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Slowly progressive memory loss and dementia

Neuropathology:

plaques β-amyloid 

tangles phosphorylated tau protein

neuronal and synaptic degeneration

Alzheimer’s disease

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

Around 5.200.000 patients with Alzheimer’sUSA 2014

Around 200.000 patients < 65 years

A new patient every minute

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 β-amyloid drugs for Alzheimer’s disease are tested in trials

• Diagnostics • Select true AD cases for inclusion in clinical trials

b-sAPP

g -secretase

SP KPI OX2

b-amyloid

b-secretase C99 CTF

• Immunotherapy Active β-amyloid vacination
Passive immunotherapy with anti-Aβ antibodies

• Reduce production β-secretase (BACE) inhibitors and γ-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

• Thereagnostics • Identify target engagement and monitor effects on neurodegeneration

Biomarkers are needed for:

• Clinical research • Study disease pathogenesis directly in patients



Phosphorylation state of  tau / 
development of tangles

Phospho tau

b-amyloid metabolism /
development of senile plaques

Aβ 42+40

Total tau
Neuronal / axonal

degeneration

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



http://www.alzforum.org/alzbiomarker

Example: CSF T-tau

 148 studies

 11.108 AD and 6.998 controls

 Mean ratio 2.54 (95% CI 2.44-2.64)

Olsson B, et al. Lancet Neurol 2016, in press

How well validated are the core AD CSF biomarkers clinically ?



Can CSF biomarkers identify prodromal AD ?

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

Sensitivity    MCI  AD 95 %

Specificity   MCI  MCI + other   87 % Hazard ratio :  25.5 (7.7 – 84.9) 

Cut-off:  T-tau >350 pg/mL  + Ab42 / P-tau ratio  < 6.5



Biomarker-based diagnostic research criteria for AD

• Impairment in episodic memory

Plus one or more of

• CSF - low Aβ42, 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 Aβ42 compare ?

Study design:   118 patients with cognitive complaint

examined for both CSF biomarkers   - as part of clinical routine – 2 years

and amyloid 18F-flutemetamol PET 

Original cohort   n= 118

Positive PET+CSF or Negative PET+CSF     92 %

Validation cohort   n= 38

Positive PET+CSF or Negative PET+CSF     97 %

Cut-offs:   CSF Aβ42 < 647 pg/mL
18F-flutemetamol PET   > 1.42

Palmquist S, et al, JAMA Neurol 2014 



 Meta-analysis of 10 papers on CSF Aβ42 vs. amyloid PET

 Total no. of cases (AD, MCI, control):   1064

 PET+CSF in agreement (both positive or negative): 88.0 %

 Cases that are PET neg but CSF positive:  8 %

CSF Aβ42 and amyloid PET 

give similar but NOT identical

diagnostic accuracy

Trends in Pharmacol Sci 2015;36:297-309

Are amyloid PET and CSF Aβ42 really equivalent ?

 CSF Aβ42 is an earlier biomarker than amyloid PET

CSF-pos / PET-neg subjects 

show future amyloid accumulation

but not yet evidence of neurodegeneration



Large variation in Alzheimer CSF Aβ42 levels between laboratories

Large CSF Aβ42 variability across laboratories



The Alzheimer’s Association QC program for CSF biomarkers

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

Frequency: 3 times per year

 Variability between labs and between ELISA batches

- need of standardization efforts:

pre-analytics

analytical procedures

assay manufacturing



High precision Mass spectrometry-based technique

Certified calibrator (amino acid analysis)

Tested in Round Robin studies

Intended use Set level in the Certified Reference Material

Reference Measurement Procedure (RMP)

Golden standard method
for absolute quantification

Large aliquoted CSF pool Exact level set using RMPs

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

Assure stability between production lots

Certified Reference Material (CRM)

Golden standard CSF
with exact levels

The IFCC Work Group for CSF proteins



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

Reference method for CSF Aβ42 - Validated ”Golden standard” method

Separation of Aβ by HPLC

Vantage Triple Quad mass spectrometry

CSF + 
internal Aβ standards

Guanidine HCl
 denaturation SPE antibody-free

purification

Elute + dry
+ redissolve in

ACN and NH4OH

Quantification of Aβ isoforms

5.5 6.0 6.5 7.0 7.5
Time (min)

Aβ1-38 Aβ1-42

Aβ1-40

Endogenous Aβ

Aβ standards

• Isotope labelled Aβ calibrator added to the CSF sample (and thus processed identically)

• No antibodies involved 

 absolute quantification without interference (matrix effects)



 SRM mass spec suitable as a Reference 

Measurement Procedure (RMP) for CSF Aβ42

Mean of all labs 
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• Four laboratories with SRM methods for CSF Aβ42:

University of Gothenburg
University of Pennsylvania
PPD, USA
Waters, USA

•  12 CSF samples analyzed

•  One CSF served as a Candidate Reference Material



Mass spectrometry Reference measurement procedure (RMP) for CSF Aβ42

 Certified methods for harmonization of results between assays and laboratories

Joint Committee for Traceability

in Laboratory Medicine (JCTLM) approvals



• Native CSF pools commutable for almost all method combinations

• CSF pool with spiked Aβ42 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

Roche Diagnostics – Cobas Fujirebio - Lumipulse



Between laboratory CV (percent) 

INNOTEST®   AlzBio3 MULTI-SPOT® 
β-amyloid (1-

42) Elecsys®

β-AMYLOID (1-42) (RUO) Human Aβ42 EuroImmune β-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 3,5

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

Roche Diagnostics – Cobas

Elecsys



The CSF biomarkers Aβ42 and T-tau on the fully automated Lumipulse instruments

Lumipulse G1200 Lumipulse G600 II
(benchtop model)

Analytical performance (in-house data)

CSF Aβ42  CVs of 2-5%  within-run, between instrument and between-day

CSF T-tau  CVs of 1-3%  within-run, between instrument and between-day

The Lumipulse assays are not yet in the QC program



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

The dendritic protein neurogranin:

• Abundant in cortex, hippocampus, amygdala

• Concentrated in dendritic spines

• Important for memory consolidation and LTP induction

Can we develop new Alzheimer CSF biomarkers ?

IQ motif

(CaM binding sequence)

MDCCTENACSKPDDDILDIPLDDPGANAAAAKIQASFRGHMARKKIKSGERGRKGPGPGGPGGAGVARGGAGGGPSGD

Neurogranin:    small (78 aa) soluble protein

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=RtkY-JR_Xf-WoM&tbnid=LWIss5ca4rx1dM:&ved=0CAUQjRw&url=http://www.oblibene.biz/userdata/shopimg/linguistic/gymnazium/file/CLIL DATABASE - bro%C5%BEury/CLIL ve v%C3%BDuce biologie(1).pdf&ei=w_zbUb-eIdHXsgal2oCABA&bvm=bv.48705608,d.Yms&psig=AFQjCNHRWSTPAkiOrU8Oxs1U6DSI5prmWQ&ust=1373457907509675
http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=RtkY-JR_Xf-WoM&tbnid=LWIss5ca4rx1dM:&ved=0CAUQjRw&url=http://www.oblibene.biz/userdata/shopimg/linguistic/gymnazium/file/CLIL DATABASE - bro%C5%BEury/CLIL ve v%C3%BDuce biologie(1).pdf&ei=w_zbUb-eIdHXsgal2oCABA&bvm=bv.48705608,d.Yms&psig=AFQjCNHRWSTPAkiOrU8Oxs1U6DSI5prmWQ&ust=1373457907509675


IP-MALDI of CSF
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 Neurogranin is cleaved to C-terminal peptides before release to CSF

Epitope

NG2        52-63

NG3        54-65

NG7        54-65        

Novel monoclonals

MDCCTENACSKPDDDILDIPLDDPGANAAAAKIQASFRGHMARKKIKSGERGRKGPGPGGPGGAGVARGGAGGGPSGD

RKKIKSGERGRKGPGPGGPGGAGVARGGAGGGPSGD

Epitope

NG13        65-75

NG22        65-75



 CSF Neurogranin show a marked increase in AD

 ELISA values correlate with MS values (Ng 48-76) 

CSF Neurogranin as a biomarker for Alzheimer’s disease
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CSF Neurogranin as a biomarker for prodromal AD

Amsterdam cohort:   40 AD

37 MCI (14 

progressive)

40 Controls

 CSF Neurogranin is increased in prodromal AD



193 MCI cases -

CSF neurogranin levels stratified in quartiles

Change in MMSE score during follow-up

Change in FDG-PET SUVR during follow-up

CSF neurogranin vs. change in MMSE during follow-up

Low

Low-medium

Medium-high

High

CSF Neurogranin to predict rate of progression in ADNI cases with MCI 

CSF neurogranin predicts future rate of synaptic loss and cognitive decline

CSF neurogranin vs. decline in FDG-PET during follow-up

Low

Low-medium

Medium-high

High



Diagnostic groups:

Controls n=   19

Alzheimer s disease         n= 100

Familial AD   n=     3

Behavioral variant FTD n=   20

Semantic variant FTD       n=   21

Lewy body dementia n=   13

Parkinson’s disease n=   31

Progr. supranucl. palsy n=  46

Multiple system atrophy n=  29                     

Is CSF Neurogranin specific for Alzheimer’s ?

0

100

200

300

400

500

600

700

800

900

Wellington H, et al. Neurology 2015, in press



Thanks for listening !


