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QUESTIONS FOR TODAY

~ »What is Alzheimer's Disease (AD)?2

-How can sex* differences help us answer important questions about AD?
-Who’r factors promote AD in women?

-How can we help individuals to reduce their risk of cognitive decline?¢

* biological sex dichotomized, but sometimes incorporating gender factors. Ifs
complicated and I'm oversimplifying



WHAT IS AD?

e Brain disease which is the most common cause of dementia

« Dementia is the progressive loss of cognitive abilities and independence due
to brain disease
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WHAT DOES AD DO TO THE
BRAIN®
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Tau-meditated neuronal injury and dysfunction _—7
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TAU PATHOLOGY )

« A) healthy form stabilizes microtubules
« B) oligomers build up in cells and likely propagate cell-to-cell

« C) build up in cell body as infracellular neurofibrillary fangles, preventing
normal functioning of cell

* D) Neurite dies, leaving only extracellular NFT or ghost fangle

From Signaevsky et al. 2019



TAU SPREAD IN THE BRAIN: BRAAK STAGES

Stages |-l Stages llI-IV Stages V-VI

WHAT IS AD2 Van Oostveen et al 202
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HOW DO WE MEASURE TAU<¢

LumBar Puncthene {Spinal Tap)

Autopsy
Cerebrospinal fluid
PET

... and now plasma
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Tau PET Imaging
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WHAT ABOUT
NEUROINFLAMMATION<¢

Available online at www.sciencedirect.com

ScienceDirect
Biomedical Journal
journal homepage: www.elsevier.com/locate/bj
Review Article
Tau and neuroinflammation: What impact for

Alzheimer’s Disease and Tauopathies?

Cyril Laurent “"*, Luc Buée “”*, David Blum *>~"

# University of Lille, Lille, France
® Inserm UMR-S 1172, “Alzheiumer & Tauopathies”, Lille, France
© Labex DISTALZ, Lille, France
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2022 Azheimer’s Drug Development Pipeline
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e >99% failure rate

 Trials cost billions and

take years

« But...hope with new
breakthroughs and
understanding of
modifiable risk

« Could sex stratification

help us to find

effective treatmentse

Early life

Percentage reduction in dementia prevalence

. if this risk factor is eliminated
Less education

%
A "
) Hearing loss

] Traumatic brain injury
Midlife
Hypertension

" Alcohol
>21 units per week

Obesity

Smoking

Depression

Social isolation ;
Later life

Physical inactivity
Air pollution

Diabetes

Potentially
modifiable
40%

Risk unknown
60%

Cummings et al., 2022; Lancet Commission,
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EXPRESSION

Yaw scores on verbal fluency
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WHAT DO WE USE TO TEST
MEMORY IN AD?

Benedict et al, 2012 (faux CVLT stimuili)
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VERBAL MEMORY, WOMEN"S

J Alzheimers Dis. 2017 : 56(3): 947-957. doi:10.3233/JAD-160716.

Does the female advantage in verbal memory contribute to
underestimating AD pathology in women versus men?

Erin E. Sundermann, PhD?, Anat Biegon, PhDP, Leah H. Rubin, PhD, MPH¢, Richard B.

Lipton, MD?3, Susan Landau, PhDY, Pauline M. Maki, PhD®, Alzheimer’s Disease
Neuroimaging Initiative¥

DVANTAGE?
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DIFFERENCE IN COGNITION CAN

IMPACT TRIAL DESIGN

5-item Optimal

- Female

="WViaie

0.2 + — ADNI-PACC: Optimal

= ADNI-PACC: One Item (MMSE)
= ADNI-PACC: Standard

0.1+

Check for
updates

- Dementia

ELSEVIE Alzheimer’ & Dementia: Translational Research & Clinical Interventions 5 (2019) 508-514

Alzheimer’s
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Featured Article
Sex-specific composite scales for longitudinal studies of incipient
Alzheimer’s disease

Sarah J. Banks™*, Benjamin Shifflett”, Jody-Lynn Berg®, Erin Sundermann®, Guerry Peavy®,
WHAT |S /A\D2 Mark W. Bondi“", Steven D. Edland”, for the Alzheimer’s Disease Neuroimaging Initiative'
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F

PRECLINICAL PHASE

Study on A4 by Xin Wang
Cognitive test results in preclinical

AD show sex diffs in relation to tau
PET




"WOMEN ACCUMULATE MORE TAU

Tau Distribution

Men
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Sex differences in Alzheimer’s disease: do differences in tau explain
the verbal memory gap?

Sarah J. Banks®P* Murray ]. Andrews?, Leonardino Digma?, John Madsen?, Emilie T. Reas?,
Jessica Z.K. Caldwell® Linda K. McEvoy", Chun Chieh Fan¢, Anders M. Dale*®¢

WHAT |S AD? lzheimerl disease Neuroimaging Initiative*
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m— BURDEN (OF TAU)

Study 1: In Vivo PET Analysis

Plot residuals |
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- E
S S
> e
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doi:10.1093/braincomms/fcaa025 BRAIN COMMUNICATIONS 2020: Page | of 12| %
Tau Burden Women Men
Sex
¢ 2: Post Mortem Path Analysis
. BN Women
Women can bear a bigger burden: ante- and " m—en
post-mortem evidence for reserve in the s
face of tau =
el
Leonardino A. Digma,I John R. Madsen,I Robert A. Rissman,"2 Diane M. jacobs,l E
James B. Brewer ' and Sarah J. Banks'"*, for the Alzheimer’s Disease Neuroimaging
Initiative™
Braak 1/2 Braak 3/4 Braak 5/6



RELATIONSHIP BETWEEN RSFMRI
AND TAU

Building on Franzmeier’s (2020) work showing
functionally highly-connected regions show similar
tau PET increase
Postdoc Rachel Bernier studied sex differences in
cognitively normal adults from ADNI (in prep)
Focused on the idea of “small-worldness” which
can be seen as network efficiency
No overall sex differences in mean small-worldness
or average path length, but significant sex x small
worldness interactions on tau in Braak regions llI/IV
and V/VI

= Relationships are seen in women, but not men

BRAAK1 SUVR
BRAAK34 SUVR
BRAAKS56 SUVR

BRAAK1 SUVR
BRAAK34 SUVR
BRAAKSEE SUVR

o
~

1.9 21

Average Path Length



= women * men o

amyloid- negative ® amyloid-$ positive
W Amyloid plaques
o~ 4 Tau tangles

neurcnal colls

Sectation l

Tau in CSF
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women: B=0.03; P=0.0002
men: B=0.06; P=0.4

amyloid- negative ® amyloid-f posi
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Plasma p-tau181 (pg/mL)

Molecular
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ARTICLE
Sex differences in plasma p-tau181 associations with

Alzheimer's disease biomarkers, cognitive decline,
and clinical progression

Amarylis A. Tsiknia’, Steven [. Edland’, Erin E. Sundermann™*, Emilie T. Reas’, James B Brewer’, Douglas Galaskao',
. : ( 20 40 60

Sarah J. Banks (3" and for the Alzheimer’s [Hsease Neurcimaging Initiative® 0
Plasma p-tau181 (pg/mL
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CSF p-tau181 (pg/m




» AD & MCI

F: 3=53.77(1.06,106.48]; p=0.046
M: 3=-44.84 [-82.8, -6.89], p=0.021

MMP9: A POTENTIAL
MECHANISM?

» Endopeptidase which has wide ranging roles in healthy
condifions but in disease can be dysregulated causing BBB
breakdown and neuroinflammation

= Measures in blood are higher in MCIl and AD than healthy
cognition

1.6 2.0 24

plasma free MMP-9 (ng/mL)

== famale male

= Estrogen regulates MMP9 pathways

w

= Potentially a sex and genotype specific intervention?

RESEARCH Open Access
I"j

Sex differences in Alzheimer’s disease: .
plasma MMP-9 and markers of disease severity

Slope of MMSE scores (points/year)

- 00

1.75 2.00 225 2.50 275
Baseline plasma total MMP-9 (pg/mL)
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WHAT ABOUT GENETICS?




ASSOCIATED WITH
APOE €4 & TAU IN WOMEN, NOT MEN

i “ "t~ at least one’
( female ) ( copy of ‘:
' sex / % APOE ¢4
blood _—
pressure

higher : higher levels
cardiovascular _ of cortical tau
disease risk deposition

diabetes

cholesterol

W
;

Sex and APOE &4 modify the association between cardiovascular disease risk and cortical tau

= Mmale APOE e4+
=~ female APOE e4+

https://doi.org/10.1093/braincomms/fcac035 BRAI U UNICATIVIND ZUZL: Fage | of

entorhinal cortex tau

inferior temporal cortex tau
composite temporal cortex tau

Sex and APOE &4 modify the effect of

cardiovascular risk on tau in cognitively normal
older adults

Framingham Cardiovascular Disease Risk (%)

Amaryllis A. Tsiknia,' Emilie Reas,' Katherine ). Bangen,z’3 Erin E. Sundermann,’

WHAT |S AD? Linda McEvoy,"’5 James B. Brewer,""* Steven D. Edland,’ Sarah ). Banks''? and for the
: Alzheimer’s Disease Neuroimaging Initiative®




WHAT IS AD?

WOMEN AND MEN DIFFER IN GENETIC RISK
FACTORS

A AD onset B Pathological Confirmed AD onset C Annual changes in CDR-SB

PHS sex matched
PHS sex mismatched
PRS sex matched

PRS sex mismatched

151 1.2
Hazard Ratios

doi:10.1093/brain/awaal 64 BRAIN 2020: 143; 2272-2280 | 2272

A JOURNAL OF NEUROLOGY

Sex-dependent autosomal effects on clinical
progression of Alzheimer’s disease

Chun Chieh Fan,'* Sarah ). Banks, 2" Wesley K. Thompson,3 Chi-Hua Chen,*
Linda K. McEvoy,3'4 Chin Hong Tan,5 Walter Kukull,‘s David A. Bennett,7 Lindsay A. Farrer,8
Richard Mayeux,9 Gerard D. Schellenberg,Io Ole A. Andreassen,I ! Rahul Desikan'?* and



Figure 1 Comparison of tau PET in each ROl by women-specific SNPs
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AY DO SEX DIFFERENCES MATTER®

ADAS-Cog14 ADCS MCI-ADL

Adjusted Percent Adjusted Percent
No. of Participants Favors lecanemab Mean Slowing of No. of Participants Favors lecanemab Mean Slowing of
(placebo, lecanemab) Difference  Decline (%) (placebo, lecanemab) » Difference Decline (%)

Overall 872, 854 -1.44 26 Overall 796, 783 2.02 37

ApoE4 Genotype Status ApoE4 Genotype Status
Noncarrier 273, 266 Noncarrier 245, 234
Heterozygote 467, 453 Heterozygote 430, 422
e AOZY OO e, 132135 boiadyaal il

Sex Sex
Female 462, 441 Female 416, 399

Male 410, 413 Male 380, 384
Age Age

<65 177, 165 <G5 166, 151

65-T4 380, 365 65-74 356, 343

=75 315, 324 =75 274, 289
Ethnicity - Global Ethnicity - Global

Hispanic 108, 107 Hispanic 95, 95

Non-Hispanic 740, 711 Non-Hispanic 677, 653
Race - Global Race - Global

White 674, 652 White 616, 604

Asian 148, 146 Asian 132,127

Black 24, 20 Black 22,17
Ethnicity — United States Ethnicity — United States

Hispanic 99, 100 Hispanic 86, 90

Non-Hispanic 354, 353 Non-Hispanic 329, 325
Race- United States Race- United States

White 429, 430 White 392, 305

Black 21,19 Black 20, 16

I I 1 I I 1 I I I

-6 -4 -2 2 4 -4 -2 2 4 <]
Adjusted Mean Difference in ADAS-Cog14 versus Placebo (95% CI) Adjusted Mean Difference in ADCS MCI-ADL versus Placebo (95% CI)
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Women: Inflammation and Tau Study

« Co-lead with Dr. Erin Sundermann, original
funding from CDPH

« Does inflammation promote tau in womene

Do modifiable risk factors (sleep apneaq,

sedentary behavior, diet) promote inflammatior
in womene



Participants
« 110 women aged 65+ with elevated risk of AD based on:
« Upper 50 percentile of AD polygenic hazard score
* Mild cognitive impairments demonstrated on MoCA (17-26)

Recruitment

IVA\BING

« Clinic

« Postcards

« Community resources

* Via collaboration

Remote Screening Visit

« Zoom MoCA

« Shipment of saliva kit for DNA testing through Diagnomics
Longitudinal Study Design

« 4 study visits (2 at baseline and 2 oo?/eor later) involving remote cognitive battery, MRI
and PET scans, blood draw, LP, and 1-week of wearing watch-sized devices to measure
sleep and physical activity.
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Remote Screening

Brief thinking test, questionnaires, saliva sample

Visit T~
Blood draw, lumbar puncture, thinking tests, MRI
brain scan

] Week i Activity device wor AT HOME
o o during 1 week inte SLEEP STU DY
Visit 2

PET brain scan

4 VIONIN —
Visit 3
MRI brain scan and thinking tests

" Visit 4

PET brain can

UCSan Diego

SCHOOL o MEDICINE




) Interaction: B=2.327e-04 , B=1.406, SE=8.407e-05 , p=.006
Interaction: B=-0.019, f=-0.168, SE=0.019, p=.323 Women: B=-2.699¢-04, B=-0.493, SE=7.827e-05, p=.001
Men: B=1.013e-05, 3=0.023, SE=4.553e-05, p=.824
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05 0.0 05 10 RESEARCH ARTICLE
Log TNF-a Level (pg/mL)

The neuroinflammatory marker sTNFR2 relates to worse
STNFR2 associatfion with cognition is cognition and tau in women across the Alzheimer’s disease
mediated by CSF ptau 181 spectrum

Rachel A. Bernier? | SarahJ.Banks®' | Matthew S. Panizzon?® | Murray J. Andrews® |

Emily G. Jacobs® | DouglasR.Galasko' | AlyxL.Shepherd® | Katerina Akassoglou®®’ |
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for the Alzheimer’s Disease Neuroimaging Initiative® '






« Bafttery designed to compare with ADNI

« Also focus on nonverbal memory

« Brief-Visuospatial Memory Test-R

« Does not show sex differences like verbal memory

ifs
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ASSOCIATIONS BE

36

'WEEN TAU PET

AND VISUAL VS VE

* Presented by Alyx Shepherd at AAIC 2022

B [e)] (o]
o o o

% Correct on delayed recall
N
o

% Correct on delayed recall

o

1.0 1.2

RBAL MEMORY

1.0 1.2

Metatemoral Tau PET SUVR ' - BRAAK Il and IV Region PET SUVR

BVMT Delayed Recall == RAVLT Delayed Recall BVMT D

WHAT IS AD?

ELAYED RECALL == RAVLT DELAYED RECALL
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‘ r=0.62, p=0.01
4 6 8
PSQl Global Score

BVMT: r=-0.63, p=0.03
LM: r=-0.24, p=0.39
RAVLT:-0:29,p=0.30

Work by grad student Kitty Lui
- Strong relationships between OSA and tau

Memory delayed

2 4 6 8
- But, even strong relationships between self reported Poql Global Score
BVMT-R LOGICAL MEMORY RAVLT

Sleep and tau BVMT: r=-0.51, p=0.05

LM: r=0.09, p=0.75
RAVLT:-0.36,p=0.19

()

o
o

Nonverbal memory also closely related to both tau and
= poor sleep

-

recall (%)
o
FN

¢

Memory delayed

o
o

a4 ¥ 1.0 1.2 1.4
Aid A Meta temporal ROl SUVR
. Figure. Associations between PSQI global score, tau
. PET SUVR in meta temporal ROI, and delayed recall
, performance (%) across three memory tests, while
controlling for age (n=16)
b |
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MAKING WITS MORE INCLUSIVE

Percentage of Adults Aged 65 and Older with
Alzheimer’s Disease by Race and Ethnicity

African Hispanics
American

il T
{ % cbC] www.cdc.gov/aging

Centers for Medicare and Medicaid Services, 2014
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HY DOES RACE MATTER IN'ATS
STUDIES?

ADAS-Cog14 ADCS MCI-ADL

Adjusted Percent Adjusted Percent
HNo. of Participants Favors lecanemab Mean 5|0Vfil15] of No. of Participants Favors lecanemab Mean SlO'-'f'lﬂlJ of
(placebo, lecanemab) * Difference  Decline (%) {placebo, lecanemab) > Difference Decline (%)

Overall 872, 854 -1.44 26 Overall 796, 783 2.02 37

ApoE4 Genotype Status ApoE4 Genotype Status

MNoncarrier 273, 266 Noncarrier 245, 234

Heterozygote 467, 453 Heterozygote 430, 422

Homozygote 132,135 Homozygote 121, 127
Sex Sex

Female 462, 441 Female 416, 399

Male 410, 413 Male 380, 384
Ape Age

<65 177, 165 <65 166, 151

65-74 380, 365 65-T4 356, 343

275 315,324 275 274, 289
Ethnicity - Global ! Ethnicity - Global

Hispanic 108, 107 Hispanic 95, 95

Non-Hispanic 740,711 Mon-Hispanic 677, 653
Race - Global Race - Global

White 674, 652 White 616, 604

Asian 148, 146 Asian 132, 127

Black 24, 20 Black 2217
Ethnicity — United States Ethnicity — United States

Hispanic 94, 100 Hispanic 86, 90

Non-Hisganic 354, 353 2 Non-Hispglic 329, 325
Race- United States Race- United States

White 429, 430 White 392, 395

Black 21,19 Black 20,16

I 1 I I 1

-6 -4 -2 2 4 -4 -2
Adjusted Mean Difference in ADAS-Cog14 versus Placebo (95% CI) Adjusted Mean Difference in ADCS MCI-ADL versus Placebo (95% CI)
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BWITS

Newly funded RO1

Will allow us to leverage plasma markers 1o bring WITS to the community
Will recruit using Community Based Participatory Research practices
50 women in Los Angeles (with Dr. April Thames)

50 women in San Diego (with Dr. Marc Norman)

No imaging or lumbar puncture, but otherwise reflects WITS protocol = |
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DY OF LATINOS: INVESTIGATION
OF NEUROCOGNITIVE AGING

« Recent A&D publication on reproductive history
and cognitive outcomes with Hector Gonzalez and

Ariana Stickel: oral contraceptive use associated
with less cognitive decline

« Plasma tau markers grant just funded
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WHAT IS AD?

HOW CAN WE HELP REDUCE RISK?¢

With Howard Feldman and Sara Moukarzel

= |ncreasing recognition of modifiable risk
factors

= |ncluding sleep disruption, poor diet
and low exercise assessed in WITS

= How do we educate and empower
older adults to make lifestyle changese

HALT-AD
 RISK & EXPRESSION ~ ADInWOMEN ~ REDUCERISK




HALT-AD

« Healthy Activities and Lifestyles to Avoid Dementiqa, or Hispanos y el ALTo a la
Demencia

« Educational program, delivered online 1o provide quality information about
modifiable risk factors

« Accompanied by psychosocial support groups via Zoom

WHAT IS AD?




ONALIZED AND INTERACTIVE USER
EXPERIENCE

wll Figma & @ B 100% = ull Figma & 9 3 100% == all Figma & @ % 100% = ull Figma 9 3 100% (==

HALT-AD HALT-AD

My Personalized Program

. Being physically active, having
Diet Score good quality sleep and following
a healthy diet reduces your risk
of developing dementia. Set your
goals to improve your lifestyle
2COIeS: Exercise

We're personalizing

your Learning Program Here's your personalized

learning program

Moderate

Exercise Score Diet .
E] 10 mins

Being physically active reduces your risk of
developing dementia. This module will help
you understand the benefits of physical
activity.

Moderate

Sleep Score Exercise

Moderate

WHAT IS AD?




Physical Activity Cerebrovascular Health

_Mindfulness

 vEDarEHEATINURAD

Introduction § } R “ H A LT-A D | , gliaelrt?;ggligg for




THANK YOU 9 PublicHealth
Participants

ADNI

alzheimer’s )Y
association’

Funding sources including National Institute on Aging

Human Memory Lab
WITS Lab
HALT AD Group

WOMEN’s
ALZHEIMER’
MOVEMENT

WHAT IS AD?
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THANK YOU!

sbanks@health.ucsd.edu
Twitter: @super_brains



mailto:sbanks@health.ucsd.edu

Longitudinal tfau propagation
pathways depends on baseline
microglia network

ARTICLES nature, .
https://doi.org/10.1038/541591-021-01456-w medlcme

W) Check for updates

Microglial activation and tau propagate jointly
across Braak stages

Tharick A. Pascoal ©®'234% Andrea L. Benedet®3, Nicholas J. Ashton>¢”, Min Su Kang®3#,

Joseph Therriault©3, Mira Chamoun?, Melissa Savard?, Firoza Z. Lussier®3, Cécile Tissot®3,

Thomas K. Karikari®, Julie Ottoy®®, Sulantha Mathotaarachchi?, Jenna Stevenson®, Gassan Massarweh?,
Michael Schéll*©", Mony J. de Leon™, Jean-Paul Soucy*, Paul Edison®, Kaj Blennow>"4,

Henrik Zetterberg>"*"5, Serge Gauthier® and Pedro Rosa-Neto® 34X

Tau ~ microglial activation
transentorhinal*Ap global

,ﬁ‘

MICROGLIAL ACTIVATION PROMOTES
SPREAD OF TAU ON AD TRAJECTORY

Tau ~ microglial activation
Braak IV *Ap global




MY BACKGROUND

Undergrad in psychology at University of Edinburgh

Grew up in London

Worked as a RA at the Oxford Infirmary (nheurosurgical hospital, epilepsy and
movement disorders)

PhD at Notherwestern in Chicago (PPA, FID, AD)
—course on MRI at Martinos/MGH

Internship at University of Chicago (first imaging lab)
Postdoc at the Montreal Neurological Institute (epilepsy, MRI)

First faculty/clinical position at the Cleveland Clinic Lou Ruvo Centerin Vegas
- Director Jeff Cummings intfroduced me to Bill Jagust as mentor on P20 COBRE grant

UCSD, Associate Professor in Neuroscience/clinical
- First independent federal and state funding
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