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Neurodegeneration and Vascular Injury 

may be parallel processes
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Outline

• Genetics of Vascular Brain Injury

• Inflammation Genes Impact Brain Aging

• AD Genes Act Through Vascular/Inflam Paths



‘Vascular Injury genes’ can act at various levels
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Genetics of Vascular Brain Injury

• Clinical Stroke is a syndrome with subtypes: 
– Ischemic (large artery, small artery, cardio-embolic)

– Hemorrhagic (lobar, deep)

– Mendelian syndromes with dementia (e.g. CADASIL)

• Subclinical Vascular Brain Injury also has types:
– ‘Covert’ infarcts (most are small, subcortical ‘lacunes’)

– White Matter hyperintensities

– Others 
• Microbleeds, perivascular spaces, DTI, regional volumes

Various Presentations of ‘Small Vessel Disease’



In Neuropathological AD,
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GWAS of Stroke

• 2 prior GWAS: 1 did not find any SNP 
reaching genome-wide significance (249 
cases, 263 controls)

• Another related an Afib associated SNP to 
cardioembolic stroke (1,661 cases, 10,815 
controls)

Closest gene is 50,000kb away, PITX2

1st GWAS discovery



A pediatric eye-brain syndrome, WMH changes in adult humans
and altered actin deposition, hemorrhagic stroke in zebrafish

JCI 2014;124:4877-1881.

PITX2 also associated with non-cardioembolic stroke in 2nd wave 1000K CHARGE GWAS



The Cohorts for 
Heart and Aging 
Research in 
Genomic 
Epidemiology 
(CHARGE) 
Consortium

2nd GWAS discovery



 Association of incident stroke, especially ischemic                      
non-cardioembolic stroke, with locus on chr12p13

rs11833579
rs12425791

N= 19,602 with

1,544 incident strokes

GWAS of Incident Stroke

CHARGE



Ikram M et al. N Engl J Med 2009;10.1056/NEJMoa0900094

Associations in 
Containing NINJ2

Ninjurin-2: Transmembrane protein in 
the “nerve-injury-induced protein” family





Inverse Association with Memory

• NINJ2 (rs11833579 )

– Associated  with memory decline (p=9x10-5) &

– With AD susceptibility 

– In Religious Orders Study/ Memory and Aging Project 

(p=0.001)

– In CHARGE (p=0.02). 

). 



Independent of relation to CHD



Gene for long non-coding RNA, ANRIL
Top SNP rs10757274 at 9p21.3 is associated with ANRIL expression in atheromatous plaque 

Zhang et al., Stroke 2012; 43:14-21.

Congrains A et al., Int. J. Mol. Sci. 2013; 14:1278-1292

Also associated with generalized aggressive periodontitis Ernst FD et al., BMC Med Gen 2010



3,548 affected, 5,972 controls; replication in 5,859 affected, 6,281 controls.

Bellenguez C et al., Nat Genet 2012

4th GWAS discovery



Genotyping and phenotyping in 1838 
carotid plaque samples from Athero-
Express Study and mRNA expression in 
PBMC showed allele specific differences in 
HDAC expression.

In mouse models, HDAC KO mice had less 
atheromatous plaque and different plaque 
composition

Stroke 2015



Decreased inflammatory cytokines and chemokine production in HDAC9-deficient MRL/lpr mice 

through increased PPAR-γ expression. 

©2011 by American Society for Biochemistry and Molecular Biology

Kailin Yan et al. J. Biol. Chem. 2011;286:28833-28843

PPAR-gamma modifies brain 
inflammation

Interacts with RXR

Target of AD treatment trials with 
TZD- pioglitazone, rosiglitazone



Science, 2012



Bexarotene

• Works best in younger mice

• May improve cognition by increasing APOE 
expression, independent of plaque burden

• Genotype dependent effect?

• Hyperlipidemia, hypothyroidism

• Trials: BEAT-AD (Cummings), ReXceptor (Landreth)



CDC5L associated with tumor progression in gliomas; 
6p21.1 region also has VEGFA, TREM2 genes
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Combining Immunochip based discovery with GWAS based replication



rs10744777, an eQTL for ALDH2 

Kilarski L L et al. Neurology 2014;83:678-685

© 2014 American Academy of Neurology

Implicated in hepatic inflammation,
AD & PD (small studies), cognition
(neuroCHARGE)



Summary of Ischemic Stroke Genes

ALDH2



International Stroke Genetics 
Consortium (ISGC) Sites

WTCCCMETASTROKE



Foxf2-expressing neural crest cells are progenitors of cerebrovascular mural cells 

Inactivation of Foxf2 leads to hyperplasia and defective differentiation of brain 

pericytes, a leaky BBB, and attenuation of Pdgfrβ and Tgfβ-Smad2/3 signaling

Brain hemorrhages in zebrafish, mice; FOXF2 was top gene associated with ‘all 

stroke’ and ‘ischemic stroke’ in CHARGE 2nd wave (1000K) GWAS





Putative Associations on PON1 with WMH and 
with AD, PD, ALS



GWAS of White Matter Hyperintensities in CHARGE

Fornage et al., Ann Neurol. 2011;69:928-939

N=12,385

17q25: rs3744028, P=4.0x10-15; rs1055129, P=2.6x10-11

TRIM65, TRIM 47, FBF1, WBP2



CHARGE: GWAS of WMH, 1000G

TRIM65

PDCD11/NEURL/SH3PXD2A
HAAO

29 population based cohorts; 
17,936 EA, 1,943 AA, 795 Hispanic 204 Chinese, and 201 Malays

PMF1 EFEMP1 

TRIM65

PDCD11/NEURL/SH3PXD2A

Chr1q22 near PMF1

HAAO

Verhaaren et al; Circulation CVG, 2015



all ICH

non-lobar ICH

Lobar ICH
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Fold-enrichment plots of enrichment vs nominal −log10 P values (corrected for inflation) in 

Alzheimer disease (AD) below the standard GWAS threshold of P<5×10−8 as a function of 

significance of association with CRP

Copyright © American Heart Association, Inc. All rights reserved.

Rahul S. Desikan et al. Circulation. 2015;131:2061-2069



Cell 2013 153, 707-720DOI: (10.1016/j.cell.2013.03.030) 

Copyright © 2013 Elsevier Inc. Terms and Conditions

http://www.elsevier.com/termsandconditions




Courtesy H Soreq
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IGAP AD Mega-meta Manhattan plot

>74,046 persons, 10 new loci + SORL1 = 22 LOAD genes

Stage 1: 1000G GWAS (8M SNPs) in 17,008 AD cases, 37,154 controls 

Stage 2: Custom chip: 11,632 SNPs in 8,572 AD cases, 11,312 controls 

~25 LOAD loci/genes identified to date through GWAS



Newer Late-Onset AD Genes 

• APP/Tau: SORL1, CASS4, FERMT2, BIN1

• Clathrin-mediated endocytosis: PICALM, BIN1

• Lipid Metabolism: APOE, CLU (APOJ), ABCA7, SORL1, CELF1

• Immune/Inflammation: APOE, CR1, CLU, ABCA7, EPHA1, CD2AP, 

HLA-DRB5/DRB1, CD33, INPP5D, MEF2C

• Synaptic Function and Plasticity: PICALM, BIN1, MEF2C, PTK2B

• Cytoskeletal function, axonal transport: CELF1, NME8, EPHA1 

(axonal guidance)



Date of download:  9/24/2014
Copyright © 2014 American Medical 

Association. All rights reserved.

From: Cerebrovascular Effects of Apolipoprotein E: Implications for Alzheimer Disease

JAMA Neurol. 2013;70(4):440-444. doi:10.1001/jamaneurol.2013.2152

Figure 1. A schematic showing that astrocyte-secreted apolipoprotein E2 (apoE2) and apoE3, but not apoE4, signal to pericytes via 

low-density lipoprotein receptor-related protein 1 (LRP1), suppressing the cyclophilin A (CypA)–nuclear factor κB (NFκB)–matrix 

metalloproteinase 9 (MMP-9) proinflammatory pathway that causes blood-brain barrier (BBB) breakdown by MMP-9–mediated 

degradation of tight junction and basement membrane proteins. Dysfunction of the BBB is associated with accumulation of several 

neurotoxins in the brain, affecting neuronal function and contributing to the development of neurodegenerative changes. Modified

from Bell et al.

Figure Legend:



Braskie et al., 2011





CD33

• rs3865444C risk allele associated with ↑ 
expression in monocytes, ↑ activated 
microglia, ↑amyloid on PET

Bradshaw et al., Nature Neuroscience, 2013



N Engl J Med 2013; 368:107-116 &117-127

‘Trigger Receptor 

Expressed on 

Myeloid Cells 2’ protein

On chromosome  6

R47H (rs75932628)

27 rare variants; 

>1 more risk variant

May activate microglia

to permit beta-amyloid 

oligomer removal

Polycystic lipomembranous

osteodysplasia

with sclerosing

leukoencephalopathy,

(Nasu-Hakola)

Identified Novel Pathway, Possible Drug Target



TREM2 distribution in patient with AD and TREM2 rare variant





Summary

• Phenotypic studies support role for inflammation, 
vascular injury in neurodegeneration

• As yet, genetics provides only a series of intriguing 

clues-

• May be premature to craft an overarching hypothesis

• Certainly needs further studies
– with human and animal model data

• Interventions will likely need to be carefully targeted 
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