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Epidemiology
Most common cause of 
dementia
• Estimate of 6.7 million 

Americans aged ≥ 65 with AD 
in 2023.

• >40 million with AD globally.

Impact
No disease-modifying therapy 
(DMT)-until recently 
• By 2060 Americans living 

with AD are projected to 
increase to 13.8 million.

• Deaths from AD increased  
by 145%, in 2000-2019.

Alzheimer’s Disease

1. 2023 Alzheimer's disease facts and figures. Alzheimers Dement, 2023. 19(4): p. 1598-1695
2. Sachdev, P. S. et al. Nature Reviews Neurology, 2023, 10(11), 634-642. 

Chung et al., Mol Neurodegeneration, 2021

Amyloid and Tau Neuropathology in AD 
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AD – Genetics (1980s – 2009):
• Early-onset familial AD mutations 

in APP, PSEN1/2:
• Constitute <1% of all AD
• Fully penetrant
• Influence amyloid 

production/processing 

• Apolipoprotein E ɛ4 genotype:
• Increase risk for AD, dose- 

and ancestry-dependent
• Constitute about 20% 

population risk
• Influences multiple processes

1. Ertekin-Taner N., Neurol Clin, 2007
2. Ertekin-Taner N., Alz Res & Ther, 2010
3. Ertekin-Taner N., Mol Neurodeg, 2011
4. Liu et al., Nat Rev Neurol, 2013
5. İş Ö, Glia, 2025
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• Pathophysiology:
• Amyloid cascade hypothesis.
• Model systems of EOFAD 

mutations/APOE.
• Prediction:

• EOFAD mutation testing
• Aβ as a biomarker (CSF, plasma, 

imaging)
• APOE ε4 carriers

• Prevention/Cure:
• Amyloid pathway as a drug target
• Therapeutic trials in EOFAD 

mutation and APOE ε4 carriers 
(API, DIAN, A4) 

Clinical Impact of AD Genetics: 1980s-2009

@DrNErtekinTaner



©2019 MFMER  |  slide-6

Alzheimer’s disease – Monoclonal Anti-Amyloid Antibody 
Therapies
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AD Genetic Studies (1980s-2009): Lessons Learned 

• Pathology and biochemistry studies in relevant tissue (brain) can 
pinpoint disease molecules (Aß, tau, APOE).

• Studying rare forms of disease (Down’s syndrome, EOFAD) can 
uncover pathologic proteins and deterministic genetic risk factors.

• Rare genetic forms of disease can yield useful model systems.
• Pathologic proteins can be measured in blood and CSF and can serve 

as disease biomarkers (CSF and plasma Aß and tau) and 
endophenotypes in genomic studies.

• Pathologic proteins can become therapeutic targets (anti-amyloid 
therapies).

@DrNErtekinTaner
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• Discovered >80 AD risk loci.
• Candidate genes near GWAS 

loci are enriched in certain 
pathways: APP, Tau, 
Inflammation etc.

• Actual genes/variants/disease 
mechanisms are not revealed 
by disease GWAS.

• Most genetic variants are in 
non-protein coding but 
transcriptionally active (open 
chromatin) regions.

1. Ertekin-Taner N., Neurol Clin, 2007
2. Ertekin-Taner N., Alz Res & Ther, 2010
3. Ertekin-Taner N., Mol Neurodeg, 2011
4. Liu et al., Nat Rev Neurol, 2013
5. İş Ö, Glia, 2025
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Alzheimer’s Disease GWAS era: 2009-
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Despite discoveries of genetic loci or risk variants, curative 
therapies for neurodegenerative diseases are elusive 

@DrNErtekinTaner

Mean cost of developing a new FDA-approved 
drug: $1.3 billion.

Biological Complexity of ND
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Why do we need precision medicine approaches 
for neurodegenerative diseases (ND)?

We need to diagnose 
and treat the right 
patient, with the 
right therapy at the 
right time.

@DrNErtekinTaner

Complex – Heterogeneous - Long prodrome



©2019 MFMER  |  slide-11

A framework for precision medicine in ND: 

Neuro- 
degeneration

Fluid A/T/N 
biomarkers

Transcriptome Metabolome& 
lipidomeProteome

@DrNErtekinTaner
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Big omics data guide the journey to precision medicine

• DNA variation
• Genotyping array, 

whole exome, 
whole genome 
sequencing.

• GWAS 

• Modifications to 
DNA, histones or 
chromatin.

• Results in gene 
expression 
changes  

• Gene expression 
levels.

• Expression array, 
RNA sequencing.

• eQTL, expression 
regulation, DEG

• Protein levels.
• Mass 

spectrometry.
• pQTL, protein 

regulation, 
DEP

• Metabolite 
lipidome 
levels.

• Differential 
levels.

• QTL analysis.

Genotype + Phenotype (disease risk, endophenotypes, 
expression etc.) -> Loci/Candidate gene 

Compare groups for differential 
expression (DEGs, DEPs etc.)

Network analysis for groups of 
molecules, pathways, cell types

@DrNErtekinTaner
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Data Integration, 
Harmonization, Sharing

Knowledge

1. Widespread 
molecular 
perturbations

2. Disease genes 
and variants 

3. Cell-specific 
molecular disease 
pathways 

 

Towards Precision Therapies 
and Biomarkers

Generation, Curation, Analysis

Neuropath:

Biochemical: 

Molecular: 

Clinical: 

Cellular: 

Data

Therapeutic Target and 
Biomarker Prioritization

Cures and Diagnostics
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1. Neurodegenerative diseases are characterized by widespread multi–
omics molecular perturbations in the brain.

2. Integrative –omics can uncover novel disease genes, functional 
variants and their therapeutic (vs. detrimental) direction of effect.

3. Brain and peripheral multi-omics perturbations in neurodegenerative 
diseases pinpoint cell-specific dysfunction that strongly correlate with 
disease risk and endophenotypes.

4. Integrative multi-omics and deep phenotyping in neurodegenerative 
diseases identify novel molecular targets and pathways that lay the 
groundwork for precision medicine in these common, complex 
disorders.

ADRD Precision Medicine Studies (2010s-ongoing): Lessons Learned 
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1. ADRD have widespread brain molecular 
perturbations:

Semi-quantitative PSP neuropathology

From Dennis Dickson 

Quantitative PSP neuropathology

Brain tau neuropathology and biochemical levels associate with gene expression and methylation perturbations in 
oligodendrocyte/myelin genes. 
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2. Integrative omics uncover genes-variants-
pathways in ADRD:

Combined use of 
brain gene expression 
levels and disease 
risk can:

• Identify actual disease gene at 
the GWAS loci.

• Discover additional risk 
candidate genes/variants.

• Nominate gene expression 
regulation as a disease 
mechanism.  

• Uncover therapeutic vs. 
detrimental direction of effect.

@DrNErtekinTaner
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3. ADRD have brain cell-type specific molecular perturbations 
that reveal potential disease pathways: 
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4. Towards precision medicine therapies in ADRD: 
• There are robust glial gene expression perturbations in PSP brains.
• We built an interactive data sharing platform.

PSP RNAseq Atlas 
(https://rtools.mayo.edu/PSP_RNAseq_Atlas/)
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4. Towards precision medicine therapies in ADRD: 
• We established a cross-species platform and prioritized DDR2, STOM, and KANK2 as candidate 

therapeutic targets for PSP.
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Towards Precision Medicine in ADRD:
1. Widespread multi–omics molecular perturbations in 
the brain. 

 Myelination, immunity, synaptic 
dysfunction many others.

2. Disease genes/variants and their therapeutic (vs. 
detrimental) direction of effect. 

 Gene (dys)regulation as disease 
mechanism and therapeutic target.

3. Cell-specific dysfunction. 

 Oligodendrocytes in AD+PSP, 
divergent pathways in neurons vs. 
astrocyes.

4. Integrative multi-omics and deep phenotyping 
identify novel molecular targets and pathways that lay 
the groundwork for precision medicine. 

 DDR2, STOM, KANK2 as therapeutic 
targets in PSP.



Next Frontier in Complex 
Neurologic Diseases
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