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Overview
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Intro
• review of Alzheimer disease genomics

• ADAD, EOAD, LOAD
• Genetic methods
• Omic methods
• Data integration

Genetic studies by us
• A large-scale Genome-Wide Association Study of Early Onset Alzheimer’s Disease
• The Familial Alzheimer Sequencing (FASe) Project
• OMIC approaches to identify molecular contributors to AD



Clinically

• gradual onset and progression of memory impairment 
• deficits in executive functioning, language, visuo-spatial abilities
• personality, behavior and self-care

Mattson,2004,Nature, 430:631-639

Pathologically

• Reduction in volume and neuronal death
• Extracellular plaques of amyloid beta (Aβ)
• Intracellular tangles of hyperphosphorylated Tau

Alzheimer Disease (AD)

3



Livingston et al. 2017

AD risk factors

Risk factors
• Age: risk doubles every 5 years after 60 years old
• 60-80 % is due to genetic causes

Gatz 2006, Arch Gen Psy 63:168-174



ADAD



ADAD



ADAD

APP mutations  increase β-secretase cleavage

PS1/PS2 mutations  increase γ-secretase cleavage



AD genetics

Karch & Goate, 2015, Biol Psych, 77:43-51



AD



AD

Fernandez-Calle et al., 2022, Mol. Neurodeg, 17(62)

APOE Ɛ4 in AD
• BBB disruption
• Synaptic impairment
• Protein clearance
• Protein aggregation
• Microglia activation
• Autophagy impairment



AD genetics

APOE major risk factor
ε43x; ε4ε4  8x
50% of AD do not carry ε4

Karch & Goate, 2015, Biol Psych, 77:43-51



Genome Wide Association Analysis

CA = 35,247
CO = 59,163

APOE Ɛ4
FreqCA = 38.7 %
FreqCO = 13.7 %

OR=FreqCA/FreqCO = 2.82
P (χ2) = 2.9 × 10−45

Kunkle et al., 2019, Nature Genetics, 51:414–430
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AD genetics

GWAs studies
33% phenotypic variance
Uncertain effect
New metabolic pathways

Karch & Goate, 2015, Biol Psych, 77:43-51



https://www.nature.com/articles/461895a

AD pathways

• Immune response
• Endocytosis
• Tau metabolism
• Cytoskeleton / Axon 
development



GWAs vs WES vs WGS



GWAs vs WES vs WGS



AD genetics

Karch & Goate, 2015, Biol Psych, 77:43-51

WES-WGS
functional variants
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AD beyond genetics
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Data integration



AD beyond genetics

A large-scale Genome-Wide 
Association Study of Early Onset 

Alzheimer’s Disease

The Familial Alzheimer Sequencing 
(FASe) Project

OMIC approaches to identify 
molecular contributors to AD



U01AG058922



Datasets

Family inclusion criteria
• > 3 affected members
• APOE ε4 does NOT segregate with disease
• Proband does not carry pathogenic mutations in Mendelian genes

Participant inclusion criteria
• Cases    - clinical dementia rating (CDR) > 0.5

- AAO > 65 yo
• Controls - CDR = 0

- ALA > oldest affected AAO within family

22

N Age %Fe %APOE-ε4

CA 864 73 52% 71%

CO 426 86 61% 50%

Fam size 2 3 4 5 6 7 8 9 Total

N 7 75 105 58 26 19 2 4 296



Modified from Bansal et al., 2010

Rationale: Single variant test of rare variants have very low power for detecting association 

Hypothesis: testing collective effect of a set or fare variants may increase the power

 gene-based analysis

Case sequencesControl sequences
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Gene-based analysis



RESULTS: 
• PTK2B is a previously reported gene
• CPAMD8 is gene-wide suggestive by RVGDT, FarVAT-SKATO and 

FarVAT-CMC
• 38 rare non-synonymous variants with different degrees of 

segregation in several families
• Replication 

• Independent familial dataset (NIMH families, Dr. Tanzi)
CPAMD8 - Gene-based FarVAT SKATO p=1.6×10-3

• ADSP Case-Control (5,000 CA + 5,000 CO, Dr. Marcora)
CPAMD8 - Gene-based SKATO, p=5.3×10-3

Collapsing
Variance-

component
TDT

FarVAT-
CMC

FarVAT-
SKATO

RVGDT

gene pval pval pval

CHRD2 0.007 7.37×10-7 0.990

CLCN2 0.006 1.12×10-5 1.000

NLRP9 2.81×10-4 2.59×10-4 0.998

PTK2B 1.23×10-4 4.93×10-4 1.000

HDLBP 0.021 1.22×10-4 0.996

MAS1L 4.65×10-4 4.23×10-4 0.998

CPAMD8 6.91×10-5 4.23×10-4 9.99×10-4

Nomination of novel candidate genes

Fernandez et al. 2018
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Higher expression of in cases than controls

In-house transcriptomic data from 103 parietal tissue Transcriptomic data from MSBB, Inferior Frontal Gyrus (BM44)
CDRe (Kruskal-Wallis p=8.45×10-3)

CO ADAD EOAD LOAD 0 0.5 1.0 2.0 3.0
CONDITION CDRe
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Wei Quin & Bruno Benitez

CPAMD8 interacts with APP
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CPAMD8 alters extracellular Aβ40, Aβ42 CPAMD8 alters APP processing

Co-localization of CPAMD8 and APP
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Wei QuinWei Quin & Bruno Benitez

CPAMD8 acts via the authopahgy-lysosome
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Increased CPAMD8 and lysosomal components



• Gene-based and segregation analysis suggests CPAMD8 influences AD 
risk

• Found variants that segregate in several families

• Higher expression in cases compared to controls (based on status and 
CDR)

• CPAMD8 alters APP processing through the regulation of the 
autophagy-lysosome pathway

CONCLUSIONS
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Joseph Bradley,
PhD student
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Rationale
• About ~5% of Alzheimer disease cases have an early onset <65-70 yo (EOAD)
• Only 1% of EOAD is caused by mutations in APP, PSEN1 or PSEN2 (ADAD)
• Majority of EOAD heritability remains unexplained; most studies target LOAD

Aims
• Identify additional EOAD-associated variants through large-scale sequencing data
• We used data from well characterized groups as well as publicly available data:

• Knight-ADRC
• GCAD



Analysis Workflow



Summary of demographics and analysis framework

AA – 4,455

AZN – 2,639

Hispanic - 552

NHW – 21,568

# cases (CA) # control (CO) % Fem % APOE

NHW 6,282 13,386 57% 26%

Afr Am 782 3,663 71% 40%

Asian 617 1,714 57% 27%

Hispanic 280 270 66% 28%



Non-Hispanic Whites

Novel
NHW, n=19,668: λ=1.053 Covars: Sex, PC1-10 - Identified 25 total/16 novel Significant Loci



PRS for LOAD has limited prediction for EOAD



ATXN7L3B

AA, n=4,445: λ=1.008 Covars: Sex, PC1-10

African Americans

Novel



AZN, n=1,213: λ=1.008 Covars: Sex, PC1-10

Asian

APOE



Multi-ethnic Meta-analysis, n=25,326 sample size weighted

Meta-analysis – reveals two new hits



Conclusions

We found 25 Significant loci in NHW
• Some replicate in LOAD but most are novel

• LDSC shows significant genetic overlap with LOAD, but unique signals and moderate AUC/R2 from PRS 
suggest there’s still a lot of difference in genetic background

We find 4 significant loci in AA and one which are significant in Asian
• All AA loci except APOE are novel.

• No novel AZN loci

We are currently combining this information with transcriptomics and proteomics data to 
perform QTL mapping and annotation, to determine like and probable functional genes in 
each locus
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Generated transcriptomic data from 103 parietal tissue

Differential gene expression (DGE) analysis, controlling for PMI, TIN and gender, identified 57 genes [p<0.05 after FDR (padj)] that are differentially
expressed between AD and HC.

Condition N Age AAD PMI % Fe <0.5 1-2 3 NA 1-2 3-4 5-6 NA

ADAD 19 44 52 14.45 42% 0 4 4 11 0 0 15 4

EOAD 13 62 76 11.15 54% 0 1 12 0 0 0 10 3

LOAD 55 77 87 12.88 56% 5 20 30 0 4 9 35 7

AD 87 72 78 12.97 53% 5 25 46 11 4 9 60 14

HC 16 78 86 10.20 63% 15 1 0 0 14 2 0 0

BraakCDR

* N= sample size; age = age at onset for AD and age at last assessment for HC; 
ADA=average age at death; CDR: average CDR at death; Braak: aveage braak; PMI: 
post mortem interval.

Bulk Brain transcriptomic data 



Venn diagram of differentially expressed 
genes across AD etiologies and against 
HC.

The 57 genes in the red circle are: 
PLXNA3,ARMCX5,TTC38,LSS,SMTN,NO
L4L,PALM3,TMED1,LZTS2,AQP1,LIX1L,
ANXA2R,SCLT1,GCM1,INPPL1,ADAMTS
2,PFKFB4,GLT8D1,RASL12,BCORL1,S1
00A4,STAT1,TRIM33,SMG5,SLC44A5,EL
N,NOL10,TSN,ANP32B,GDF1,SYNGR2,
GAREM2,PDE7B,JUND,IQCH,NAGK,SLC
12A9,GLI2,IFIT3,IGFBP5,PNPLA6,SIRT5,
AZI2,KSR1,FAM84B,PDE10A,BSPRY,FIB
CD1,TRIM65,EPS8L2,TPRA1,RHOF,TGF
B3,AGFG2,CRAMP1,ZBTB12,TMC6

DGE identifies 57 genes



Kunkle et al. (2019)

is under GWAs signal

AGFG2 gene counts across HC and AD etiologies

Lambert et al. (2013)
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Replication in independent datasets
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Table 1. Kruskal-Wallis test of AGFG2 differential expression values in MSBB, Mayo and ROSMAP dataset per each 
brain area tissue available and the following phenotypes: CDRe (or CogDx), BraakTau, Status and Etiology. 
Dataset Brain Tissue CDRe BraakTau Status Etiology 
Knight-ADRC 
(discovery) 

Parietal 6.44×10-05 5.21×10-03 8.81×10-06 4.11×10-05 

MSBB BM10 5.02×10-05 0.06 8.63×10-03 0.07 
 BM22 2.01×10-04 0.003 9.98×10-03 0.062 
 BM36 6.39×10-06 5.96×10-04 7.74×10-04 1.53×10-03 
 BM44 4.21×10-05 5.09×10-03 9.49×10-05 1.48×10-04 
Mayo Cerebellum NA NA 3.36×10-03 1.10×10-02 
 Temporal Cortex NA NA 5.88×10-12 4.77×10-11 
ROSMAP DLPC 1.62×10-04 0.052 8.34×10-05 3.96×10-05 
Knight-ADRC Parietal 0.959 0.242 0.628 0.777 

MSBB-BM36

CO ADPS-AD

Kinght-ADRC

CO AD

ROSMAP

CO ADPS-AD

Mayo - TCX

CO AD



could alter APP processing 
Performed siRNA on HEK293 cells stably over-expressing mCherry-APP695wt-YFP. AGFG2 was among the
top eight genes to dysregulate APP processing - Chapuis et al., Acta Neuropath, 2017
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is an astrocyte gene

 AD cases have more Aβ plaques
 AD cases have higher AGFG2 expression
 AGFG2 interferes with APP processing Chapuis et al.

 Astrocytes are also and active producers of APP
(Liao, 2016, J. Neurosc, 36(5):1730-1746)

Hypothesis
α - higher expression of AGFG2 could be participating
into more release of APP to the media

Astrocytes

Microglia

OligodendrocytesEndothelial

Excitatory N

Inhibitory N

OPC

Single nuclei expression data from 69 brain donors
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Changes in expression alter Aβ – iPSC astrocytes

SiRNA Nucleofection

Scr

↓AGFG2



Summary

• Genomic analyses of clinically stratified participants
• Multi-ethnic meta-analyses of EOAD

• Meta-analyses reveals two novel loci: PGM2, VAV1
• Family based approaches

• Gene-based analyses in LOAD families identified CPAMD8 as novel 
candidate gene

• Transcriptomic analysis of combined clinical categories
• novel candidate gene AGFG2
• is an astrocyte expressed gene
• could be promoting higher release of APP
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