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The first patient diagnosed had early onset AD 

Alois Alzheimer (1864-1915)

Published case report on Auguste D in 

1907 describing plaques and tangles

Auguste Deter - taken in 1906, shortly 

before her death at age 55, during her 

stay at Frankfurt's City Mental Institution



Major Alzheimer Candidate Genes - 1990’s
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Biomarker 

evidence that 

AD begins ~20 

years prior to 

diagnosis

Bateman et al, NEJM (2012)

Insights from Autosomal Dominant AD: 
The DIAN Consortium



Sporadic Early Onset AD: LEADS

• About 5% of AD has early onset defined as before age 65

• Less than 10% of these patients have mutations in known AD genes

• Longitudinal Early-onset Alzheimer’s Disease Study (LEADS) is a new 
NIA sponsored consortium of 16 institutions that will begin investigating 
non-familial EOAD in 2018 using cognitive testing, biomarkers, 
neuroimaging and gene sequencing

• Investigators

• Liana Apostolova MD, Indiana University

• Maria Carrillo PhD, Alzheimer’s Association

• Brad Dickerson MD, Harvard University

• Gil Rabinovici MD, UCSF

http://news.medicine.iu.edu/releases/2017/10/early-onset-alzheimers.shtml



“Genetics 101”
Chromosome (DNA) -> Gene -> Regions -> Bases

Intron: Non-

coding region 

(not “junk”)

Exon: Codes 

for protein

Promoter: turns 

gene on or off
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APOE Genotype & Sporadic AD Risk 

Chr. 19q13.2

Liu et al, Nature Reviews Neurology, 9:106-118, Feb 2013

ApoE protein

rs7412rs429358SNP:



Alzheimer’s Disease Neuroimaging Initiative (ADNI) 
LOAD Biomarkers: Temporal ordering and time-dependent roles

http://adni.loni.usc.edu/study-design/background-rationale/

ADNI-3

Imaging Modalities

Amyloid 

Beta



APOE ε4 Status and Early Stage Amyloid Deposition on PET

Risacher et al. Alzheimer's & Dementia (2015): DOI: (10.1016/j.jalz.2015.03.003) 



APOE ε4 Status: Early Stage Atrophy and Glucose Metabolism

Risacher et al. Alzheimer's & Dementia (2015): DOI: (10.1016/j.jalz.2015.03.003) 



IGAP Meta-Analysis: Now a “Top 20+” LOAD Genes (2013)

Largest AD GWAS

“In addition to the APOE

locus, 14 genomic regions 

had associations that 

reached genome-wide 

significance. 9 had been 

previously identified by GWAS 

as genetic susceptibility 

factors, and 5 (HLA-DRB5–

HLA-DRB1, PTK2B, SORL1, 

SLC24A4-RIN3 and DSG2) 

represent newly associated 

loci.”

Lambert et al Nature Genetics (2013)*



IGAP Meta-Analysis: Top 20 AD Genes

Lambert et al Nature Genetics (2013) Oct 27



Genetic Risk for AD: Pathogenic Mechanisms

Karch & Goate, 

Biol Psychiatry 

2015; 77:43–51



• Illumina HiSeq Platform
• Whole Exome Sequencing (WES)

• Whole Genome Sequencing (WGS)

• RNA Sequencing (RNA-seq / miRNA-seq)

Next Generation Sequencing
Enables search for novel rare variants

Human Genome: 3 Billion Bases



Polygenic Scores: Combined Effects of Genes
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Gene x Environment Interaction: Epigenetics

Kanherkar et al. (2014), Frontiers in Cell Dev Biol



Saykin et al Alzheimer’s & Dementia 11 (2015) 792-814

Working Toward a Systems Biology of AD



Saykin et al,  Alzheimer’s & Dementia 11 (2015) 792-814
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Toward a Precision Medicine of AD



Website: https://Model-AD.org

Contact: ModelAD@iupui.edu

Data: https://www.synapse.org/#!Synapse:syn2580853/wiki/409840 

Model Organism Development and Evaluation for Late-onset 

Alzheimer’s Disease (MODEL-AD)

Contact PI: Bruce Lamb

ADNI contributes target nominations & characterization

MODEL-AD is creating organisms based on ADNI reports

Molecular Validation & Therapeutics: New Models



Indiana ADC, IU Neuroscience, ADNI & AMP-AD



Conclusions

• The genetic architecture of AD differs for familial early onset AD and LOAD

• For LOAD we have gone from only APOE to over 25 promising candidate genes

• Next generation sequencing is identifying novel rare variants associated with AD

• Major pathways implicated by genome-wide findings include brain lipids and 
cholesterol processing and the innate immune system

• Genetic variation can be studied in case/control or biomarker phenotype designs

• Polygenic scores combining gene effects are promising for risk prediction

• The systems biology of AD is a work in progress but will be important for 
understanding and treating this complex disease

• Longitudinal studies of epigenetic changes such as methylation are needed

• An important goal is to understand heterogeneity by integrating genetics,–omics and 
imaging/biomarker profiles  precision medicine of AD & related disorders

• Target discovery and validation, informing model system development and 
assessment of therapeutic strategies are all important directions


