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On the health care map 
• One of the largest hospitals in Europe 
• A specialist hospital for the Västra 

Götaland Region 

• Seven national specialised medical care 
assignments 

• Pioneering research conducted in 
collaboration with the Sahlgrenska 
Academy, Chalmers University of 
Technology, industry and other bodies 
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One single day at the 
hospital 
• 30 deliveries 
• 550 emergency visits 

• 3 400 outpatient visits 

• 17 000 laboratory analyses 
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Clinical Chemistry Laboratory 
• This laboratory is accredited in 

accordance with the International 
Standards  

- ISO 15189:2012 - Medical laboratories - 
Requirements for quality and competence 

- ISO 22870:2006 - Point-of-care testing - 
Requirements for quality and competence 

• First hospital laboratory in Sweden to be 
accredited (1992). 
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Alzheimer’s disease (AD) 
• The most common cause of dementia  

- Accounts for 60-80% of all cases of dementia 

• > 40 million people worldwide affected 
• First described in 1906 by Alois Alzheimer 

Alois Alzheimer's patient 
Auguste Deter in 1902  

Image: public domain 

Alois Alzheimer  
Image: public domain 
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Characteristic clinical symptoms 
• Impaired episodic memory  
• aphasia 

- disturbance in formulation and 
comprehension of language 

• apraxia  
- loss of the ability to execute or 

carry out learned purposeful 
movements 

• agnosia  
- loss of ability to recognize objects, 

persons, sounds, shapes, or smells 

• general cognitive symptoms 
- impaired judgment, decision-

making and orientation 
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Neuropathology 
• Deposits of extracellular plaques 

- mainly Aβ peptides 

• Intracellular neurofibrillary tangles 
- phosphorylated tau protein 
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APP processing 

APP 

Aβ1-42 
• Aβ peptides - natural metabolic products of the transmembrane glycoprotein APP. 
• Generated through the amyloidogenic pathway by consecutive actions of β- & γ-secretase. 
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APP processing 

Aβ1-42 

β 

sAPPβ (soluble APP extracellular domain Beta) 

APP 

• Aβ peptides - natural metabolic products of the transmembrane glycoprotein APP. 
• Generated through the amyloidogenic pathway by consecutive actions of β- & γ-secretase. 
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AICD 

APP processing 

CTFβ 

γ 

• Aβ peptides - natural metabolic products of the transmembrane glycoprotein APP. 
• Generated through the amyloidogenic pathway by consecutive actions of β- & γ-secretase. 

(amyloid precursor protein intracellular domain) 
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Aβ misfolding and oligomerisation 

Fibrils Plaque Monomers Misfolded Dimers   
oligomers 

• A conformational change of Aβ into high β-sheet content is believed to increase its 
propensity to self-aggregate. 

• Which of these forms that are neurotoxic is still uncertain, but  
- levels of soluble Aβ dimers and oligomers has been shown to correlate with clinical symptoms and 

synaptic loss 
- Fibrils have been shown to induce neuronal loss  



Sahlgrenska University Hospital 

The amyloid cascade hypothesis 

Imbalance in  
Aβ production  
& clearence 

AD  
dementia 

deposition of 
Aβ in the brain 

neuro-
degeneration 

20-30 years 

Clinical trials 
(current) 



Sahlgrenska University Hospital 

The amyloid cascade hypothesis 

Imbalance in  
Aβ production  
& clearence 

AD  
dementia 

deposition of 
Aβ in the brain 

neuro-
degeneration 

20-30 years 

Clinical trials 
(desired) 
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Diagnosis 
• Medical history, cognitive tests and mental state exams 

• Post mortem neuropathological examination required for definitive diagnosis 

• Ongoing process of including biomarkers 
- The International Working Group (IWG)-2 criteria for typical AD  

now include 
‒ increased tracer retention on amyloid PET 
‒ decreased Aβ1-42 together with increased tau in CSF 



Sahlgrenska University Hospital 

Biomarkers 

Type Biomarker  Change in AD 
CSF Aβ1-42 ↓ concentration 
CSF Aβ1-42/Aβ1-40 ratio ↓ ratio 
CSF T-tau ↑ concentration 
CSF P-tau ↑ concentration 

Imaging Structural MRI ↓ volume 
Imaging Functional MRI ↓ functional connectivity 
Imaging FDG-PET ↓ glucose metabolism 
Imaging Amyloid PET ↑ Aβ retention 
Imaging Tau PET ↑ intracellular tau 
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Type Biomarker  Change in AD 
CSF Aβ1-42 ↓ concentration 

~50% lower concentration of Aβ1-42 in CSF in AD 
patients compared to healthy controls  
• Peptide accumulation in plaques in the brain  less in CSF 
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Combined with the microtubule-stabilizing tau protein  
high diagnostic accuracy of AD  
• t-tau – cortical axonal degeneration 

• p-tau – tangle pathology 

 
 

Type Biomarker  Change in AD 
CSF Aβ1-42 ↓ concentration 
CSF T-tau ↑ concentration 
CSF P-tau ↑ concentration 
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Schoonenboom, N. S. et al. Ann Neurol. 2005;58(1):139-42. Wiltfang J et al. J Neurochem. 2007;101(4):1053-9.  
Hansson O et al. Dement Geriatr Cogn Disord. 2007;23(5):316-20. 

Type Biomarker  Change in AD 
CSF Aβ1-42 ↓ concentration 
CSF T-tau ↑ concentration 
CSF P-tau ↑ concentration 
CSF Aβ1-42/Aβ1-40 ratio ↓ ratio 

Low & high Aβ producers  
• When using only Aβ1-42 

• Low producers might be false positive for AD 
• High producers might be false negative for AD 

• Using the ratio of Aβ1-42/Aβ1-40 improve diagnostic accuracy 
• Aβ1-40 levels in CSF are realatively unchanged in AD compared to controls 
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Treatment 
• Existing drugs temporarily improve symptoms 
• There is no therapy that slows or stops the progression of AD 

• Treatment strategies currently evaluated  
- Active immunotherapy: immunization with Aβ peptides 
- Passive immunotherapy: treatment with anti-Aβ antibodies 
- Inhibition of the β-secretase BACE1 

BACE1 = beta-site amyloid precursor protein cleaving enzyme 1 
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AD QC program 



Methods & results 
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180 µL CSF 

IS GdnHCl H3PO4 
SPE 

RP LC Dry &  
resuspend 
eluate 

MS/MS 
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Quadrupole-orbitrap hybrid MS 
- parallel reaction monitoring (PRM) 
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Round Robin study 
• Perform an inter-laboratory study 

involving other laboratories using 
similar LC-MS methods 

• Determine the inter-laboratory 
variation using these methods 

• Examine if these methods are 
suitable to set the level of a 
certified reference material. 
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Using sample 11 as a reference, the 
measurements for the other samples were 
adjusted 

𝑥𝑥
(sample 11 average pg/mL for all laboratories)

(sample 11 pg/mL for each laboratory)
 

Twelve pools of human CSF were 
analyzed at four different laboratories.  
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Interlab CV% 
Average inter-lab CV = 12 %  Average inter-lab CV = 8 %  
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Conclusions 
• A good agreement was seen between the laboratories, with an average 

inter-laboratory CV of 12.2%  
- despite the different methods and instrumentations used 

• Using a common reference sample significantly decreased the average 
inter-laboratory CV (to 8.3%) 
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Calibration in human CSF 
• Surrogate matrix such as artificial CSF might lead to low recoveries of the 

analyte  sensitivity issue 
• Calibrators were prepared in human CSF using the surrogate analyte 

approach 
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Surrogate analyte approach 
• 15N-Aβ1-42 was used as a surrogate for the native  

Aβ1-42 for calibration.  
• 13C-Aβ1-42 was used as IS in both calibrators and 

unknowns. 
• A response factor (f) for 15N-Aβ1-42 to native Aβ1-42  

was determined in artificial CSF 
• When determining the concentration of endogenous 

Aβ1-42 in unknown CSF samples, the concentration of 
15N-Aβ1-42 used in the calibration curve was multiplied 
by f, which was measured before and after each set of 
unknown samples 
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Imprecision 

15N-Aβ1-42 
• LLOQ: 150 pg/mL 

• Truenesss: 100%±15%* 

• No matrix-dependent ion suppression 
Native Aβ1-42 in CSF 

• Interassay imprecision for endogenous Aβ1-42 <5.6%  
(6 different CSF pools over 6 days) 

Imprecision Intra-assay Inter-assay 

250 pg/mL 5.0% 6.4% 

1000 pg/mL 2.2% 5.6% 

*Use of spiking and recovery 
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Response factor of native Aβ1-42 and 
15N-Aβ1-42 in artificial CSF at 
different concentrations (150–4000 
pg/mL, n=2 at each concentration). 

Relative response of endogenous 
Aβ1-42 and 15N-Aβ1-42 in human CSF  
as well as human CSF diluted with 
artificial CSF (volume CSF : artificial 
CSF) 
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CRM released 1/DEC/2017 
 

High, middle and low 
concentrations  
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Commutability 
"A property of a reference material, 
demonstrated by the equivalence of the 
mathematical relationships among the results of 
different measurement procedures for a 
reference material and for representative 
samples of the type intended to be measured.“ 
 

Three commutability studies show 
good commutability of the three 
materials  

- Bjerke M et al. Clin Chem Lab Med 
2016 (I & II) 

- Manuscript in preparation (III) 
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Homogeneity 

Averages / vial number and their 95 % CI  
based on the within-group standard deviation as 
derived from a one-way ANOVA of all data grouped 
by vial number after correction of the analysis trend. 
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Average Aβ1-42 concentrations in CSF the 
three CRMs as measured with the RMPs.  
Bars = laboratory means ± 2s.  
Full line = mean of the means  
Dotted lines = the mean of the means ± 2s. 



Next steps 
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Concordance between CSF Aβ & amyloid PET 
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Aβ1-38, Aβ1-40 and the Aβ1-42/Aβ1-40 ratio 
• Validation of LC-MS  

Aβ1-38 & Aβ1-40  

• Comparison to amyloid PET 
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Validation results - Aβ1-40 
Sample Average concentration 

(pg/mL) 
sr     

(pg/mL) 
CVr     
(%) 

sRW     
(pg/mL) 

CVRW     
(%) 

HIGH 4197 172 4.1 252 6.0 
LOW 2738 94 3.4 166 6.1 

Imprecision - Repeatability (CVr) <10% and reproducibility (CVRW) <15% 
for high & low QC samples. 

Measurement range - The relative 
errors for the back-calculated 
calibrators <15% in the whole 
measurement range defined by the 
calibrator curve (1 500 – 40 000 
pg/mL). 

Sample stability - A sample can go through up to five freeze/thaw cycles with 
no statistically significant effect on the measured concentration of the analyte. 

Storage in -80 ºC is preferred while storage in -20 ºC is acceptable. 
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Validation results - Aβ1-40 

Carry over - No carry-over was detected.  

Highest calibrator (top panel) followed by a 
blank injection (bottom panel, Y-axis range 
adjusted to typical LLOQ-level). No analyte was 
detected in the blank injection. 
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Dilution linearity - Human CSF 
serially diluted with a-CSF  
(2, 5, 10 & 20 fold) 

Parallelism  - Calibrators prepared 
in human CSF & artificial CSF. 

Both matrices can be used 
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CSF Aβ1–42 concentrations with 
an unbiased cutoff determined 
to 1059 pg/mL (horizontal 
dashed line) 

CSF Aβ1–42/Aβ1–40 ratios with a 
cutoff determined at 0.0852 
(horizontal dashed line) 

Abnormal PET & CSF Aβ 
Normal PET & CSF Aβ 
Discordant results 

CSF Aβ1–42/Aβ1–40 ratios with a 
cutoff determined at 0.0852 
(horizontal dashed line) 

 Results show that the CSF Aβ1–42/Aβ1–40 ratio using LC-MS is strongly associated with 
cortical Aβ fibrils measured by 18F-flutemetamol PET. 
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Thank you for your attention 


	Reference measurement procedure for Aβ1-42 in CSF 
	”Highest level of expertise and a firm focus on the patient”��Sahlgrenska University Hospital
	On the health care map
	One single day at the hospital
	Clinical Chemistry Laboratory
	Alzheimer’s disease (AD)
	Characteristic clinical symptoms
	Neuropathology
	APP processing
	APP processing
	APP processing
	Aβ misfolding and oligomerisation
	The amyloid cascade hypothesis
	The amyloid cascade hypothesis
	Diagnosis
	Biomarkers
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Treatment
	AD QC program
	Methods & results
	Slide Number 23
	Quadrupole-orbitrap hybrid MS�- parallel reaction monitoring (PRM)
	Round Robin study
	Slide Number 26
	Slide Number 27
	Interlab CV%
	Conclusions
	Slide Number 30
	Calibration in human CSF
	Surrogate analyte approach
	Imprecision
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Commutability
	Homogeneity
	Slide Number 42
	Next steps
	Concordance between CSF Aβ & amyloid PET
	Aβ1-38, Aβ1-40 and the Aβ1-42/Aβ1-40 ratio
	Validation results - Aβ1-40
	Validation results - Aβ1-40
	Slide Number 48
	Thank you for your attention

