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Objectives

• Two Studies of Aging and Dementia with Organ 

Donation

• Neurobiology of AD dementia

• Genes, Pathology, and AD dementia

The Religious Orders Study

• Began in 1993

• ~ 1,350 older nuns, priests, and brothers without known 
dementia from across the U.S.

• All agreed to annual clinical evaluation, blood donation 
at baseline, and repeated on a subset

• All agreed to brain donation

• ~ 500 have developed MCI

• ~ 400 have developed dementia

• ~ 675 brain autopsies

The Memory and Aging Project 
… because memories should last a lifetime

• Began in 1997

• >1,850 older persons without dementia from across 
northeastern Illinois

• All agreed to annual clinical evaluation and annual blood 
donation

• All agreed to donate brain, spinal cord, muscle, nerve

• ~ 450 have developed MCI

• ~ 325 have developed dementia

• > 650 autopsies
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Bennett DA, et al. Neuroepidemiology. 2005;25:163–175.

Objectives

• Two Studies of Aging and Dementia with Organ 

Donation

• Neurobiology of AD dementia

• Genes, Pathology, and AD dementia

Schneider JA, et al. Annals Neurology. 2009;66:200-208. Schneider JA, et al. Brain. 2012;135:3005-3014.

~50% of AD dementia attributable 

to pathologic AD

~20% of MCI attributable to 

pathologic AD

Completely eliminating AD pathology would only prevent 
less than half of AD dementia and MCI

Boyle PA, et al. Neurol. 2015;85:1930-1936.
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Lesné S, et al. Brain. 2013;136:1383-1398.

Elevated amyloid-β dimer 

levels in AD

Larson ME, et al. J Neurosci. 2012;32:10253-66.

Elevated monomeric α-synuclein levels in AD

Brains without Lewy 

bodies or neurites

Nag S, et al. Annals Neurology. 2015;77:942-52.

Dawe RJ, et al.  Neurobiol Aging. 
2014;35:1549-1561.

LBD not significant

Hippocampal sclerosis 

Chronic macro-infarcts 

AD

Ex vivo T2 relaxation: Associations with age-related 

neuropathology and cognition

Association of T2

changes with 

cognition controlling 

for demographics, 

AD, CVD, LBD and 

HS

Dawe RJ, et al.  Neurobiol Aging. 2014;35:1549-1561.

Ex vivo T2 relaxation: Associations with age-related 

neuropathology and cognition

•Mixed pathology is the most common cause of AD 

dementia
•Many pathologies contribute to AD dementia

•Much of AD dementia is not explained by pathology

•Are there neurobiologic factors that protect us from AD 

dementia despite the accumulation of pathology?

Summary
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Arnold SE, et al.  Neurobiology of Aging.  2013;34:157-168.

synaptopodin spines higher in pathologic AD without 

dementia (resilient) 

Honer WG, et al. Translational Psychiatry. 2012;2:e114.

Ramos-Miguel A, et al. Molecular Neurodegeneration. 2015;10:65.

Presynaptic protein Munc18-1, 

alternatively spliced into long (M18L) or 

short (M18S)

Wilson RS, et al.  Neurology.  2013;80:1202-1208.

Buchman AS, et al. Neruology. In press. Lu T, et al. Nature. 2014;507:448-54.

Nuclear REST (repressor element 1-silencing transcription Factor)
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•A number of neurobiologic factors appear to protect us from 

AD dementia despite the accumulation of pathology?

•Given the complexity of the AD dementia phenotype, it is 

likely that some or many genomic variants for AD dementia 
are not related to AD pathology

Summary Objectives

• Two Studies of Aging and Dementia with Organ 

Donation

• Neurobiology of AD dementia

• Genes, Pathology, and AD dementia

Macro Infarcts

Cortical Lewy 

bodies

Micro infarcts

APOE

Age

Change in 

Non -episodic

Change in 

Episodic

Aβ

Mesial Temporal 

Tangles

Neocortical 

Tangles

Yu L, et al.
Neurobiology Aging. 
2013; 35:819-26. Farfel JM, et al. Neurobiology Aging. 2016;37:19-25.

Interaction between APOE

ε4 carriers and β-amyloid 

such that the association 

of APOE ε4 with PHFtau

tangles is much stronger 

in brains with β-amyloid;

the converse for APOE ε2.

Yu L, et al. Neurobiology Aging. 2015; 36:2946-53. Shulman JM, et al. JAMA Neurology. 2013;70:1150-57.
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Shulman JM, et al. JAMA Neurology. 2013;70:1150-57.

Neuritic Plaques

rs2829887 a/w amyloid-β load:

β=-0.216, p=9.52x10-5
Shulman JM, et al. JAMA Neurology. 2013;70:1150-57.
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association of rs3865444C with 

monocyte CD33 expression

rs3865444C a/w neuritic plaques; 

this association mediated in part by 

level of CD33 expression 

CD33 (Siglec-3) is expressed 

on the surface of mature 

monocytes and macrohages

Bradshaw EM, et al. Nature Neuroscience. 2013;16:848-50.

CR3/43

CD33

Amyloid and CD33 positivity

CD33 is expressed on 

microglia/macrophages in the brain

Microglia Staging

Bradshaw EM, et al. Nature Neuroscience. 2013;16:848-50

Inferior Temporal Region
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Association between rs3865444C and 
Microglia/Macrophage Traits

Region† β (95% CI) p-value

Inferior Temporal Lobe 0.336 (0.110,0.551) 0.0025

Posterior Putamen 0.252 (0.047,0.458) 0.0172

Mid-Frontal 0.157 (-0.091,0.405) 0.2160

Ventral Medial Caudate 0.057 (-0.142,0.255) 0.5772

rs3865444 a/w frequency of stage 

III microglia/macrophages

Bradshaw EM, et al. Nature Neuroscience. 2013;16:848-50 Chan G, et al. Nature Neuroscience. 2015;18:1556-1558. 

TREM2 mRNA 

expression in 
dorsolateral prefrontal 

cortex tissue in relation 

to amyloid load.

Triggering receptor expressed on myeloid cells 2
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Replogue J, et al. Annals Neurology. 2015;77:469-77. 

Cognitive Decline
rs6910730

Triggering receptor 

expressed on myeloid 

cells 1

Neuritic Plaques
Association of rs6910730 with TREM1 monocyte surface expression

Replogue J, et al. Annals Neurology. 2015;77:469-77. 

Cognitive Decline
rs7759295

Triggering receptor 

expressed on myeloid 

cells 1

Replogue J, et al. Annals Neurology. 2015;77:469-77. 

Neurofibrillary Tangles

Chou SH, et al. Cerebrovascular Disease. 2013;36:181-188.

48 SNPs associated stroke or 

proven stroke risk factors

DMII – T2 diabetes, LDL, 

HYP-hypertension, AF-
atrial fibrillation

Chou SH, et al. Cerebrovascular Disease. 2013;36:181-188.

51 SNPs putative stroke 

risk factors

HDL – High Density Lipoprotein, CAD – coronary artery disease, TG - Triglycerides

Nelson PT, et al. Acta Neuropath. 2014;127:825-43. 
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Summary

• Genomic risk factors for AD dementia operate through a 
number pathways including some in the cerebrovascular 
disease pathway and others involved in immune and 

inflammatory function

• Neuropathologic traits can be exploited for gene discovery 
and for mechanistic studies

Objectives

• Two Studies of Aging and Dementia with Organ 

Donation

• Neurobiology of AD dementia

• Genes, Pathology, and AD dementia

– Epigenome and transcriptome

Yu L, et al. JAMA Neurology. 2015;72:15-24. Levine ME, et al. Aging. 2015;12:1198-1211. 

Stage 1 - Discovery 
DNA methylation screen 

N = 708 

# CpG = 415,848 

# significant CpG = 71 

# independent DMR = 60 
  

Stage 2 - Replication 
DNA methylation screen 

N=117 

# CpGs = 71 

# significant CpG = 12 

# independent DMR = 11 
 

Stage 3 - RNA validation  
N = 202 AD, 197 non-AD 

# Genes tested=22 

# significant mRNA=9 

 

Density of CpG 
probes

• ANK1

• BIN1

• CDH23

• DIP2A

• KIAA0145

• RHBDF2

• RPL13

• SERPINF1

• SERPINF2

De Jager PL, et al. Nature Neuroscience. 2014;17:1156-1163. 

• Network direct connectivity: p=0.007

• Network indirect connectivity: p=0.04

• RHBDF2 connection: p= 0.0015

• APP connection: p= 0.00021

Input: 

•20 AD susceptibility loci

•Mendelian AD genes

•9 genes from DMR with 

altered RNA expression

Result: 

•6/9 methylation defined 

genes connect to the 
genetically defined network

De Jager PL, et al. Nature Neuroscience. 2014;17:1156-1163. 
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• ANK1

• CDH23
• DIP2A
• KIAA0145

De Jager PL, et al. Nature Neuroscience. 2014;17:1156-1163. 

ANK1 and RHBDF2 connect to PTK2B, an 

AD gene that is a key element of the 
signaling cascade involved in modulating the 

activation of microglia and infiltrating 

macrophages. Several other AD genes, such 
as CD33 and EPHA1, connect to this 

molecule as well.

Yu L, et al. Neurology. 2015;84:927-934.

Variants in TMEM106B

serve as a distinct risk 

factor for TDP43

Summary

• Multiple pathologies and resilience factors are associated wit 
AD dementia

• Genomic risk factors for AD dementia operate through a 
number pathways including some in the cerebrovascular 

disease pathway and others involved in immune and 
inflammatory function

• Neuropathologic traits can be exploited for gene discovery 
and mechanistic studies, alone or combined with other layers 
of molecular genomics


