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Learning Objectives
At the end of this activity, learners should be able to:

1. Describe the development and validation of blood-based biomarkers for detecting
amyloid, tau and associated neurodegenerative pathology in the brain.

2. Discuss how Alzheimer’s disease blood-based biomarkers may be useful in diagnosis,
prognosis, staging and tracking of disease progression or treatment response.

3. Describe the potential (and limitations) of blood-based biomarkers to provide
mechanistic insights into Alzheimer’s disease and related neurodegenerative dementias.
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Diagnosis of
Alzheimer’s Disease
c.1984 - 2024

McKhann et al., Neurology, 1984

Table 1. Criteria for clinical diagnosis of Alzheimer's disease

I. The criteria for Lhe clinical diagnosis of PROBABLE Alzheimer's
disease include:

dementia established by clinical examination and decumented
by the Mini-Mental Test,' Blessed Dementia Scale.” or some
gimilar examination, and conflirmed by neuropsychological
Lesls;

deficits in two or more areas of cognition;

progressive worsening of memory and other cognitive func-
tiuns;

na disturbance of consciousness;
onset between ages 40 and %0, most often after age 65; and

absence of systemic disorders or other brain discases that in
and of themselves could account for the progressive deficits in
metnory and cognition.

I1. The dingnosis of PROBABLE Alzheimer's disease is supported
by

progressive deterioration of specific cognitive functions such as
Ianguage (aphasia), motor skills (apraxial, and perception (ng-
noeial;

impaired setivities of daily living and altered patterns of be-
havio

family history of similsr disorders, particularly if confirmed
neuropal hologically; and

laboratory results of:

normal lumbar puncture as evaluated by standard tech-
NiCRes,

normal pattern or ponspecific changes in EEG, such as
increased slow-wave sctivity, and

evidence of cerebral atrophy on CT with progression docu-
mented by serial observation,

111. Other clinical features consistent with the diagnosis of PROBA-
BLE Alzheimer's disease, after exclusion of causes of dementia
vther than Alzheimer's disease, include:

plateaus in the course of progression of the illness;

delusions, illusions, hallucinations, catastrophic verbal, emo-

amsociated symptoms of depression, insomnin, incontinence.

tinnal, or physical outburats, sexual disorders, and weight Joss;

other neurologic sbnormalities in some patients, especially
with more ndvanced disease and including motoer signs such as
increased muscle tone, myoclonus, or gait disorder;

stirures in advanced disease; and

CT normal for age.

IV. Features that make the diagnasis of PROBABLE Alzheimer's

disease uncertain or unlikely include:
sudden, apoplectic onset;

focal neurclogic findings such as hemiparesis, sensory loas,
visual field deficits, and incoordination early in the course of
the illness; and

seipures or gait disturbances at the onsel or very early in Lhe
eourze of the illness.

V. Clinical diagnosis of POSSIBLE Alzheimer's disease:

may be made on the basts of the dementia syndrome, in the
ahsence of other neurologic, psychiatric, or systemic disorders
sufficient to cause dementia, and in the presence of variations
in the vnset, in the presentation, or in the clinical course:

may be made in the presence of a second systemic or brain
disorder sufficient to produce dementia, which i not consid-
ered to be the cause of the dementia; and

should be used in research studies when a single, gradually
progressive severe cognitive deficit is identified in the absence
of other identifinble cnuse.

VL Criteria for diagnosis of DEFINITE Alzheimer's disease are:

the clinical eriteria for probable Alrheimer’s disease and
histupathologie evidence obtained [rom a biopsy or sulopsy.

VIL Classiflication of Alzheimer’s disease {or research purposes

should specify features that may ditferentiate subtypes of the
disarder, such as:

familial vccurrence;
onset before age of 65;
presence of trisomy-21; and

cuexistence of ather relevant conditions such as Parkinson's
disease.
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BOX 1: Fundamental principles

It is necessary to separate syndrome (clinically identified
impairment) from biology (etiology).
Alzheimer's disease (AD) is defined by its biology with the

following implications.

AD is defined by its unigue neuropathologic findings;

therefore, detection of AD neuropathologic change by

biomarkers is equivalent to diagnosing the disease.

AD exists on a continuum. The disease is first evident in
vivo with the appearance of disease-specific Core biomark-

ers while people are asymptomatic. Pathophysiologic mech-

Clinical Syndromes of AD

Damantia Dies ve A0

Moderate

M symgtams bot
posible biologacal

chargey i Bhe beain

Symgtame inderfore
with some everyday

Ak rwbery

Wery mld sympeome
that rray nat inmerfore
wiith everyday sctpaities

Symgtamib infarfers

with mary ssenpday

e braf e

Swmpiamd intarfore
with most everyday

s lnhies

Alzheimer’s Association, 2024 Alzheimer’s disease facts and figures, Alz Demen’24



Alzheimer’ s Disease
"Plagues" and "Tangles”

Alois Alzheimer

A. Alzheimer, 1911



Signature Lesions of Alzheimer's Disease
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Signature Lesions of Alzheimer's Disease

Amyloid-3 Neuritic Plaques Key Blood-Based Biomarkers
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Autopsy & Amyloid-[3 PET
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Autopsy & Tau PET Concordance
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Blood-based Biomarkers of CNS Health and Disease
Challenges in Analytical Chemistry
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AB,.1,/ AB,_4 in AD Diagnosis

[
F- |
A, All individuals B. All individuals with known  C. All individuals without dementia with
- CSF/PET amyloid status known CSF/PET amyloid status
2 R » = st
- 0
m - .
'E o 7 D is . éE‘I‘FcﬁF i
nonAD ¥
5 Ewmars ﬁ
2 =4
- [
IS
003 0.06 008 0025 005 0075 [T T ]
% Plasmatic AR42/AR40 Plasmatic AB42/AB40 Plasmatic AR42/AR40
o= — AP1-42 [AULC = 0.680)
= AR1-30 JAP1-42 (AUC = 0.794)
= ROC curve: pﬂ'l:ldpanh without dementia Table £ Charscieristios of ol participasis weith aonfrmnd amylold stabus from CSF/PET analysis,
[ 1':":“_- iz tho ta v ab el ookl daed il o i —— i wiih coniirmesd sl o Yl dheviathen
] I | ] ] I |-'—' e =
0.0 0.2 0.4 06 0.8 10 ! __m"‘"“"“" ey .'-."‘"“-"’._ _'-ﬁ:ir_fil' """l""*_n z
E T n T " 5 7
alse p,“ﬁ" rate Cutaff A e (513 TR [R1E] AR RAT] 0TI Pk T
F -E | val __ MOASY: e (R AT TG £ 08 L R0
o = S0} : g‘ﬁlﬂm Tree APOE = 0 g fn ok T T 1536 4B
|: " " ) @ Youder's ind % i % ke [T 1) ST TIPS}
s —— i | AUC 0.728 " ' Crndber; male {Temale Wi b AF] WS 240
Posditve AS-PET sistn 5 = Ty Sopative A[FET waims (N = 205 Smtisticn (L. P valoe® | | Al oo - .l s i Lol e i
- - 25/ Feon-comrriied sa/H 7308 - -
1 P 120 1 = I P = BT iea——
Age [yeand TIAAD AL b S AA Fo - 5{3T5 F =1} T D - 3 -
mﬂlﬂpﬂ £ 123 o= A1 e ) | A H:l .'i & ¥
Al iz dpgimi.] 1515040 184 SDAE Fom %3 18K, 41« 00l o il m_ﬂ'jwh 1 " | B
AS, o ippfal 55 D754 %35 VAT R F= 05 {2745 F = 58 100 15 &0 75 b — .
A _alifh_ap 194 5m AN 167 SIFE T Fom —dD{ITa, P < ) Specificity [%] T
ican AJHPET SLAVR L0 & 0.5 i1 pg; S0 B o= 10F (4, B P i C5F ] L] 3 ]
[Esriiulemetamel FIT 17 b1 {13 51
[UECIPIA FET i 2 1 i

AVergallo et al., AlzDement'19 L Colmant et al IntJ Mol Sci'24



Plasma Amyloid-B42/40 ratio performance
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AB,.s,/ AB,_4 in AD Diagnosis (IP-MS)
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Reasons Mass Spectrometry Surpasses Immunoassays for
Plasma AB42/40 Analysis

Immunoprecipitation - Mass Spectrometry
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Post-Translational Modifications in AD
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Plasma petautB1 {pgimL)

Plasma pTau181 for AD Diagnosis in ADNI
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Plasma pTau217 for AD Diagnosis
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Plasma pTau (MSD S-plex) for AD Diagnosis with Major Biomarker (Npath, PET, CSF)
plau181
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A Two-Step Workflow for Use of Plasma pTau217 in AD Diagnosis
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A Two-Step Workflow for Use of Plasma pTau217 in AD Diagnosis
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symptoms measurement ol Aﬂ-l m’;’:;w elinical decisions

Potential clinical AD diagnosis
‘ MW —é Possible niigihil::- for anti-AR therapias
Administration of symptomatic treatments
222°2

s,
& Aa Widely validated model W Witarmadiate
- — Cauﬁg‘;‘ﬂ:mﬁgﬁﬁ probability ——s Referral to AR CSF test or PET scan
F—" and confounders
& a ) A it (0-30% of indhviduats)
& Investigate ather nevrodegenerative causes
A A F— with, for example, FDG-PET, DaTscan, MRA
‘ 3 :LI:“II ility Detailed neuropsychological evaluation

Asspss non-neulodegenarative conditions,
for example, depression, sleep disordens

WS Brum et al, Nat Aging 2023
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plau217 in a Community Sample - Mayo Clinic Study of Aging

Age Co-morbidities
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AABC-HCPA
with Blood
n 902
Age 66.7 (15.5)
Sex F 54.7%, M 45.3%
Race
Asian 5.4%

Black/AfAm 14.1%
Multi/Other 4.4%

White 74.5%

NOS 1.5%
Ethnicity (Hispanic/Latine)
H/L 11.3%

Not H/L 88.2%

NOS 0.4%

Age Categories

[36-55] 251 (27.9%)
[56-75] 345 (38.3%)
[75-90+] 305 (33.9%)

pT217_Conc_pg_mi

AGING ADULT BRAIN
CONNECTOME

U19AG073585
plau217
24
22—- o ®
20 * .
18] . N
16 - ° b ® °

pT217_Conc_pg_ml

Adult Age Categories

24
22]
20
18]
16
14
12
10
8]
6

0
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[35-55]

[56-75] T [76+]
Age Group

Kivisakk/Arnold Preliminary analyses



Blood-based Biomarkers in Anti-Amyloid Immunotherapy
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Blood-based Biomarkers in Anti-Amyloid Immunotherapy
Lecanemab -- Study 201

Phase 2 POC "Study 201": n=856 = 247 PBO, 609 LEC => 180 OLE (10 mg/kg)

pTau181 Dose Response pTau181 in Open Label Extension
Placebo
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Neurofilament-Light Chain

70 kDa Class IV intermediate filament protein

Highly abundant in neurons, esp. axons

Elevated in many neurological diseases and injuries
Emerging as a clinically useful biomarker in ADRDs, ALS,
MS, TBI, stroke, delirium

Good correlation between CSF and plasma/serum using
ultrasensitive assays makes it especially interesting

First-genemtionand | Third-genemtion and
second-generation fourth-genermtion
neurafilament assays | newrofilament assays

C5F Blood

Khalil et al., Nat Rev Neurol 2018; 14:577

Lk MTL

ifpdd increase vs healthy controls)

CSF NfL Levels Across Diagnoses
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Gaetani et al., JNNP’19



Neurofilament-Light in Aging and Neurodegenerative Diseases

NfL
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Glial Fibrillary Acidic Protein

* Type lll intermediate filament protein

* Highly abundant in astrocytes

* Also expressed in in kidney, testis, Gl

* Maintains mechanical strength of astrocytes

* Manyroles in neuron-astrocyte interaction and BBB

* Elevated in many neurological diseases and injuries

* Emerging as a clinically useful biomarker in AD

* Good correlation between CSF and plasma/serum using
ultrasensitive assays makes it especially interesting

(HPA) human brain dataset

) ; 7

/

D Gogishvili et al, J Neurochem 2024



Glial Fibrillary Acidic Protein in Aging and Neurodegenerative Diseases

GFAP
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Postmortem associations between Alzheimer’s disease (AD) pathology and
plasma pTau217, GFAP, and NfL in AD and AD-related dementias

Table 1. Demographic, clinical, and histopathological information
_Table includes normal controls and participants with postmortem examination and a blood sample collected within 6 years of death

1° Neuropathological AD CAA TDP-43 SYN TAU cvD NC
category

n 85 3 20 29 37 13 67
Sex, female 34 (40%) 2 (67%) 8 (40%) 8 (28%) 15 (41%) 5 (39%) 48 (T2%)
APOe4 (=1 allele) 56 (66%) 0 (0%) 6 (30%) 9 (31%) 6 (16%) 3 (23%) 19 (28%)
Age at death (years) 827 (57-9) B48(66-98) T718(51-82) 787(61-97) 71.7(32-92) 88.2(83-96) N/A
Time last visit to death (years) 3.1(0.0-6.0) 1.8(0.8-3.0) 2.6(0.2-5.7) 2.9 (0.6-6.0) 2.1(04-6.0) 36(1.24.9) N/A
Global CDR at last visit 1(0-3) 1(0.5-1) 2 (0.5-3) 0.5 (0-3) 1(0-3) 0.5 (0-1) 0 (0-0)
MOCA* at last visit 13 (0-29) 25 (21-29) 12 (0-22) 21 (3-29) 21 (0-29) 23 (14-29) 28 (22-30)
Number (frequency) of participants with histopathological lesions of the different AD and ADRD pathologies at autopsy

AD pathology 85 (100%) 1(33%) 2 (10%) 11 (38%) 1(2.7%) 7 (54%) n.d.
CAA pathalogy 39 (46%) 3 (100%) 3 (15%) 8 (28%) 3 (8.1%) 3 (23%) n.d.
TDP pathology B (7.1%) 1(33%) 20 (100%) 2 (6.9%) 2 (5.4%) 0 n.d.
SYN pathology 1? (20%) 0 0 29 (100%) 1(2.7%) 1(7.7%) n.d.
TAU pathology 1(1.2%) 0 2 (10%) 3 (10%) 37 (100%) 0 nd.
CVD pathalogy 74 (87%) 3 (100%) 17 (85%) 27 (93%) 27 (73%) 12 (100%) n.d.

Data presented as median (range) or n (%). AD=Alzheimer's disease; CAA=Cerebral amyloid angiopathy; TDP=TAR DNA-binding protein 43
proteinopathy; SYN=Neuronal a-synuclein disease; TAU=Primary tauopathy; CVD=Cerebrovascular disease; NC=normal controls; COR=Clinical
Demen’&iﬁa Rating; MOCA=Montreal Cognitive Assessment; MMSE=Mini Mental State Examination; n.d.=not determined. *Combined MOCA and
MMSE.

N
Neurology

MABRATHLUBETTE
Kivisakk et al., in revision :
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Kivisakk et al., in revision

Associations with Thal, CERAD and Braak ratings
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Plasma biomarker levels in relation to neuropathological category

in the presence vs absence of AD co-pathology

NfL
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Effects of AD pathology on biomarker levels in participants with isolated or multiple non-AD
pathologies irrespectively of primary neuropathological diagnosis or clinical syndromes

plau217 GFAP NfL
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Postmortem associations between Alzheimer’s disease (AD) pathology and
plasma pTau217, GFAP, and NfL in AD and AD-related dementias

Key Findings

Impact of Co-

Biomarker AD Specificity Key Associations Pathologies
™ with Thal, Braak,
. CERAD; predicts AD 1 in non-AD cases due
plau217 High (AUC 0.97) pathology =8 yrs priorto  to AD co-pathology
death
. 1 in many non-AD cases
0 > AB:
GFAP Moderate (AUC 0.88) with tau > AB; less even without AD
sensitive to severity
pathology
Not significantly
NfL Low (non-specific) *in TDP, TAU, CVD >AD influenced by AD
pathology
Conclusions:

e plau217is a robust plasma biomarker of AD pathology, even in individuals with other primary diagnoses.

* A “positive” pTau217 testin non-AD dementia likely reflects AD co-pathology, not a false positive.

r"
e GFAP and NfL are less specific, reflecting astrocytic and axonal injury across multiple pathologies. @

Kivisakk et al., in revision
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a-Synucleinopathies

140 aa protein encoded by SNCA
Present in neurons, heart, muscle
Interacts with phospholipids to help
regulate neurotransmitter release
Oligomerizes and aggregates into fibrils
in Lewy bodies, neurites and other
inclusions
a-Synuclein biomarkers:

Total a-syn

Oligomeric a-syn

Phospho a-syn and other PTMs

Brdls sl dpamars rebrais

t-a-syn (pg/ml)

1a00
1400 |

V200

s Ougimres kb
[ —— [

Hunn et al., TNS 2015; 38:178

T Eghged
CSF Total a-Synuclein
= P 0ls F o 0 Pkl
o]
ol o
g
DLB AD
n=19 n=20



Ultrasensitive Methods for a-Synucleinopathy

Protein Misfolding Cyclic Amplification (PMCA) and Real-Time Quaking-Induced Conversion
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Blood-based Biomarkers for a-Synucleinopathies

Sample Type Reported Performance | Key Strength

a-synuclein (total) Plasma/Serum

(O] 1T-Lo] 3 =T [H BV IS LY Bl Plasma/Serum

pS129 a-synuclein Plasma/Serum

Exosomal a-synuclein Plasma-derived
exosomes

[ B ELCI A GG R Plasma/Serum

(IL-6, TNF-a)

ApoA1 Plasma

Clusterin (Apo)) Plasma

Varies (50-200+)

Small to moderate (30—

150)

Small (20-100)

Small (30-100)

Small (20-80)

Variable

Small to moderate (50-

200)

Moderate (100-250)

Conflicting; not specific
to PD

Higher in PD/DLB;
modest discrimination

Increased in
synucleinopathies; early-
stage detection
Increased in PD vs
controls; low specificity
Potential early biomarker
for PD

Elevated in PD and DLB,
but nonspecific

Lower in PD vs controls;
candidate risk biomarker
Increased in DLB; also
seenin AD

Widely studied but low
specificity

Potentially specific to
pathology

Pathologically relevant;
early changes

Oxidative stress marker

Enriched in PD-derived
vesicles

Reflects immune
activation

Lipid metabolism; inverse
risk association

Common in multiple
dementias

Parnetti et al.,
2019

El-Agnaf et al.,
2006 (Retracted)

Majbour et al.,
2016

Waragai et al.,

2006
Shi et al., 2014
Qinetal., 2016

Qiang etal., 2013

Thambisetty et
al., 2011



TDP-43

deus | e gy L
Trans-active response (TAR) DNA binding protein-43 (43 kDa) ‘::.:;.'::1?, X Emlwf} G Fﬁf_@m
Versatile RNA/DNA binding protein involved in RNA e — e ——
metabolism @ﬁ“‘“ f—ot — =@
Highly expressed in brain but many other tissues as well ® " e s lwr:;n:-fn":l “mq\'\\:@;“":‘-
Phosphorylat.ed anq ublgumnated TDP-43 aggregates into '::’*‘T.:.*; D 0O wi ::"'i "i“;‘}*}
extranuclear inclusions in most MND, some FTD and other gy P LS RN T i
neurodegenerative diseases (variable). Cytoplasm & s e Mfm\l :

s g B b
Prasad et al., Frontiers Mol Neurosci 2019; 12:25

CSF TDP-43in FTLD / ALS /C9orf72

81 8
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Juntilla et al., Dement Ger Cogn Disorders 2016; 6:142



Biomarkers for Autopsy-Confirmed TDP-43 Pathology (FTD-TDP, LATE, ALS)

Biomarker Biofluid/ | Disease Cohort (n) Key Findings Reference (AMA)
Modality

Plasma GFAP, NfL, IL-6, Plasma LATE, AD ROSMAP (n > Composite proteomic signature  Guo T et al. JAMA Neurol.
IL-8, TNFR2 controls 300+ autopsy- predicted LATE-NC (stage =2) 2024;81(2):152-162.
(composite) confirmed) independently of AD pathology
CSF phosphorylated CSF ALS, FTD Small series (n < Elevated in ALS, but low Feneberg E et al. Brain.
TDP-43 (pTDP-43) 50) with some sensitivity/specificity; poor 2021;144(8):2383-2395.
autopsy- reproducibility
confirmed
[18F]AV-1451 (tau PET) PET LATE vs. Autopsy- LATE-NC cases had low AV-1451 Robinson JL et al. Brain.
(negative) Imaging AD confirmed FTLD retention, helping distinguish 2021;144(6):1970-1981.
cohort (n = 84) from AD
Cortical thinning (MRI)  MRI FTD-TDP Autopsy- MRI atrophy patterns Whitwell JL et al. Brain.
vs. FTD- confirmed FTLD differentiate FTLD-TDP vs. FTLD- 2010;133(3):720-735.
tau cohort (n = 84) tau
Skin biopsy TDP-43 Skin ALS, FTD Small n (<20), Cytoplasmic pTDP-43 inclusions Gonzalez-Rojas R et al. Acta

aggregates

some autopsy
correlation

found in dermal fibroblasts; not
yet validated broadly

Neuropathol.
2020;139(5):827-836.



Assay

GFAP + AB42/40 +
ApoE4

NfL

Progranulin (GRN
carriers)

Plasma TDP-43
(total, pTDP-43)

EV TDP-43 + 3R/4R
tau ratio

Plasma

Plasma

Plasma

Plasma

Plasma EVs

Cohort Size

497 decedents
(ROSMAP)

Subset of ROSMAP

~100 FTD (GRN+ /
GRN-)

85 FTD-mutation
carriers

~1100 across 2
cohorts

Sensitivity /
Specificity / AUC

AUC ~0.75 (LATE)

Modest elevation;
nonspecific

High
sensitivity/specificit
y for GRN mutation
Increased in

GRN/C9orf72;
inconsistent

AUC >0.85-0.99
(FTLD-TDP vs tau)

Blood-based Biomarkers for FTD diseases

Key Strength

Multimarker panel;
autopsy validated

Robust axonal injury

marker

Reliable genetic
biomarker for GRN
mutation

First direct TDP-43
blood measure;
experimental

High diagnostic
accuracy; validated

Reference

Yu et al., Nat
Commun. 2023

Yu et al., Nat
Commun. 2023

Various reviews

Suarez-Calvet et al.,
JNNP 2014

Nature Med 2024
(DESCRIBE study)



Assay

Plasma NfL

Plasma total tau
+ p-tau181 + AB

Plasma
p-tau217

Plasma EV
3R/4R tau ratio

Plasma EV
TDP-43 + EV tau
ratio

Plasma

Plasma

Plasma

Plasma
EVs

Plasma
EVs

Blood-based Biomarkers for Other Tauopathies

Cohort Size

PSP cohorts, size
varies

APS cohort (incl.
PSP, CBD, FTD-P)

9 PSP/CBD in
larger cohort

~704 discovery +
~292 validation

~996 total incl.
PSP, FTD, ALS

Sensitivity /

Specificity /
AUC

Elevated in PSP;
correlates with
severity

AUC 0.932 for
FTD-P vs APS

Low in PSP/CBD;
not useful

Sens 93%, Spec
95% for PSP

AUC >0.9 for tau
vs TDP vs PSP

Key Strength

Robust axonal
injury marker

Multimarker
differential
diagnosis tool

Specific for AD,
not PSP/CBD

High accuracy for
4R tauopathies

Molecular
differentiation of
FTD subtypes

Reference

Wilke C et al. Front Neurol. 2019;10:659.

Wang Y et al. Front Aging Neurosci.
2018;10:343.

Palmqvist S et al. JAMA Neurol.
2020;77(3):349-359.

Chatterjee P et al. Nat Med.
2024;30(2):234-245.

Chatterjee P et al. Nat Med.
2024;30(2):234-245.



Heterogeneous Risk Factors and Pathophysiological Drivers of
Alzheimer’s Disease & Related Dementias

Protein Misfolding: Autophagy/

Amyloid-p, Tau, Lysosome Dysfunction
a-Synuclein,TDP-43

Mitochondrial
Dysfunction

Ubiquitin-Proteosome

Dysfunction 2
Oxidative/

Nitrosative Stress

. {r Apoptosis/
‘ Q N Necroptosis
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Inflammation & } - - Vascular Injury /
Immune Response Neuronal
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