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INFOGRAPHIC

The global 1mpact of dementia

Around the world,
there will be one new case
of dementia

every
3 seconds

50 million people worldwide are
living with dementia in 2018.
This number will more than

triple to 152
million by 2050

The total estimated
worldwide cost of dementia
in 2018 is US$1 trillion.
This figure will rise to

US$ 2 trillion
by 2030

World Alzheimer report 2018



Apolipoprotein (APOE) e4 allele:
Largest genetic risk factor for late onset AD
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Why is the e4 allele a risk factor?



ApoE4

AB pathology

Other pathological
processes

(tay pathology, vascular
lesions, neuroinflamation, etc.)

Fouquet et al, 2014



Cognitively healthy older adult e4 carriers

poorer cognitive performance
steeper cognitive decline across the lifespan

[elgiuced brain volume in frontal and medial temporal
obes

lower brain glucose metabolism

altered task-related brain activation patterns: posterior-
to anterior shift

altered functional connectivity with hippocampus



Reported cognitive effects in
child/adolescent e4 carriers

higher 1Qs

(Yu et al 2000; Oria et al, 2005)

higher educatlonal achievement

(Hubacek et al 2001; Taylor et al, 2011)

higher mental development index scores

(Wright et al, 2003)

superior verbal fluency and visual working memory

(Alexander et al, 2007)

higher vocabulary scores

(Acevedo et al, 2010)



Reported cognitive effects in
healthy young adult e4 carriers

superior verbal fluency and visual working memory

(Alexander et al, 2007)

better associative memory

(Mondadori et al, 2007)

better prospective memory, speed of processing, attention and
verbal fluency

(Marchant et al, 2010)

better reasoning and arithmetic skills

(Schultz et al, 2008)

better spatial memory, object location memory

(Stening et al., 2016)



APOE-e4 and cognition across the
life span

e4 polymorphism confers a disadvantage from the outset

- compensatory activations/overactivation at specific sites in the
brain attempt to counteract neurocognitive deficits

(Cabeza et al, 2002; Reiman et al, 2009; Filippini et al, 2010)

e4 polymorphism is associated with cognitive advantages in
ycc)lu’fhhat She cost of disadvantages (eg. poorer ageing) in older
adulthoo

- reflects structural differences/greater neural efficiency/increased
functional connectivity
(Han & Bondi 2008; Han & Tuminello, 2013)

= ..an example of antagonistic pleiotropy after Williams (1957)

m “Selection of a gene that confers an advantage at one age and a
disadvantage at another”




Cognitive assessment:
Do young adult e4s outperform their e3 peers?

Brain Imaging:
Can we see differences in brain structures and brain
activation patterns between e4 and e3 young adults?

What changes at mid-age?

Our work




Experimental approach

e Structural MRI

healthy adult participants DTI +MT + gMT

AN

eFunctional MRI

during selective
young (18-28 yrs) mid-age (45 RS ICRER S
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e Cognitive
challenge battery
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Cognitive assessment:
Do young adult e4s outperform their
e3 peers?



covert attention task

N .> U

60

Validity effect = 50
difference in reaction time
to respond to validly cued
vs invalidly cued targets
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Validity effect (ms)
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Main effect of genotype
F(3' 36) = 6.79, p< 0.01 0

APOE e3 APOE e4

Rusted et al, 2012



Functional imaging:

Are there differences in task-related
brain activation patterns between e4
and e3 young adults?



key differences

Memory task ” | * |

*e4 show heightened activation in |
early visual cortical areas in [ s
response to visual stimuli e

*e4 show greater task-specific - -

deactivation in medial frontal
cortex (BA10) in response to
prospective memory cues

Attention task

*e4 show heightened activation in
precuneus bilaterally

* .. and in right hippocampus

gl

Incong | Cong  Incong

all (p<0.05 FWE-corrected)

Rusted et al, 2012



Are there observable
differences in brain structures in
healthy adult e4s?



Differences in brain volume: young adults

*trend for higher grey matter

volume in young e3 carriers e
& 8-
*significantly higher white matter =
volume in young e4 carriers . N
(p<0.001) e E

*White matter volume correlated
with task performance

*DTI axon tract analyses: e4s had
significantly increased axial
diffusivity (index of neural
efficiency) (p =0.011).

Axial diffusivity: e4s > e3s

Dowell et al, 2013, 2016



Interim summary

*Young adult e4s do outperform e3s on some cognitive tasks

*Significant structural differences are visible in young adult e4
carriers

*Significant differences in brain activations are visible between e4
and e3 carriers

*distinct patterns of neural recruitment in response to task
demands




what happens in mid-age?



cognitive performance



Our Papers

Cognitive task examined and reported

Evans et al
(2013b)

Evans et al
(2014)

Evans et al
(2018)

Lancaster et al
(2017a)

Lancaster et al
(2016)

Lancaster et al
(2017b)

No genotype differences in validity effect

Tendency for e4s to perform better than e3 peers on covert
attention, sustained attention task, and more accurate but
slower on prospective memory task

Subsequent memory task: No performance differences
between genotypes

Systematic review of mids literature: Nuanced deficits
emerging by 5t decade

Small deficits emerging in error rates on Inhibition and
prospective memory tasks

No genotype differences on dynamic scaling and perceptual
capacity tasks: sustained performance relative to e3s

*Performance at mid-age: Summary of

our findings



Functional imaging



reduced extrastriate activity in mid-age

*attention task:

e4s show reduced extrastriate activity

*memory task:

e4s show decreased activity in extrastriate cortex
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Evans et al, 2014



reduced parietal activation
- attention task

Left IPC

Youngs

Parietal regions
* €3 mids > e3 youngs

Mids

i

contrast estimate at [-60, -24, 32]
o =
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»e4s did not show
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left IPC: p = 0.021 FWE- e3  e4
corrected

left SPL: p = 0.004 FWE-
corrected

e3 e4

Evans et al, 2014



posterijor-to-anterior shift in activity

left superior parietal:
*mid e4s < young e4s

p = 0.018 FWE-corrected
after SVC for bilateral SPL

left inferior frontal gyrus:

*mid e4s > young e4s

p = 0.034 FWE-corrected

Py S— . . L
CsS PM CS PM

E4s show age-related decreases in left superior parietal activity

Youngs

LTE E3 E4

- memory task

Mids
E3 E4

L

""Cs PM CS PM

E4s show age-related increases in left inferior frontal activity

CS PM CS PM

Mids
E3 E4

i

Evans et al, 2014

CsS PM CS PM



Structural imaging



Differences in brain volume; mid age

Brain region Young Mid
ed+ e3/e3 p value ed+ e3/e3 p value
White matter volume ratio (x107°)

_Parahinnocampus 22 (013) 21(03) 0396 22(15) 23(02) 0 389
Cuneus 3.3 (0.3) 2.9 (0.4) <0.001 3.2 (0.4) 3.4 (0.4) 0.205

—Precuneus 7o | P VA U310 29 1.7) TZ0 o] L0 oo 1o T
Left anterior cingulate 1.8 (0.3) 1.8 (0.3) 0.668 1.9 (0.2) 1.8 (0.1) 0.014

—Rigtanterorcmgutate 270072 T2 0850 (03— 2005006
Posterior cingulate 5.4 (04) 5.4 (0.5) 0.508 5.6 (0.5) 5.6 (0.3) 0.937
Cortical thickness (mm)

_Parahippocampus 3.1(0.2) 3.1(0.3) 0.698 3.0(0.7) 2.81(0.2 0.006
Cuneus 19(01) 18 (01) 0454 18(01) 18(01) 0 358
Precuneus 26 (0.2) 2.5 (0.1) 0177 2.4 (0.1) 24 (0.1) 0.659
Left anterior cingulate 2.7 (0.2) 2.7 (0.2) 0.938 2.5 (0.1) 2.6 (0.1) 0.244
Right anterior cingulate 2.7 (0.2) 2.7 (0.2) 0.719 2.5 (0.2) 2.5 (0.1) 0.215
Posterior cingulate 2.8 (0.2) 2.9 (0.2) 0522 2.6 (0.1) 2.7(0.1) 0.473
Hippocampus* 5.6 (0.3) 5.6 (0.6) 0.634 5.6 (0.5) 5.7 (0.4) 0.309

*Hippocampus grey matter volume ratio (x1073).

*No correlations with performance




BLOOD-BRAIN BARRIER PERMEABILITY IN MID AGE

Aim

v' Assess whether apoe4
status is associated
with blood-brain
barrier leakage and
other subtle
structural brain
changes in mid age
and how this relates
to

v/ cognition (attention
& memory).

v" To correlate findings
with blood
biomarkers.

Factors to be
measured
(+E4 vs -E4)

TECHNIQUE

Structural Imaging

QSM (Quantitative
Susceptibility Mapping)

Post-Gd T1weighted
imaging

Prospective Memory
Task

Blood Markers
(Plasma & Serum):

.LRP 1

. MMP-9

FACTORS
MEASURED

(localized) brain volume
differences

Microbleed information,
iron deposits

(localized) BBB
permeability

Differences in memory
and attention

.Regulating the
pathogenic role of apoE

.BBB Vulnerability &
Micro-bleeds

Methods

PHASE 1

Recruiting healthy mid-age

adults (42-59) for genotyping.
’ il
o

PHASE 2

1. Blood sample:

a. Kidney function (for 4
eligibility: Gd contrast %
b. Inflammatory markers in
Blood and Serum.

c. Full blood count ‘
(for haemoglobin & ferfitin’

)

levels) NS =5
2. Memory & Attention t ;

(verbal fluency, prospective
memory, switching & reaction
time, Memory word list and

PRMQ). - ‘

PHASE 3 A
70 minutes 3T MRI scan
including Gd contrast agent.

< o

Alruwais et al, in prep



summary

*Evidence for evidence for cognitive, functional and structural
differences in young and mid-age e4 carriers compared to their e3 peers

O Sub’qle structural and functional differences visible between e4 and e3
carriers

o a pattern of neural change over 2" to 5t decade that looks like
accelerated ageing in the e4s from an initial position of advantage

*enhanced neural efficiency in youth, distinct patterns of neural
recruitment in response to task demands

*neural compensatory strategies normally employed in response to
ageing become exhausted at an earlier age in e4+

*evidence for neurogenesis as a compensatory response in mid-age




AB

PIB Mean Cortical Binding Potential

40 50 60 70 80 90

Age,y Morris et al. 2011

“Interplay of APOE genotype with
environment



by trg g

Age7  Agell  Age 16 2999 Age 46 . Age 50

Early-life Mid-life cognitive
L Mid-life activities:
activities: performance:
g4+ = Qiowk i
Creative/ Social Immediate
memory
procedural
Parental O
involvement & Delayed
memory
Physical o
Processing
Cognitive/ speed
creative
Social : Semantic
Leisure
07 fluency
Controlled for: early-life cognitive ability (maths and reading ability at age |6), sex, socioeconomic position at birth

Only €4+ carriers show positive associations between lifetime

social activities and cognitive function at age 50

Atkinson et al, in prep




SIMPLE
THINGS
THAT
YOU CAN
START
NOW

FOLLOW A
HEALTHY
DIET

A healthy diet high in cereals, fish,
legumes and vegetables could help
to reduce your risk of dementia

LOOK
AFTER
YOUR
HEART

I\\\/

Smokers have a 45% higher risk
of developing dementia than
non-smokers

CHALLENGE
YOUR
BRAIN

Lots of mental activity is linked to less
shrinkage of the hippocampus, a part
of the brain critical for memory and
often the first to be damaged by
Alzheimer's disease, the most
common form of dementia

&

WORLD WIDE FINGERS

BE
PHYSICALLY
ACTIVE

Walking is fun and a great

way to keep fit and healthy.

Build walking into part of your daily
routine by downloading an app like
‘Ground Miles' and keeping track of
your steps

T T

)

SOCIAL
ACTIVITY

ENJOY [

This is one of the most enjoyable things
you can do that could reduce your risk
of developing dementia - and yet only
17% of the people we surveyed around
the world knew about it*

* Kivipelto and colleagues, (2013 and

continuing)



going forward



Genetic and environmental impacts across
the lifespan

~

//'/ Spectrum of
? FE age-related o |
A < cognitive function
/ / 4 since birth.

len N

* identify and target modifiable lifestyle factors ZS
* retard or halt APOE-induced neurodegeneration Lifestyle

Fardiovascular ............,...._,
Maternal nutriton I Education [ risk & disease !

Genetic influences > |

| ! I [ [ | | | | ! l | | l
25t trimester 2 trimester 39 trimester O 4 8 2 16 20 30 40 350 60 70 80 Age (vears)

Prenatal period Childhood/Adolescence Adulthood old age

adapted from Muller et al., 2014




Of Molecules, Mice and Men: understanding apolipoprotein

E effects across the lifespan

s L N

PhD 1. Cognitive
outcomes across the
lifespan: the brightest

andle? %
4 - I
(P

PhD 2. APO‘EXCT_ifespan

Qemory/behaviour (mouse/)

Directors:
Prof Jenny Rusted
Prof Louise Serpell

Life Span

\ ‘ 2 4795’5;/
Apo Apo
E2 E3
- A4 R

;g
L/
PhD 3. Brain cell
networks and their
\function (in vitro) /

PhD 7. APOE4 |PhD 8. Imaging
effects on spatial memory
synaptic in young APOE4
activity carriers
. . /
7™\

-—

Alzheimer’s

Society ™,

(/o

C ¢~ NIB

ApoE3 ApoE4

» »

PhD 4. Stabilising the
\structure ApoE4> ApoE3/

a BB

PhD 5. APOE4, pericyte
vulnerability and brain

\.hypoxia (in mouse)  /

>

PhD 6. Brain ( ‘
connectivity changes
in AD: impact of

ApoE4 and
environment
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..and thank you for listening



