Measurement and clinical utility of CSF proteins
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Alzheimer’s disease

Slowly progressive memory loss and dementia

Neuropathology:
plaques B-amyloid
tangles phosphorylated tau protein

neuronal and synaptic degeneration

Very rare (< 0.1%) familial form very common sporadic and age-related form

USA 2014 Around 5.200.000 patients with Alzheimer's

A new patient every minute

Around 200.000 patients < 65 years

Costs for society - around 214 billion USD per year
more than costs of cancer, heart disease and stroke together



Amyloid aggregation and deposition is believed to be key in Alzheimer’s
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Promising B-amyloid drugs for Alzheimer’s disease are tested in trials
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* Immunotherapy Active B-amyloid vacination
Passive immunotherapy with anti-Af antibodies

* Reduce production B-secretase (BACE) inhibitors and y-secretase modulators

* Up to 20-30% of clinically diagnosed “Alzheimer” cases are mis-diagnosed
* Alzheimer’s disease cannot be diagnosed clinically in the early MCI stage

Biomarkers are needed for:

* Diagnostics « Select true AD cases for inclusion in clinical trials

* Thereagnostics * |dentify target engagement and monitor effects on neurodegeneration

* Clinical research * Study disease pathogenesis directly in patients



The core CSF biomarkers for Alzheimer’s disease
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The three established ELISA methods for AD CSF biomarkers

tau Protein in Cerebrospinal Fluid

HT7 BT2
A Biochemical Marker 7

for Axonal Degeneration in Alzheimer Disease? I —— 50—
K. BLENNOW,*' A. WALLIN? H. AGREN? $
C. SPENGER,” J. SIEGFRIED,' AND E. VANMECHELEN® 300% increase in AD

Mol Chem Neuropathol 1995

ORIGIMAL CONTRIBUTION

Cerebrospinal Fluid B-Amyloid 4 X

in Alzheimer Disease 3D6

1 B-amyloid 42

Differences Between Early- and Late-Onset Algheimer

Disease and Stability During the Course of Disease \ 21F12

Meels Andreazen, MD; Camalla Hesse; Pia Davidsson, FAD: Lessart Minthon, MD, FhD; Anders Wallin, MD, Phl;
Benp Winkiad, MD, PhD: Huge Vasderstichele, FAD; Exgeen Vanmechelem, PhLE Kaj Blmoew, MD, FRD

Arch Nevurol 1999 [ 50% decrease in AD }

W Neuroscience
) Letters
.hii AT270
ELSEVIER Neusoncencs Lettry 295 120001 45-52 B
W ARV O 1, O T O0E B el et
TT T T T TTT T
1 1 11 1

T
11 1 1
Quantification of tau phosphorylated at threonine 181 in human :* T T |||,.-|—|T|—||-||—n—|-|—|-|-|—|—|

[
cerebrospinal fluid: a sandwich ELISA with a synthetic 5 % SS S sss SSS SS SS SS SSSSSSS S
phosphopeptide for standardization

> HT7
E. Vanmechelen®*, H, Vanderstichele’, P, Davidsson®, E. Van Kerschaver”,
B. Van Der Perre®, M. Sjogren®, N. Andreasen®, K. Blennow™ *

[ 2-300% increase in AD }




How well validated are the core AD CSF biomarkers clinically ?
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Can CSF biomarkers identify prodromal AD ?
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Articles

& @ Association between CSF biomarkers and incipient
Alzheimer’s disease in patients with mild cognitive
impairment: a follow-up study

Oskar Hansson, Henrik Zetterbery, Pedar Buchhave Elisaber Londos, Kaj Blennow, Lennart Minthon

Follow-up study on MCI (>4 years)

CSF samples taken at baseline

MCI n=134 57 MCI—> AD

56 MCI > MCI

21 MCI — other dem.
Controls n =37

A8421P-tau1“ ratio
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Biomarker-based diagnostic research criteria for AD

Advancing research diagnostic criteria for Alzheimer’s
disease: the IWG-2 criteria

Bruno Dubois, Howard H Feldman, Claudia Jacova, Harald Hampel, José Luis Molinuevo, Kaj Blennow, Steven T DeKosky, Serge Gauthier,
Dennis Selkoe, Randall Bateman, Stefano Cappa, Sebastian Crutch, Sebastiaan Engelborghs, Giovanni B Frisoni, Nick C Fox, Douglas Galasko,
Marie-Odile Habert, Gregory A Jicha, Agneta Nordberg, Florence Pasquier, Gil Rabinovici, Philippe Robert, Christopher Rowe, Stephen Salloway,
Marie Sarazin, Stéphane Epelbaum, Leonardo C de Souza, Bruno Vellas, Pieter | Visser, Lon Schneider, Yaakov Stern, Philip Scheltens,

Jeffrey L Cummings

In the past 8 years, both the International Working Group (IWG) and the US National Institute on Aging—Alzheimer’s
Association have contributed criteria for the diagnosis of Alzheimer’s disease (AD) that better define clinical
phenotypes and integrate biomarkers into the diagnostic process, covering the full staging of the disease. This
Position Paper considers the strengths and limitations of the IWG research diagnostic criteria and proposes advances
to improve the diagnostic framework. On the basis of these refinements, the diagnosis of AD can be simplified,
requiring the presence of an appropriate clinical AD phenotype (typical or atypical) and a pathophysiological
biomarker consistent with the presence of Alzheimer’s pathology. We propose that downstream topographical
biomarkers of the disease, such as volumetric MRI and fluorodeoxyglucose PET, might better serve in the
measurement and monitoring of the course of disease. This paper also elaborates on the specific diagnostic criteria
for atypical forms of AD, for mixed AD, and for the preclinical states of AD.
Lancet Neurol 2014: 13: 614-29

* Impairment in episodic memory

Plus one or more of

* CSF - low AB42, high T-tau or P-tau
* PET - high cortical amyloid ligand uptake

[ = Need of studies on how the AD biomarkers complement each other and can be combined ]




How do amyloid PET and CSF AB42 compare ?

Study design:

examined for both CSF biomarkers
and amyloid '8F-flutemetamol PET

118 patients with cognitive complaint

- as part of clinical routine - 2 years

g:> [ Cut-offs:

CSF AB42 < 647 pg/mL
18F-flutemetamol PET > 1.42
[ Original cohort n=118 ] [ Validation cohort n= 38 ]
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Composite SUVRs of ["*F]fiutemetamol

[ Positive PET+CSF or Negative PET+CSF 92 % ]

Composite SUVRs of ["F]flutemetamol

[ Positive PET+CSF or Negative PET+CSF 97 % ]

Palmquist S, et al, JAMA Neurol 2014




Are amyloid PET and CSF AB42 really equivalent ?

Brain Advance Access published March 2, 2016
Trends in Pharmacol Sci 2015;36:297-309 0 09SO 1§ WA 2018 Agr ol 11 ]
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Amyloid biomarkers in Alzheimer’s
disease Cerebrospinal fluid analysis detects cerebral
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Henrik Zetterberg''” emission tomography

Sebastian Palmgvist'” Nildas Mattsson'” and Oskar Hansson'" for the Alzheimer's Disease
Neuroimaging Initiative”
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show future amyloid accumulation
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Large variation in Alzheimer CSF AB42 levels between laboratories
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The Alzheimer’s Association external quality control program
for cerebrospinal fluid biomarkers
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The Alzheimer’s Association QC program for CSF biomarkers alzhetmers G association
the compassion to care, the leadership to conguer
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Principle for the QC program:

For each round, 3 QC samples (pooled CSF) are sent out
2 unique samples - for comparisons between labs

1 identical sample - for comparisons over time > 90 labs
k Frequency: 3 times per year //
Gothenburg (Lab 2) All 56 labs in this round
Round: 2013:12A Mean: 717 pg/mL
Result: 693 pg/mL SD: 110 pg/mL
Method: INNOTEST cv: 15,3%
S Valugs in current sample /-) Variability between labs and between ELISA batches\
1000 - & - need of standardization efforts:

pre-analytics
analytical procedures

AB42/(pgimL)
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. “ The IFCC Work Group for CSF proteins

Intermational Federafion
of Ciinical Chemisiry
and Laboratory Medicine

Reference Measurement Procedure (RMP)

[ High precision Mass specirometry-based technique ]
Certified calibrator (amino acid analysis) ]
Tested in Round Robin studies ] Golden Stqndard.methOd
for absolute quantification
[ Intended use ]—)[ Set level in the Certified Reference Material ]

Certified Reference Material (CRM)

[ Large aliquoted CSF pool Exact level set using RMPs

Golden standard CSF

with exact levels

Commutability between assays tested ]

Tested for long-term stability etc.

Intended use ]—)[ Distribution to kit vendors and large labs [ Harmonize CSF levels between assay formats ]

" R

Assure stability between production lots ]




Reference method for CSF AB42 - Validated "Golden standard” method

* Antibody-free Single Reation Monitoring (SRM) Triple Quad mass spec method for CSF A isoforms

v
) =) . ) ‘ —>
L / |

Separation of AB by HPLC

CSF + Guanidine HCI Elute + dr
internal AB standards — denaturation SPE antibody-free + redissolveyin
purification ACN and NH.OH
4
AB1-40
. = Ql Qz Q3 —— Endogenous AR
o . (0] o ° ° --. AP standards
) v Qo @0 o}o ——»| 0 —» O}
\j 1 O O o o
oy | Ion source filter fragmentation filter :>
& 10n source aginiciitauoin - AB1-38 . AB1-42
\ /\ A
N A\
Vantage Triple Quad mass spectrometry 55 6.0 6.5 70 75
Time (min)
Quantification of AB isoforms

* Isotope labelled AB calibrator added to the CSF sample (and thus processed identically)
* No antibodies involved

= absolute quantification without interference (matrix effects)
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Round robin test on quantification of amyloid-f8 1-42 in cerebrospinal
fluid by mass spectrometry

Josef Pannee™ ", Johan Gobom®, Leslie M. Shaw", Magdalena Korecka", Erin E. Chambers",
Mary Lame", Rand Jenkins®, William Mylott’, Maria C. Carrillo®, Ingrid Zegers'.
Henrik Zetterberg ™, Kaj Blennow”, Erik Portelius®

* Four laboratories with SRM methods for CSF AB42: 1080
University of Gothenburg
University of Pennsylvania -~
PPD, USA o 800- i
Waters, USA 2 = "-”
O 7
= 2
12 CSF samples analyzed 2 | ‘ﬁ,;'f
* One CSF served as a Candidate Reference Material 2 o j
5 d e~ Lab1
e ?f’ . Lab 2
2 4004 ) a P
3 ¥ - Lab3
o 1 -#- Lab4
= SRM mass spec suitable as a Reference o v
¥
Measurement Procedure (RMP) for CSF AB42
0 T ) Ll ) 1
0 200 400 600 800 1000

Mean of all labs



Mass spectrometry Reference measurement procedure (RMP) for CSF AB42

Clinical Chemistry 60:7 Proteomics and Protein Markers

987994 (2014)

Mass Spectrometry—Based Candidate Reference
Measurement Procedure for Quantification of Amyloid-f8
in Cerebrospinal Fluid

Andreas Leinenbach,'” Josef Pannee,?* Thomas Dilffer,’ Andreas Huber, Tobias Bittner, Ulf Andreasson,?
Johan Gobom,? Henrik Zetterberg,>* Uwe Kobold," Erik Portelius,” and Kaj Blennow”” on behaif of the
IFCC Scientific Division Working Group on CSF proteins
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108 Press

Qualification of a Surrogate Matrix-Based
Absolute Quantification Method for
Amyloid-B4> in Human Cerebrospinal Fluid
Using 2D UPLC-Tandem Mass Spectrometry

Magdalena Korecka®, Teresa Waligorska®, Michal Figurski®, Jon B. Toledo™“, Steven E. Amold™,
Murray Grossman®, John Q. Trojanowski™® and Leslie M. Shaw®*
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= Certified methods for harmonization of results between assays and laboratories




DE GRUYTER

Clin Chem Lab Med 2015; aop

No. Symbols Non individual samples

Spiked AB42
concentration, ng/L

. Individual CSF samples 0
1 O CSF pool low Af42 0
2 CSF pool high AB42 0
3 aCSF 1000
4 D PBS 1000
5 CSF pool low AB42 2000
6 CSF pool low AB42 1000
7 CSF pool low AB42 500
8 CSF pool low AB42 250
9 . CSF pool low AB4§2+0.05% 0
Tween
10 CSF pool high AB42+0.05% 0
Tween
11 . aCSF +0.05% Tween 1000
12 PBS + 0.05% Tween 1000
13 CSF pool low AB42+0.05% 2000
<> Tween 1000
14 CSF pool low AB42+0.05%
Tween
15 CSF pool low Af42+0,05% 500
Tween
16 CSF pool low AB42+0.05% 250

Tween

Maria Bjerke, Uif Andreasson, Julia Kuhlmann, Erik Portelius, Josef Pannee, Piotr Lewczuk,
Robert M. Umek, Eugeen Vanmechelen, Hugo Vanderstichele, Erik Stoops, Jennifer Lewis,

Manu Vandijck, Vesna Kostanjevecki, Andreas Jeromin, Salvatore J. Salamone,

Oliver Schmidt, Anja Matzen, Kairat Madin, Udo Eichenlaub, Tobias Bittner, Leslie M. Shaw,

Ingrid Zegers, Henrik Zetterberg and Kaj Blennow*

Assessing the commutability of reference material
formats for the harmonization of amyloid beta

measurements

e T
/I
55"‘." =

KL Bt

AlzBio3

r2=0.60-0.69
r2=0.70-0.79
r2=0.80-0.89

m 2>09

* Native CSF pools commutable for almost all method combinations
* CSF pool with spiked AB42 was only commutable at low levels

‘ = Three different levels of native CSF pools will be used for three CRMs |



The final destination: CSF biomarker assays on fully automated clinical analyzers

* Fully automated - minimize variations due to differences in laboratory procedures
- reduced between-run, between-batch and between-lab variations

= Will allow uniform cut-off levels

* Single sample analysis = fast results (< 30 min) to the clinician

LLMIPULSE (71200
_‘,l_

=

Roche Diagnostics - Cobas Fujirebio - Lumipulse



New fully automated techniques in alzheimer’s QY association’
the Alzheimer’s Association QC program for CSF biomarkers

Alzheimers

~or

: Dementa

Techmcal performance of a novel, fully automated
electrochemiluminescence immunoassay for the quantitation
of B-amyloid (1-42) in human cercbrospinal fluid

i
=

Tobaas Binner', Hennik Zetterberg ™, Charlone E. Teunissen”, Richard E. Ostlund, Jr..",
Michael Militello', UIf Andreasson ', Isabelle Hubeek™, David Gibson' . David C, Chu',

Udo Eichenlaub’, Peter Heiss'. Uwe Kobold', Andreas Leinenbach®, Kairut Madin®, Roche Diqgnosﬁcs - Cobas
Ekatenina Manuilovi’, Christina Rabe’, Ky Blennow
Elecsys

Between laboratory CV (percent)
B-amyloid (1-

INNOTEST® AlzBio3 MULTI-SPOT® 42) Elecsys®
B-AMYLOID (1-42) (RUO) Human AB42 Eurolmmune [B-Amyloid(1-42)

(CE-IVD) Fujirebio V-PLEX ADx Roche

Fujirebio MSD Diagnostics
Round
2014-14A 18 16 50 ND 2,9
2014-14B 21 19 43 ND 4,4
2014-15A 15 7,1 12 ND 4,6
2014-15B 17 14 12 ND 3,4
2104-16A 27 40 13 57 3
2014-16B 17 30 11 19 2,5
2015-17A 19 17 21 6,5 1,9
2015-17B 14 15 20 8,2 3,2
2015-18A 13 25 10 22 7,2
2015-18B 13 13 9,4 16 4,7
2015-19A 13 40 10 13 3
2015-19B 13 15 13 13 1,5

MEAN < 16,7 20,9 18,7 19,3)@




The CSF biomarkers AB42 and T-tau on the fully automated Lumipulse instruments

Lumipulse G1200 Lumipulse G600 I
(benchtop model)

Analytical performance (in-house data)

CSF AB42 = CVs of 2-5% within-run, between instrument and between-day

CSFT-tau = CVs of 1-3% within-run, between instrument and between-day

[ The Lumipulse assays are not yet in the QC program }




Can we develop new Alzheimer CSF biomarkers ?

An ac 'uvunnmlut
reives vl initisdey
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Synaptic proteins in CSF:
* May predict rate of memory loss and cognitive dysfunction
* May give information on disease pathogenesis

* May serve as surrogate biomarkers in clinical trials

‘,z \:Q:B%
The dendritic protein neurogranin: o S e
..ﬂ:-"'.}_'rms’; ST o
 Abundant in cortex, hippocampus, amygdala l//>\\ —NaJ ™
 Concentrated in dendritic spines ,l| _"/ N —e—1
* Important for memory consolidation and LTP induction \\T {. ,/-7’“:—\. =
\ T

Neurogranin: small (78 aa) soluble protein

IQ motif
(CaM binding sequence)

MDCCTENACSKPDDDILDIPLDDPGANAAAAKIQASFRGHMARKKIKSGERGRKGPGPGGPGGAGVARGGAGGGPSGD
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Cerebrospinal fluid levels of the synaptic protein neurogranin correlates
with cognitive decline in prodromal Alzheimer's disease
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=>» Neurogranin is cleaved to C-terminal peptides before release to CSF

MDCCTENACSKPDDDILDIPLDDPGANAAAAKIQASFRGHMARKKIKSGERGRKGPGPGGPGGAGVARGGAGGGPSGD
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CSF Neurogranin as a biomarker for Alzheimer’s disease
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Pilot cohort: 16 AD and 10 Controls

p <0.0001
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r,=0.88, p < 0.0001
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=>» CSF Neurogranin show a marked increase in AD

=>» ELISA values correlate with MS values (Ng 48-76)
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CSF Neurogranin as a biomarker for prodromal AD
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[ =» CSF Neurogranin is increased in prodromal AD }




CSF Neurogranin to predict rate of progression in ADNI cases with MCI
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[ =>» CSF neurogranin predicts future rate of synaptic loss and cognitive decline ]




Is CSF Neurogranin specific for Alzheimer’s ?
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