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The Religious Orders Study
Rush Memory and Aging Project

Began in 1993 and 1997

> 3,800 older persons without known dementia
from across the U.S.

All agreed to annual clinical evaluation
All agreed to organ donation

> 750 have developed dementia

> 1200 have developed MCI

> 1800 brain autopsies



The Rush Memory and Aging
Project: Study Design and Baseline
Characteristics of the Study Cohort
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Global cognition (raw data)
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To what degree is late life cognitive decline
driven by age-related neuropathologies?
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Boyle PA, et al. Brain. 2021;144:2166-75.






To what degree is late life cognitive decline
driven by age-related neuropathologies?
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To what degree is late life cognitive decline
driven by age-related neuropathologies?

Residual cognitive decline: 57%

Boyle PA, et al. Brain. 2021;144:2166-75.



Residual Decline in Cognition After Adjustment for Common
Neuropathologic Conditions
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Yu L, et al. Neuropsychology. 2014;29:335-43.




Much of Late Life Cognitive Decline
Is Not due to Common
Neurodegenerative Pathologies

Complexin-1 SNAP-25-syntaxin interaction
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Boyle PA, et al. Annals Neurology. 2013;74:478-89




Neural reserve, neuronal density in the
locus coeruleus, and cognitive decline
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Wilson RS, et al. Neurology. 2013;80:1202-1208.



Cortical Proteins Associated With Cognitive Resilience
in Community-Dwelling Older Persons
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L, et al. JAMA Psychiatry. 2020;1172:1180.




Religious Orders Study and Rush Memory and Aging Project

APOE, MAPT, CCDC62, MED13, SREBF1, GAK, IRS1, FTO, Parkinsonian signs. Physical
MAPT H2, urinary incontinence, TBI frai ] tv. BMI Gflp S treng th
Odor 1dentification

APOE/TOMM40, CR1, CD33, ABCA7, CD24P, CETP, SORLI,
APP, ANK1, TREM1, TREM2, ANKI, BINI, RHBDF2, FADD,
UNCS5C, PTPRD, CMV, monocyte CD33, surgical menopause,

gama tocopheral, cancer, literacy, olfaction > AD patholoov
[=2

APOE, ABCC9, EPHA1, ZCWPWI, SORLI

Hippocam sclerosis

APOE/TOMMA40, T2DM, CDKN2A/B, rs7578326,rs12779790,
IGF2BP2, HMGCR, CELSR2, ATP2B1, LOC728723, CELF1I,
CD33, harm avoidance, emotional neglect, hemoglobin, diabetes, CVD

purpose in life, sleep

TMEM106B, GRN > TDP-43 1 Cognitive

PD/LBD pathology Decline,
AD MCI

depressive symptoms Brainstem Aminergic &

neurons .
AD Dementia
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well-being, life space, chronic kidney disease, risk aversion,
temporal discounting,
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finguage/music lessons,

systemic inflammation, cognitive activity Macro/micro structure

| ! )
Health/financial decision making &
Literacy, Susceptibility to Scams

APOE, Internet use

Bennett DA, et al. J Alz Disease. 2018:64:5161-51809.



Modifiable psychosocial risk factors and

delayed onset of dementia in older

populations: analysis of two prospective

US cohorts

Neuroticism (NEO) refers
to the disposition to
experience psychological
distress (e.g., | am not a
worrier; | often feel tense
and jittery; | often get
angry at the way people
treat me; | often feel
helpless and want

someone else to solve my |

problems).
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Grodstein F, et al. BMJ Open. 2022;12:e059317.



Quantifying longitudinal cognitive resilience to Alzheimer’s

disease and other neuropathologies
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Wagner M, et al. Alzheimers Dement. 2022;epub.



Exploring cortical proteins underlying the relation of
neuroticism to cognitive resilience

Chicago Plot showing direction of association
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Grodstein F, et al. Aging Brain. 2022;100031.



Exploring cortical proteins underlying the relation of

neuroticism to cognitive resilience

Covariates ST
included in
model

Indirect effect/mediation=
25%, p=0.005

Direct effect=75%, p=0.001

Total effect of neuroticism on Cognitive Resilience: B =-0.167, p=0.001
Indirect effect of proteins on relation of neuroticism to Resilience: B=-0.042, p=0.005

Grodstein F, et al. Aging Brain. 2022;100031.



A molecular network of the aging human brain
provides insights into the pathology and cognitive
decline of Alzheimer's disease
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53 ADRD phenotypes

Mostafavi S, et al. Nat Neurosci. 2018:21:811-9.
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Neuroticism alters the transcriptome of the frontal
cortex to contribute to the cognitive decline
and onset of Alzheimer’s disease

Neuroticism a/w tau pathology m7 a/w tau pathology
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De Jager CH, et al. Translation Psychiatry. 2021;11:131.
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A molecular network of the aging human brain
provides insights into the pathology and cognitive
decline of Alzheimer's disease

Memmns

mi114 Astrocytes

47 co-expression networks
53 ADRD phenotypes

Mostafavi S, et al. Nat Neurosci. 2018:21:811-9.
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Targeted proteomics of human neocortex uncover
multiple paths to Alzheimer’'s dementia
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Yu L, et al. Annals of Neurology. 2018;84:78-88.



Targeted proteomics of human neocortex uncover
multiple paths to Alzheimer’'s dementia

Protein | Cog Decline Est | P value
AK4 -0.090 7.3x10°
ANKRD40 -0.0009 0.922
BCL2L1 -0.012 0.576
FBXO2 -0.023 0.033
HSPB2 -0.048 7.4x10-6
IGFBPS -0.063 1.2x10-16
ITPK1 0.056 7.8x10-5
KIFSB 0.006 0.606
SASH1 0.006 0.512
SLC6A12 -0.034 0.006
VAT -0.023 0.017

Yu L, et al. Annals of Neurology. 2018;84:78-88.



Targeted proteomics of human neocortex uncover
multiple paths to Alzheimer’'s dementia
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Targeted proteomics of human neocortex uncover
multiple paths to Alzheimer’'s dementia

Global cognition
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Path to AD/ADRD
Personalized Medicine

For complex diseases that cannot
be biopsied and interrogated in a

dish like cancer...
what is the path to AD/ADRD

personalized medicine?



Path to AD/ADRD
Personalized Medicine

For complex diseases that cannot
be biopsied and interrogated in a

dish like cancer...
what is the path to AD/ADRD

personalized medicine?

Need to study person- spec:lflc
/dlfferences in a “group” of human
brains... in a dish!

L e AN approach that combines
e €pidemiologic study design with

; human cell modeling



Neurons/Astrocytes Derived from ROSMAP IPSCs

IPSCs
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Association of AK4 protein from stem cell-derived neurons with cognitive reserve in human donors
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Yu L, et al. Neurology. In press



Association of AK4 protein from stem cell-derived neurons with cognitive reserve in human donors
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Yu L, et al. Neurology. 2022;epub.
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Association of AK4 protein from stem cell-derived neurons with cognitive reserve in human donors

Residual decline
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Yu L, et al. Neurology. 2022;epub.



Summary

* Resilience, here defined as residual cognitive decline,
accounts for about half of person-specific change in
cognition at the end of life

« A variety of cellular and molecular mechanisms contribute

to more or less resilience:

— presynaptic proteins, cell loss in the locus coeruleus, EPHXA4,
CPLX1, SGTB, NRN1, RPH3A, SH3GL1, ACTN4, UBA1, rpS3,
BCKDHB, m7, m109, AK4, ITPK1

« AK4 generated by hiPSC lines are associated with
residual cognitive decline, possibly leading to a path
towards personalized medicine
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