662 Microtubule-associated protein tau inhibitorINHIBITOR 2486662 POSDINEMAB CHEMBL4650402 2 Antibody Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
22438678 2465043 Microtubule-associated protein tau inhibitorINHIBITOR 2465043 BEPRANEMAB CHEMBL4594612 2 Antibody Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone



 
Table 1. All recorded information of 21 drug-gene interactions with drugs already approved or in clinical trail phase 1-4, 

as opposed to newly identified small molecules and antibodies which have not been tested. 
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420088 118904 51112 102752 6.62 Ki = 240 nM Ki Binding affinity towards human Corticotropin releasing factor receptor 1 by the displacement of [125I]CRF from CHO cellsB 124 8 CHEMBL664958 102752 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 102752 CRINECERFONT CHEMBL291657 3 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR

3433569 2381895 494923 515198 7.18 pIC50 = 66.07 nM IC50 Displacement of [125I]sauvagine from human recombinant CRF1 receptor expressed in CHO cellsB 124 9 CHEMBL1004666 515198 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 515198 EMICERFONT CHEMBL514270 2 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
3433570 2381932 494924 515198 7.14 pA2 = 72.44 nM Kd Antagonist activity at human CRF1 receptor expressed in CHO cells assessed as effect on sauvagine-induced cAMP productionF 124 9 CHEMBL1004667 515198 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 515198 EMICERFONT CHEMBL514270 2 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
3433571 2381933 494942 515198 Activity Activity Not ActiveAgonist activity at human CRF1 receptor expressed in CHO cells assessed as effect on cAMP production up to 10 uMF 124 9 CHEMBL1008014 515198 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 515198 EMICERFONT CHEMBL514270 2 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
3593875 2528492 501842 520543 8.35 IC50 = 4.5 nM IC50 Displacement of [125I]Tyr0-ovine CRF from CRF1 receptor in human IMR32 cellsB 124 9 CHEMBL994499 520543 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 520543 PEXACERFONT CHEMBL482950 3 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
3593876 15455721 1482271 520543 8.21 IC50 = 6.1 nM IC50 Antagonist activity at human CRF1 receptorB 124 9 CHEMBL3539309 520543 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 520543 PEXACERFONT CHEMBL482950 3 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
3593879 18000968 1653073 520543 Ratio IC50 > 29 Ratio IC50 Ratio of IC50 for displacement of ovine [125-I]-CRF from human CRF1 receptor expressed in CHO cell membranes with compound washout to IC50 for displacement of ovine [125-I]-CRF from human CRF1 receptor expressed in CHO cell membranes without compound washoutB 124 9 CHEMBL4002328 520543 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 520543 PEXACERFONT CHEMBL482950 3 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
3919199 9516721 809161 494834 7 pKi = 100 nM Ki active PUBCHEM_BIOASSAY: Navigating the Kinome. (Class of assay: other) Panel member name: MARK4F 101317 8 CHEMBL1963713 494834 DOVITINIB CHEMBL522892 3 Small molecule MAP/microtubule affinity-regulating kinase 4Homo sapiens CHEMBL5754 MARK4 GENE_SYMBOLKinase
4568021 3604367 685890 714326 7 pIC50 = 100 nM IC50 Antagonist activity at human recombinant CRF1 receptorF 124 9 CHEMBL1292646 714326 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 714326 VERUCERFONT CHEMBL1287935 2 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
4568022 3604375 685890 714326 8.2 pKi = 6.31 nM Ki Antagonist activity at human recombinant CRF1 receptorF 124 9 CHEMBL1292646 714326 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 714326 VERUCERFONT CHEMBL1287935 2 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
5130506 4516677 688171 94571 7.6 Potency = 25.1 nM Potency InconclusivePUBCHEM_BIOASSAY: qHTS for Inhibitors of Tau Fibril Formation, Fluorescence Polarization. (Class of assay: confirmatory) [Related pubchem assays: 596 ]F 103657 9 CHEMBL1614250 94571 DISULFIRAM CHEMBL964 4 Small molecule 94571 P03AA04 disulfiram Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
5130507 4516677 688171 94571 7.6 Potency = 25.1 nM Potency InconclusivePUBCHEM_BIOASSAY: qHTS for Inhibitors of Tau Fibril Formation, Fluorescence Polarization. (Class of assay: confirmatory) [Related pubchem assays: 596 ]F 103657 9 CHEMBL1614250 94571 DISULFIRAM CHEMBL964 4 Small molecule 94571 P03AA54 disulfiram, combinations Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
5130508 4516677 688171 94571 7.6 Potency = 25.1 nM Potency InconclusivePUBCHEM_BIOASSAY: qHTS for Inhibitors of Tau Fibril Formation, Fluorescence Polarization. (Class of assay: confirmatory) [Related pubchem assays: 596 ]F 103657 9 CHEMBL1614250 94571 DISULFIRAM CHEMBL964 4 Small molecule 94571 N07BB01 disulfiram Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
5850044 4527053 688171 373953 7.6 Potency = 25.1 nM Potency InconclusivePUBCHEM_BIOASSAY: qHTS for Inhibitors of Tau Fibril Formation, Fluorescence Polarization. (Class of assay: confirmatory) [Related pubchem assays: 596 ]F 103657 9 CHEMBL1614250 373953 CHLORQUINALDOL CHEMBL224325 4 Small molecule 373953 G01AC03 chlorquinaldol Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
5850045 4527053 688171 373953 7.6 Potency = 25.1 nM Potency InconclusivePUBCHEM_BIOASSAY: qHTS for Inhibitors of Tau Fibril Formation, Fluorescence Polarization. (Class of assay: confirmatory) [Related pubchem assays: 596 ]F 103657 9 CHEMBL1614250 373953 CHLORQUINALDOL CHEMBL224325 4 Small molecule 373953 R02AA11 chlorquinaldol Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
5850046 4527053 688171 373953 7.6 Potency = 25.1 nM Potency InconclusivePUBCHEM_BIOASSAY: qHTS for Inhibitors of Tau Fibril Formation, Fluorescence Polarization. (Class of assay: confirmatory) [Related pubchem assays: 596 ]F 103657 9 CHEMBL1614250 373953 CHLORQUINALDOL CHEMBL224325 4 Small molecule 373953 P01AA04 chlorquinaldol Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
5850047 4527053 688171 373953 7.6 Potency = 25.1 nM Potency InconclusivePUBCHEM_BIOASSAY: qHTS for Inhibitors of Tau Fibril Formation, Fluorescence Polarization. (Class of assay: confirmatory) [Related pubchem assays: 596 ]F 103657 9 CHEMBL1614250 373953 CHLORQUINALDOL CHEMBL224325 4 Small molecule 373953 D08AH02 chlorquinaldol Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
7456587 6335363 764455 1171281 8.4 IC50 = 4 nM IC50 Displacement of [125I]CRF from human corticotropin-releasing factor receptor 1 expressed in CHO-K1 cells after 2 hrs by gamma countingB 124 9 CHEMBL1821007 1171281 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 1171281 ONO-2333MS CHEMBL1819077 2 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
7456588 6335393 764454 1171281 7.4 EC50 = 40 nM EC50 Antagonist activity at human corticotropin-releasing factor receptor 1 expressed in CHO-K1 cells assessed as inhibition of CRF-induced cAMP production after 15 mins by enzyme immunoassayF 124 9 CHEMBL1821006 1171281 Corticotropin releasing factor receptor 1 antagonistANTAGONIST 1171281 ONO-2333MS CHEMBL1819077 2 Small molecule Corticotropin releasing factor receptor 1Homo sapiens CHEMBL1800 CRHR1 GENE_SYMBOLGPCR
8685475 9516718 809161 460144 7 pKi = 100 nM Ki active PUBCHEM_BIOASSAY: Navigating the Kinome. (Class of assay: other) Panel member name: MARK4F 101317 8 CHEMBL1963713 460144 R-406 CHEMBL475251 2 Small molecule MAP/microtubule affinity-regulating kinase 4Homo sapiens CHEMBL5754 MARK4 GENE_SYMBOLKinase

10607977 9516698 809161 630975 7.3 pKi = 50.12 nM Ki active PUBCHEM_BIOASSAY: Navigating the Kinome. (Class of assay: other) Panel member name: MARK4F 101317 8 CHEMBL1963713 630975 PF-00562271 CHEMBL1084546 1 Small molecule MAP/microtubule affinity-regulating kinase 4Homo sapiens CHEMBL5754 MARK4 GENE_SYMBOLKinase
22433509 1381390 80S Ribosome inhibitorINHIBITOR 1381390 DORLIMOMAB ARITOX CHEMBL2109124 1 Antibody 80S Ribosome Homo sapiens CHEMBL3987582 RPS15 GENE_SYMBOLnone
22434152 1947706 Bromodomain and extra-terminal motif (BET) inhibitorINHIBITOR 1947706 BIRABRESIB CHEMBL3581647 2 Small molecule Bromodomain and extra-terminal motif (BET)Homo sapiens CHEMBL4296614 BRD2 GENE_SYMBOLnone
22434156 694811 Bromodomain and extra-terminal motif (BET) inhibitorINHIBITOR 694811 MOLIBRESIB CHEMBL1232461 2 Small molecule Bromodomain and extra-terminal motif (BET)Homo sapiens CHEMBL4296614 BRD2 GENE_SYMBOLnone
22434165 2335429 Bromodomain and extra-terminal motif (BET) inhibitorINHIBITOR 2335429 BMS-986158 CHEMBL4297458 1 Small molecule Bromodomain and extra-terminal motif (BET)Homo sapiens CHEMBL4296614 BRD2 GENE_SYMBOLnone
22434169 1566719 Bromodomain and extra-terminal motif (BET) inhibitorINHIBITOR 1566719 APABETALONE CHEMBL2393130 3 Small molecule Bromodomain and extra-terminal motif (BET)Homo sapiens CHEMBL4296614 BRD2 GENE_SYMBOLnone
22434173 2335394 Bromodomain and extra-terminal motif (BET) inhibitorINHIBITOR 2335394 RO-6870810 CHEMBL4297423 1 Small molecule Bromodomain and extra-terminal motif (BET)Homo sapiens CHEMBL4296614 BRD2 GENE_SYMBOLnone
22435038 2341275 Bromodomain and extra-terminal motif (BET) inhibitorINHIBITOR 2341275 PELABRESIB CHEMBL4303404 3 Small molecule Bromodomain and extra-terminal motif (BET)Homo sapiens CHEMBL4296614 BRD2 GENE_SYMBOLnone
22435077 2335831 Microtubule-associated protein tau inhibitorINHIBITOR 2335831 TILAVONEMAB CHEMBL4297860 2 Antibody Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
22435111 2335760 80S Ribosome inhibitorINHIBITOR 2335760 MT-3724 CHEMBL4297789 2 Unknown 80S Ribosome Homo sapiens CHEMBL3987582 RPS15 GENE_SYMBOLnone
22435259 426110 80S Ribosome modulatorMODULATOR 426110 ATALUREN CHEMBL256997 4 Small molecule 426110 M09AX03 ataluren 80S Ribosome Homo sapiens CHEMBL3987582 RPS15 GENE_SYMBOLnone
22435340 2335715 80S Ribosome modulatorMODULATOR 2335715 ELX-02 CHEMBL4297744 2 Unknown 80S Ribosome Homo sapiens CHEMBL3987582 RPS15 GENE_SYMBOLnone
22435963 2336064 Microtubule-associated protein tau inhibitorINHIBITOR 2336064 SEMORINEMAB CHEMBL4298093 2 Antibody Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
22435964 2197913 Microtubule-associated protein tau inhibitorINHIBITOR 2197913 GOSURANEMAB CHEMBL3990042 2 Antibody Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
22435965 2335992 Microtubule-associated protein tau inhibitorINHIBITOR 2335992 ZAGOTENEMAB CHEMBL4298021 2 Antibody Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
22437968 2486662 Microtubule-associated protein tau inhibitorINHIBITOR 2486662 POSDINEMAB CHEMBL4650402 2 Antibody Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone
22438678 2465043 Microtubule-associated protein tau inhibitorINHIBITOR 2465043 BEPRANEMAB CHEMBL4594612 2 Antibody Microtubule-associated protein tauHomo sapiens CHEMBL1293224 MAPT GENE_SYMBOLnone



Methods 

 

MR. Bulk tissue RNA-seq were downloaded from the EMBL-EBI eQTL catalogue on 10 Nov 2022 (Kerimov et al., 2021), 

single-cell brain eQTL summary statistics (P < 0.05) on 5 Jan 2023 (Bryois et al., 2019). Summary statistics of SNPs 

associated with AD for the outcome dataset were obtained from the largest-to-date GWAS study (Bellenguez et al.; 

2022). 

 

scRNA-seq processing. The 48 sample prefrontal cortex scRNA-seq was curated by Mathys et al. (Mathys et al., 2019), 

and fitted to a linear mixed model using python statsmodels; cell clusters was as provided by the paper. For blood 

samples a less extensive 5 sample PBMC RNA-seq (Xu & Jia, 2021) was selected. Cells were reclustered using the 

scanpy package for poor overlap of patients in the original clustering; more specifically, one round of rough cell type 

identification by tsne (PCs=10), leiden, and marker genes in scanpy rank_genes_groups as provided by the paper, and 

a second round of identification using ingest and bbknn with patient GSM5494110’s projected to PBMC 3k as reference. 

Group 22 was excluded due to PF4 and PPBP expression suggesting mixture with platelets. The dataset was fitted by 

regression. 

 

Chembl and drug2cell. The Chembl database was used to identify drug-gene interactions; selection of interaction 

threshold and assay type followed those provided in the drug2cell package. We further selected for compounds with 

potency concentration below 100nM. 
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