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Alzheimer’s Disease & Related Dementias

. . Healthy brain , Alzheimer's brain
* 6.2 million Americans (11%)

age 65 and older have
Alzheimer’s disease

* Most common form of
dementia (60% to 80%)
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Umbrella term for loss of memory and other thinking
abilities severe enough to interfere with daily life.

Alzheimer’s:

60-80%

Mixed dementia:
Dementia from more than one cause

Healthy : Disintegrating
m Intramural Research Program microtubule i microtubule

Qur Research Changes Lives



Systemic Health Conditions Influence Alzheimer’s Disease
and Dementia Risk.

AD/Dementia Risk Factors:
* Diabetes

* Hypertension

* Heart disease

» Systemic inflammation

* Autoimmune conditions
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Peripheral Immune Function in Alzheimer’s Disease

Chronic Immune Activation /
Inflammation

NIH)

Autoimmune Inflammatory Disease: B
-Inflammatory Bowel Disease .
-Rheumatoid Arthritis o
-Crohn's Disease

¢ Surgery:
-Orthopedic Surgery
-Cardiac Surgery
-General Anesthesia

Chronic Infection:
-Periodontal Disease

POTENTIAL MECHANISMS X

.

t Chronic Cytokine Expression .

-HSV-1/2 & VZV (L6, IL1, TNF, STNFR1) -Delirium
-C. pneumoniae 1 Anti-Inflammatory & TDAMPs
-CMV Signaling o

Inflammatory Diet: SASP Expression

/T PAMPs

-High Fat From Senescent Alzheimer's
-High Sodium Cells Disease K‘;?\}:t'i?nmu"e Acute Infections:
Chronic Low-Grade -Pneu_mon_la
Lifestyle Factors: Inflammation AN R -Septicemia
. K -COVID-19
-Chronic Stress Signalirig via Neurd- Acute Inflammatory Sl
-Poor Sleep e oy Response
-Sedentary Lifestyle . (Systemic Proliferation of

Pro-Inflammatory

Priming & Activation of Mediators)

Microglia

Gut Microbiome

Yo R Tissue Damage:

Dysbiosis -Acute Coronary Syndrome
-Orthopedic Injury
o Critical lliness: -Severe Burn
o -Severe Sepsis & Septic Shock
B -Acute Respiratory Distress Syndrome
-Severe COVID-19
-Delirium
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Acute Inflammation

endothelial cell

altered in AD
endothelial subpopulations

A angiogenic endothelial cell
iRy,

perivascular macrophages

subpopulations of
perivascular macrophages

peripheral monocytes
(phagocytic)

monocytes/monocyte-derived
cells (FCN1/VCAN/LYZ)

peripheral monocytes
(pro-inflammatory)
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CD4+ T cells
CD8+ T cells
@, CD3+extravascular T cells
Type 1 T helper (Th1) cells

@ regulatory T cells (T regs)
T Helper 17 (Th17) cells

[ . tissue-resident T cells

Haage et al. (2022). Molecular Psychiatry



Peripheral Immune Challenges Influence Neurobiology:
Neuro-Immune Axis

Acute

Periphery

Brain

Inflammaging Inflammatory
\ / Events

4 Inflammatory
mediators
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CNS Conduit
Blood-Brain Barrier
Choroid Plexus
Vagus Nerve
Endothelial Activation

!

Cellular Target
Microglia
Astrocytes
Neurons
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Cerebral
microvessel

Tight junction
breakdown results in

Tight junction BBB permeability  sfo

Perivascular -
macrophage ¥

Circumventricular
organs (CVOs)
Inflammatory proteins in
blood can transmit signals
via vascularized CVOs (red).

&\ Pro-inflammatory
(D signaling via the

Cytokines cross the
BBB via receptor-
mediated and R

caveolar transcytosis . s
Cytokine " .

secretion from
peripheral organs

Endothelial cells

Walker,..Bettcher (2023). Molecular Neurodegeneration.



Millions of 2 couid be in for another health crisis,
from chronic fatiguflio psychotic breaks and Alzheimer's

Millions of could be in for another health crisis,
from chronic fatigu®¥o psychotic breaks and Alzheimer's
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nature aging

Article https://doi.org/10.1038/s43587-024-00682-4

Proteomics identifies potential
immunological drivers of postinfection brain
atrophy and cognitive decline
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Examining the Link Between Infection, Peripheral
Immunity, and Neurodegeneration
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Infections Examined
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Brain Volume (cm?®) ' g
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. :-rl1l1:I|L\J/enza ﬁ ' . 4 All-Cause, Alzheimer's & Vascular Dementia

+ Lower respiratory tract Infections UK Biobank (n =492, 230)

. Miscellaneous bacterial YA Finland Multicohort (n = 273, 132)

* Miscellaneous viral -i;q% .E‘

* Pneumonia
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Acute and Chronic Infections are Associated with Brain
Volume Loss

BLSA BALTIMORE LONGITUDINAL
STUDY OF AGING

Influenza Skin/Subcutaneous Infection
Total brain - i & o Total brain - I & E
Gray matter - : & E= Gray matter | | n M
White matter - I ol l White matter - | - |
Frontal - | - Frontal : -
Temporal - = = - Temporal : = 4
Parietal l = : l Parietal : = —
 Occipital - I = I Occipital l = -
AD Sig. Region - = - = AD Sig. Region{ | = :
-0.03 -0.02 -0.01 0.00 0.01 -0.03 -0.‘02 -0.I01 0.60 0.61
Annual brain volume change ( B) Annual brain volume change (3)

Results adjusted for intracranial volume, time, age, race, sex, education,
comorbidity index, and the interaction between covariates and time.
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Acute and Chronic

Infections are
Associated with

Brain Volume Loss

BLS A BALTIMORE LONGITUDINAL
STUDY OF AGING

Results adjusted for intracranial volume,

time, age, race, sex, education, comorbidity
index, and the interaction between covariates

and time..

Duggan,... Walker (2024). Nature Aging

@ Intramural Research Program

Qur Research Changes Lives

Influenza
Total brain - —a—3
Gray matter 4 .
White matter - —.——
Frontal - e
Temporal - —
Parietal 4 .
Occipital 4 P
AD Sig. Region 1 —a—

Total brain -
Gray matter 4
White matter -
Frontal -
Temporal -
Parietal
Occipital -

AD Sig. Region

Human Herpes Viruses (HHVs)

-0.03 -0.02 -0.01 0.00 0.01
Annual brain volume change (f)

Miscellaneous Viral Infection

Total brain - —a—
Gray matter - —_——
White matter - —a—
Frontal - .
Temporal - s
Parietal q e
Occipital 1 .
AD Sig. Region § P

003 002 001 000 001

Annual brain volume change ()

Upper Respiratory Tract Infections (URTIs)

Total brain 4
Gray matter
White matter -
Frontal
Temporal -
Parietal
Occipital

AD Sig. Region

-0.03 -0.02 -0.01 0.00 0.01
Annual brain volume change (f)

Lower Respiratory Tract Infections (URTIs)

Total brain - —a—
Gray matter - [ = —
White matter - ——
Frontal - F - |
Temporal f——
Parietal - I -— |
Occipital -} = i
AD Sig. Region{ | ] —

! = : y

-0.03 -0.02 -0.01 0.00 0.01

Total brain -
Gray matter 4
White matter -
Frontal -
Temporal -
Parietal 1
Occipital

AD Sig. Region -

003 002 001 000  0.01
Annual brain volume change ()

Annual brain volume change ()

Skin/Subcutaneous Infection

-0.03 -0.02 -0.01 0.00 0.01

Annual brain volume change ()



Examining the Link Between Infection, Peripheral
Immunity, and Neurodegeneration
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u All d ti
Acute and Chronic O e

Infections are A Vascular dementia N(total) N(exp) N(dem.) HR (95% Cl)

H H , }—!—| 460466 1432 6011 246 (1.71-3.54)
Associated with Influenza - s = | 460466 1432 2220  2.48(1.37-4.49)
. . A 460466 1432 1112 NA
Dementia Risk | : s 135 ep0 14097215
UK BiObank Human Herpes Viruses - 460485 1322 2 NA
Miscell Viral Infecti : m iSodee e8> 203 204|145
iscellaneous Viral Infections : a0z 222 2031145286
. . : o 492230 6155 6441 1.39 (1.121.72
Upper Respiratory Tract Infections . 460466 5748 2222 1.26 (0.85—1.85
; 460466 5748 1114 1.41 (0.86—2.31
. . H 460460 16308 5822 246 (2.24-2.70
Lower Respiratory Tract Infections . H=H 460460 16308 2169 1.93(1.63-2.29
. - 460460 16308 1065 3.45(2.884.14
) . : 492229 19646 6351 1.98 (1.79-2.19
Skin/Subcutaneous Infections - 3 460465 18204 2196 1.57 (1.30-1.88
: 460465 18204 1095 2.02 (1.63-2.51
5 1 2 3
Models adjusted for age, sex, Dementia Risk, UK Biobank
socioeconomic status, BMI, Hazard Ratio, 95% CI

hypertension, and diabetes.
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Acute and Chronic
Infections are
Associated with
Dementia Risk
Finnish
Multicohort

@ All cause dementia
O Alzheimer's disease
A Vascular dementia
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Models adjusted for age, sex,
socioeconomic status,
hypertension, and diabetes.
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Examining the Link Between Infection, Peripheral
Immunity, and Neurodegeneration
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Characterization of Infections
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Infections Associated with Brain Atrophy Are Also Linked
to Long-Term Proteomic Changes in Blood

Influenza
6
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Results adjusted for age, race, sex, education, eGFR and comorbidity index.
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Skin/Subcutaneous Infections
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Examining the Link Between Infection, Peripheral

Immunity, and Neurodegeneration
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Proteins Associated with

Skin/Subcutaneous Infections
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Mendelian Randomization Supports Causal Associations
Between Proteins and Brain Atrophy

Total brain volume rate of change
(ml per year)
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Candidate Protein Summary
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Infection-Related Immune Protein Changes May Drive
Neurodegeneration
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