
7/22/22

1

Adam M. Brickman
Taub Institute

Department of Neurology
College of Physicians and Surgeons

Columbia University

White ma)er hyperintensi/es are a core 
feature of Alzheimer’s disease:

Evidence from late onset and gene2c forms

1

• Consultant/Scientific advising: 
– Keystone Heart, Ltd
– Cognition Therapeutics, Inc
– F. Hoffmann-La Roche, Ltd
– Regeneron Pharmaceuticals, Inc
– CogState

• Equity:
– Venus MedTech (via Mars Holding Company)

• Funding: 
– National Institutes of Health (NIH)/National Institute on Aging (NIA)
– Alzheimer’s Association
– Columbia University
– Mars Symbioscience

Disclosure

2



7/22/22

2

• Alzheimer's disease classification and some caveats

• Vascular brain injury (white matter hyperintensities--
WMH) in dementia and Alzheimer's disease 

• Is vascular brain injury a “core feature” of 
Alzheimer’s disease?

Agenda
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Alzheimer’s disease: Probabilistic diagnosis 

McKhann et al., 1984 Neurology

Probabilistic diagnosis
• Probable AD: Dementia syndrome, rule out of 

any other potential cause of dementia
• Possible AD: Dementia syndrome, some 

question about onset and course, and may be 
present in the context of other causes of 
dementia that are not considered primary

• Definite AD: Probable AD + histological 
confirmation from biopsy or autopsy (only 
after death)
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AD: Age of biomarkers

Jack CR et al, 2010.  Lancet Neurology, 9, 119-128
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Diagnosing based on putative etiology

Sperling et al., 2011; Albert et al., 2011; McKhann et al., 2011
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Diagnosing based only on biomarker status 
without consideration of symptoms
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Biomarker diagnosis: AT(N)C
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Biomarker diagnosis: AccumulaDng evidence

Slide courtesy of Renaud La JoieLa Joie et al., 2020.  STM
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Caveats

A i z e n s t e i n H J ,  N e b e s R D ,  S a x t o n  J A ,  e t  a l .  F r e q u e n t  A m y l o i d  D e p o s i t i o n  W i t h o u t  S i g n i f i c a n t  C o g n i t i v e  I m p a i r m e n t  A m o n g  t h e  E l d e r l y .  A r c h i v e s  o f  n e u r o l o g y .  N o v e m b e r  1 ,  2 0 0 8  2 0 0 8 ;6 5 ( 1 1 ) :1 5 0 9 - 1 5 1 7 .

M i n t u n M A ,  L a r o s s a G N ,  S h e l i n e Y I ,  e t  a l .  [ 1 1 C ] P I B  i n  a  n o n d e m e n t e d p o p u l a t i o n :  p o t e n t i a l  a n t e c e d e n t  m a r k e r  o f  A l z h e i m e r  d i s e a s e .  N e u r o l o g y .  A u g  8  2 0 0 6 ;6 7 ( 3 ) :4 4 6 - 4 5 2 .

R e i m a n E M ,  C h e n  K ,  L i u  X ,  e t  a l .  F i b r i l l a r a m y l o i d - b e t a  b u r d e n  i n  c o g n i t i v e l y  n o r m a l  p e o p l e  a t  3  l e v e l s  o f  g e n e t i c  r i s k  f o r  A l z h e i m e r 's  d i s e a s e .  P r o c e e d i n g s  o f  t h e  N a t i o n a l  A c a d e m y  o f  S c i e n c e s  o f  t h e  U n i t e d  S t a t e s  o f  A m e r i c a .  A p r  2 1  2 0 0 9 ;1 0 6 ( 1 6 ) :6 8 2 0 - 6 8 2 5 .

J a c k  C R ,  J r . ,  L o w e  V J ,  S e n j e m M L ,  e t  a l .  1 1 C  P i B a n d  s t r u c t u r a l  M R I  p r o v i d e  c o m p l e m e n t a r y  i n f o r m a t i o n  i n  i m a g i n g  o f  A l z h e i m e r 's  d i s e a s e  a n d  a m n e s t i c  m i l d  c o g n i t i v e  i m p a i r m e n t .  B r a i n .  M a r  2 0 0 8 ;1 3 1 ( P t 3 ) :6 6 5 - 6 8 0 .

L o c k h a r t  A ,  L a m b  J R ,  O s r e d k a r T ,  e t  a l .  P I B  i s  a  n o n - s p e c i f i c  i m a g i n g  m a r k e r  o f  a m y l o i d - b e t a  ( A b e t a )  p e p t i d e - r e l a t e d  c e r e b r a l  a m y l o i d o s i s .  B r a i n .  O c t  2 0 0 7 ;1 3 0 ( P t 1 0 ) :2 6 0 7 - 2 6 1 5 .

• ~30+% of older adults without dementia have significant amyloid deposition detected with 
PET or at autopsy without any apparent cognitive impairment.

• IDEAS study: about 30-50% of patients diagnosed with MCI/AD by dementia experts were 
amyloid negative (Rabinovici et al.)

• Successful amyloid reduction in clinical trials has nominal (if any) effect on cognition (Ackley 
et al., 2019)

• Tau appears more linked to cognition, even independent of or in the absence of amyloid
• Individual risk: Given a specific biomarker profile, we still don’t know what the risk of AD is 

in a given period of time for a single individual and there is tremendous variability (40% PPV 
over a 5-year period in  Aβ+ individuals)

AlzForum, 10/14/2012
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Does pure Alzheimer’s disease exist?

Kapasi, DeCarli, & Schneider, 2017 Acta Neuropathol

AD + 
OD + V AD + 

OD + V

AD + 
OD + V
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• Diabetes
• Insulin resistance
• High blood pressure and hypertension
• Atrial fibrillation
• Hypercholesterolemia
• Midlife central obesity
• APOE
• Presumably, increase risk for AD is due to 

proximal vascular damage in the brain
• Cumulative vascular burden may put the 

brain’s white matter at particular risk of injury
www.graphicshunt.com

Does pure Alzheimer’s disease exist?
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Why might white matter be particularly vulnerable?

Shih et al. (2013).  Nature Neuroscience, 16, 55-63.

Fotuhi (2009), Nature Rev, Neurol; Moody et al (1990).  AJNR, 11, 431-439

• Vascular supply throughout the 
brain is not uniform.  

• WM is perfused mostly by delicate 
arterioles that are quite vulnerable 
to damage or pathology

13

Why might white ma9er be par2cularly vulnerable?

Anderson VC et al. (2011).  Cardiovasc Psychiatry Neurol

• Arterioles/capillaries in WM are 
particularly delicate and leaky

• Astrocytes form tight junctions 
with the capillaries (BBB)

• Damage to the capillaries and/or 
astrocytes can make vessels 
more leaky, allowing toxic 
materials to enter and reducing 
blood flow, nutrient delivery, and 
the ability to clear toxic material, 
increasing risk of neuronal 
damage

• Damage can be caused by factors 
that accumulate across the 
lifespan (genetic, HTN, 
inflammation, mechanical injury, 
oxidative stress, etc) and/or by 
frank pathology (Aβ)

BBB breakdown
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Why might white matter be particularly vulnerable?

Brown WR et al., 2002, J Neurol Sci

Tortuous arterioles

Grey matter

White matter

16

WMH

With Frank Provenzano, Jordan Muraskin, Atul Narkhede, and Kay Igwe 
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Pathology

Non-ischemic, demylenaaon
secondary to ependymal gliosis, 
WM rarefacaon

Ischemic in nature, 
perivascular reduction in 
lining, rarefaction of myelin, 
fiber loss, arteriolar sclerosis, 
etc.  Pathogenic mechanisms? 

Most consider WMH to reflect rarefaction of white matter secondary to small-vessel occlusive disease* 

18

• Are white matter hyperintensities, as a marker of 
small vessel disease,  a core feature of AD and 
involved with the pathogenesis and/or clinical 
presentation of AD?
• Do WMH interact with other biological markers of 

AD and what drives that interaction?
• Can we leverage neuroimaging to inform our 

conceptualization of AD and identify potential 
treatment targets?

Overall questions
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WHICAP & Offspring: Imaging

OFFSPRING WHICAP

N ~550 ~1800

Age 55+10 73+5

Sex/Gender, % women 65% 61%

Race/ethnicity, %
Non-Latinx White 7% 25%

Black/African 
American

24% 35%

Latinx 69% 40%
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WHICAP imaging

• Standard T2-weighted FLAIR 
images.

• WMH volume calculated with 
intensity-driven algorithm.

21
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WHICAP imaging
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MCI

• Neuropsychological 
battery:
–Memory
–Language
–Processing 

speed/ Executive 
function
–Visuospatial 

abilities

• Cognitively normal 
(n=508)

• Amnestic MCI (n=97): 
Impairment in memory 
function

• Non-amnestic MCI 
(n=74): Impairment in 
non-memory domains

• Alzheimer’s disease 
(n=52)

Luchsinger, Brickman, et al., 2009, Neurology
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MCI

Adapted from Luchsinger, Brickman, et al., 2009, Neurology, 11;73(6):450-6
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Regional specificity

Figure 12. Example of regional WMH quantification for one subject in 
WHICAP study.  Upper left: raw FLAIR image.  Upper right and lower 
two: WMH labeled with “hottest” colors indicating most intense voxels.  
Colors correspond  to cerebral lobes (green: frontal, brown: parietal, 
dark green: temporal, blue: occipital, mauve: cerebellum.

Figure 12. Example of regional WMH quantification for one subject in 
WHICAP study.  Upper left: raw FLAIR image.  Upper right and lower 
two: WMH labeled with “hottest” colors indicating most intense voxels.  
Colors correspond  to cerebral lobes (green: frontal, brown: parietal, 
dark green: temporal, blue: occipital, mauve: cerebellum.
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AD: Regional specificity
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Regional specificity: predicting AD (future decline)

HR P

Age 1.075 0.032

Frontal WMH 0.949 0.424

Temporal WMH 1.116 0.903

Parietal WMH 1.197 0.049

Occipital WMH 0.221 0.156

Hippocampal 
volume

0.302 0.701

Controlling for APOE e4, education*, sex, ethnicity
Brickman, et al, 2012
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Predicting future decline

Brickman, et al., 2012
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DO WMH AND AD RISK HANG TOGETHER?
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Parental history of AD associated with WMH

Stamm et al., 2020

Bessie Stamm
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APOE-ε4

Brickman et al., 2014
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Can genetic forms of AD inform the question?

32

DIAN Study: Genetically-determined AD

33
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DIAN Study

34

DIAN Study: Total WMH

Inflection point = 6 years prior to expected symptom onset Seonjoo Lee et al 2016

Seonjoo Lee

35
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DIAN Study: WMH

Inflection point = 7 years prior to 
expected symptom onset 

Inflection point = 22 years prior to 
expected symptom onset 

Seonjoo Lee et al 2016
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Colombia-Boston Biomarker Study of ADAD

Shoemaker et al., 2022

WMH All biomarkers

Yakeel Quiroz

Dorothee 
Schoemaker
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Colombia-Boston Biomarker Study of ADAD

Shoemaker et al., in 2022
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ADDS STUDY; https://www.nia.nih.gov/research/abc-ds
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Fundamental difference in vascular risk in DS 

AD + 
OD + V AD + 

OD + V

AD + 
OD + V

Nicole Schupf, unpublished
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CVD
CEREBROVASCULAR DISEASE

Small vessel Large vessel MicrobleedPVS

Lao et al., Ann Neurol, 2020 Dec;88(6):1165-1177

Patrick Lao
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MRI participants

Lao et al., Ann Neurol, 2020 Dec;88(6):1165-1177
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Total WMH volume

Lao et al., Ann Neurol, 2020 Dec;88(6):1165-1177
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Regional WMH volume

FRONTAL TEMPORAL 

PARIETAL OCCIPITAL 
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Angiogenesis and inflammation

Fahmida Moni
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Cerebrovascular contributions to AD in DS

Amyloid angiopathy

Reduced pericytes (CD18)
BBB breakdown (fibrinogen)

Astrocyte phenotypes

Liz Head
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DO WMH AND Aβ PATHOLOGY INTERACT?
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Provenzano et al., 2013

WMH x AD pathology (ADNI)

Frank Provenzano
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WMH x AD pathology (ADNI)

Provenzano et al., 2013
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WMH x AD pathology (amyloid)

Amyloid imaging
Provenzano et al., 2013

PIB negative PIB positive
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WMH x AD pathology (amyloid)

Provenzano et al., 2013

Among those with 
amyloidosis, those 
with clinical 
symptoms of AD 
had reliably higher 
WMH burden (83% 
sensitivity, 64% 
specificity).  

AMYLOID POSITIVE

AD
NC
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WMH x AD pathology (amyloid)

Provenzano et al., 2013

Both increased WMH 
and amyloid status 
predicted risk for 
future development of 
clinical AD among 
patients with MCI
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DOES CEREBROVASCULAR DISEASE DRIVE TAU 
PATHOLOGY?
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Small vessel CVD promotes neurodegeneration

Rizvi et al., 2021

Batool Rizvi
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…which mediates cognitive impairment

Rizvi et al., 2018

55



7/22/22

28

WMH x AD pathology (tau)

Tosto et al. 2015

Giuseppe Tosto
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ADNI Tosto et al. 2015

More rapid accumulation of 
CSF tau among individuals 
with high (parietal lobe) 
WMH at baseline.  Do WMH/ 
vascular disease potentiate 
intracellular sequestered tau 
or propagate the progression 
of tau pathology?

Does small vessel CVD cause neurodegeneration through tau?
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ADNI

Increase plasma total tau is 
associated with WMH 
volume as a function of 
diagnostic group.

Does small vessel CVD cause neurodegeneration through tau?

Laing et al., 2020
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Krystal Laing
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Transient MCA occlusion “WMH” model

Laing et al., 2020
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tMCAo induces white matter damage

Transient hypoperfusion induces “white matter hyperintensities” (MBP) in mice
Laing et al., 2020
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tMCAo induces tau hyperphosphorylation

Phospho tau (upper) and total tau (lower) immunostaining elevated in occluded mice 
(columns B and C) relative to sham (column A) Laing et al., 2020

62

Jennifer Rabin

Emma Nichols

CAA, tau, and cognition
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Jennifer Rabin

Emma Nichols

CAA, tau, and cognition

1. CAA and neuritic plaque density share little variance
2. CAA drives tau pathology, which drives cognitive decline 

(tau mediates the effect of CAA on cognition), particularly 
among those with high neuritic plaque burden

3. Neuritic plaques drive tau pathology and cognitive decline 
particularly among those with high levels of CAA

Neuritic plaques and cerebrovascular disease in the form 
of CAA interact synergistically on tau pathology and 
cognitive decline
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CAA, tau, and cognition
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CAA, tau, and cognition
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Vascular pathway to AD?

Brickman et al., 3am, sometime in July, 2019 New York Raz, L…Rosenberg, GA., 2019, Neurobiology of Disease
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• Current diagnostic models for AD are insufficiently account for the 
reality of the disease

• Cerebrovascular disease appears to be an important component of the 
AD syndrome, at least by driving the phenotype and clinical incidence

• Cerebrovascular disease and amyloid pathology may interact in some 
critical ways to drive disease expression, such that CVD might be a 
“second hit” necessary for disease expression

• CVD might be contributing to dementia through tau 
hyperphosphorylation and neurodegeneration

• We can leverage neuroimaging to understand individual differences in 
sources of cognitive impairment and severity of disease

• Can we start targeting vascular disease and vascular risk to treat or 
prevent AD?

Conclusions
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What is AD and what isn’t?

AD = Aβ (+ tau)

With or 
without 

symptoms

Well-defined clinical 
syndrome with 

multiple diseases 
present

vs. 

70



7/22/22

35

Lab Current
• Christiane Hale
• Andres Rivera
• Erica Amarante
• Amirreza Sedaghat
• Mohamad Alshikho
• Dejania Cotton-Samuel
• Yina Castillo
• Joncarlos Berroa
• Kelsang Bista 
• Heather Shouel 
• Rafael Lippert
• Clarissa Morales
• Andrea Benavides
• Jeffrey Pyne
• Indira Turney, PhD
• Lok-Kin Yeung, PhD
• Patrick Lao, PhD

Past
• Briana Last
• Vanessa Guzman
• Erica Griffith
• Ben Wasserman
• Mariana Budge
• Cynthia Abinader
• Atul Narkhede
• Batool Rizvi
• Kay Igwe
• Juliet ColonLinggang Luo
• Alex Houck
• Benjamin Maas
• Krystal Laing
• Anthony Chesebro

• Anne Wiegman, MD
• Jamie Hamilton, PhD
• Jordan Muraskin, PhD
• Frank A. Provenzano, PhD
• Sara Ebrahimi, MD PhD
• Irene B. Meier, PhD

71

Collaborators • Jennifer J. Manly
• Frank Barone
• Herman Moreno
• Seonjoo Lee
• Giuseppe Tosto
• James E. Goldman
• Scott A. Small
• Nicole Schupf
• Laura Zahodne
• Jose Luchsinger
• Elizabeth Head
• Donna Wilcock
• Richard Mayeux

72



7/22/22

36

73

Thank you. 
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