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A JCTLM Members’ and 5takeholders’ meeting ]CTLI\I

4-5 December 2017, BIPM Accurate results

for patient care

Potential clinical applications of biomarkers of neurodegenerative disease Sergio Bernardini (University of Rome Tor Vergata) 09.00
Preanalytical and analytical aspects of CSF biomarker assays Armand Perret-Liaudet (Lyon University Hospital) 09.30
Reference method for b-amyloid in CSF Josef Pannee (Inst. of Neuroscience & Physiology, Sweden)  10.00

Role of metals and metal containing biomolecules in neurodegenerative Claudia Swart (PTB) 10.30
diseases such as Alzheimer’s disease

NO CONFLICT OF INTEREST

« Poids et
eRTTHIV RN oo A LARCEANTOE SRR
+ Mesures of Chnécal Chesmisdny

Bureau —
| Internatienal des ‘: E_I_H
1 FLUFCYAH PR LTI P CUSESSL. CHENETY
k

o Loboralory sedicing




Currently used biomarkers '

Alzheimer (AD) and Creutzfeldt-Jakob (CJD)
Diseases

WHO criteria : possible CJD + positivity
of p1433 - probable CJD




Neuropathological deposits in AD brain patients
Etiological AD markers in the CSF

N&ngles containing Phosphorylated Tau
Protein (p-TAU)

~ Increase of both total and p-TAU
in CSF

" Amyloid and/or Neuritic plaques containing Amyloid
K Peptides Abl-42 (Ab42) and +/- Ab1-40 (Ab40)
2

Decrease of Ab42 and/or

Ab42/Ab40 ratio in CSF
Anti Tau IHC
N. Streichenberger Neuropathology CHU Lyon
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Neuropathological criteria of CJD
1/ Pathological Prion deposits

Anti PrP WB

N. Streichenberger Neuropathology CHU Lyon A. Perret-Liaudet CHU Lyon

CSF total PrP by ELISA and CSF PrPsc by PMCA/RT-
QUICK - Candidates biomarkers = outside this topic
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Neuropathological criteria of CJD
2/ Astrogliocytosis \

Measure of csf GFAP/S100-B : not included
for CID diagnosis criteria

3/ Spongiosis + Neuronal lysis

Detection of 14.3.3 protein in the CSF of CJID patients
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Manual WB for p1433
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Immunometric assays for csf AD biomarkers

Open Classical ELISA assays

Manual or Semi-automated ELISA

Multiplex ELISA assays

Multiparameter analysis




Significant variablility in AD CSF biomarkers values

—> variability in diagnostic accuracy (grey zone
around the clinical cutoff ) and in clinical cutoffs

For p1433, high analytical variability (intra and intercentre)






Preanalytical confounders

e Recommendations reports in the field of AD CSF
biomarkers

e Vanderstichele H. et al. 2011; Del Campo M. et al , 2012...
e Fourier A. et al. 2015:

Clinica Chimica Acta 449 (2015) 9-15

Contents lists available at ScienceDirect u
CLINICA
= = = = CHIMICA
Clinica Chimica Acta ACTAS

journal homepage: www.elsevier.com/locate/clinchim

Invited critical review

Pre-analytical and analytical factors influencing Alzheimer's disease @ CrossMark
cerebrospinal fluid biomarker variability

Anthony Fourier *°, Erik Portelius ¢, Henrik Zetterberg “¢, Kaj Blennow ¢,
Isabelle Quadrio », Armand Perret-Liaudet >>*

* Neurobiology Laboratory, Biochemistry and Moleculor Biology Depart ment, Hapitauwe de Lyon, Lyon, France

 University of Lyon 1, (NRS UMRSZ292, INSERM L1028, BioRan, Lyon, France

© Sociéré Frangaise de Biologie Clnigue (SFBC ), Alzheimer Biomarkers group co-coordination, France

9 (hinical Meurochemistry Laboratory, Institute of Neuroscience and Physiology, Department of Payehiatry and Neurochemistry, the Sahlgrenskn Acodemy at the University of Gothenbure, Sweden
© Department of Molecular Neumscience, UL Institute of Neurology, London, UK
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CSF Sampling

eNeedle diameter and type

eAim 1: decreasing the % of side effects
linked to CSF puncture

elnverse correlation between the % of side \
effects and the inner diameter of the needle
and / or its atraumatic behaviour

B D iy
QUIJOTE AR

DE 1A MANCHA




eNeedle diameter and type

eAim 2: avoiding hemorragic puncture

eHigh content of p1433 in | ,
erythrocytes and/or in blood: high

impact of haemolysis on csf levels




CSF Sampling
eNeedle diameter and type

e Aim 2: avoiding hemorragic puncture

e Significant impact on csf Ab42 csf in case of hemolysis =2
levels decrease by 10-30%

e Significant impact when Total protein
e > 2 5¢g/L = t-Tau and p-tau
e > 1 g/L > Ab42 levels decrease by 20-40 %

Using an atraumatic needle with low inner diameter is
recommended

. Reject the haemolysed csf for these different biomarkers
&
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CSF Sampling: the tube =~
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CSF Sampling

P-tau csf variability near the analytical CV



CSF Sampling: multicenter study In
the frame of SFBC task force

Risk of Alzheimer’s Disease Biological
Misdiagnosis Linked to Cerebrospinal
Collection Tubes irmssmsesspmenene

e confirmation of the data obtained in the
monocentric study
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Proposition to standardise the sampling tube




Shifting from local tubes to consensual tube
(Lyon, Lille and Montpellier): consequences for
Ab42csf |

* defined by YOUDEN index

| PN T

201% 10.8 %

o Clear data showing a significant improvement of variability




The ratio Ab42/40 minimizes the samping
tube adsorption effect

Willemse E. Alz and Dem 2017
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Ratio of surface area to volume (mm2/uL)

Using the consensual reported tube is recommended
Potentially

Ratio 42/40 could be used in case of another PP tube
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Centrifugation of samples o ok

AD biomarkers
P1433

eYes , to eliminate the possible hemolysis whatever the
visual aspect of CSF

e Centrifugation or not ?

e Spinning conditions (done for AD csf panel and p1433)

e last results : spinning conditions are not a confounder
factor

eFor AD biomarkers, the recommendation done : 2000g
10min with controlled temperature I1s enough to ensure
stability of CSF AD biomarkers levels



Storage and stabllity

Storage tube ... plastic Ab42 adsorption

e Values expressed as pourcentages of the mean values obtained In
CSF Ab1l-42 levels with all the tubes

e The problem is the same that for sampling tubes



e Stability was proven:

e 5 days at 4 °C : all the biomarkers are stable (supernatant
or clear csf without cells)

e Up to 2 years at -80°c, aliquoted in small tubes adapted to
500 ul of CSF for AD

e Number of cycles of freezing/thawing
e p1433 is stable (up to 5 cycles)

e AD biomarkers: variablity upon markers (p-Tau>Ab42)

Current Recommendation for AD csf biomarkers:

Maximum of 2-3 cycles

Freeze at -80°C supernatants stored at 4°C (max 5 days)



Analytical variability



Analytical variability

‘French External Quality Assessment Program for csf 1433 protein:

APHP Lariboisiere 2007-2017 (Pr JL Laplanche)

--> In 2012, variability of results between 5 laboratories

Analyse du CQ national 2012 pour la détection de la protéine 14-3-3 dans le liguide
céephalo rachidien

Laboratoire 1 2R 3 + .

CQ1 Positif Négatif Traces Traces Négatif
CQ2 Négatif Négatif Négatif Négatif Négatif
CQ3 Positif Positif Positif Positif Positif

Analyse des résultats rendus par les differents laboratoires sur la base des valeurs
brutes

CQI : 60% de concordance sur + et traces
CQ2 : 100% de concordance.
CQ3 : 100% de concordance



http://www.sciencedirect.com/science/article/pii/S1552526011023983
http://www.sciencedirect.com/science/article/pii/S1552526011023983
http://www.sciencedirect.com/science/article/pii/S1552526011023983
http://www.sciencedirect.com/science/article/pii/S1552526011023983
http://www.sciencedirect.com/science/article/pii/S1552526011023983
http://www.sciencedirect.com/science/article/pii/S1552526011023983
http://www.sciencedirect.com/science/article/pii/S1552526011023983
http://www.sciencedirect.com/science/article/pii/S1552526011023983
http://www.sciencedirect.com/science/article/pii/S1552526011023983
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Analytical variability

The Alzheimer's Association external quality control

orogram for cerebrospinal fluid biomarkers

--> |[n 2011, large variability of values between laboratories

Values in current sample

Values in current sample
Values in cutient sample

P-tau/(pg/mL)
T-taullpa/mL)

AR4Xipg/mL}
=] = =



http://www.sciencedirect.com/science/article/pii/S1552526011023983
http://www.sciencedirect.com/science/article/pii/S1552526011023983
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Variability linked to assays providers

ABR40
IBL/Euroim_mun

1/ Differences between
assays providers explained

by

CSF Ap40 :
IBL values = x 2 Euroimmun

a/ difference of antibodies
b/ difference of calibrators
c/ calibration models...

CSF AB42/40 ratio:
cutoff is highly modified




Variability linked to assays providers

2/ Lot to lot variability (example : t-TAU fujirebio 2011-12)

Levey-Jennings Tau

3/ Quality of Instructions For Use (IFU)
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Variability linked to kit users

1/ Non Compliance to the Instructions For Use

2/ Variability in handling lyophilized calibrators

(Solubilization, dilution ... in plastic tubes...)
3/ different pipetting methodologies...

—> Lack of training
—> | ack of maintenance



Solving inaccuracy

1/ Bias between different assays
2/ Variability inter lots

Inaccuracy —> Reference Methodes—> Certified
Reference Material (CRM)




Reference Methods

Bros et al 2015 Apia2

Mass Spectrometry
2 Validated methods for Ap42
Methods accepted by JCTLM

CRM was prepared

The Ab42 immunological assays : traceability versus
this CRM i CC group

o Native csf was validated
o Data reported on commutabillity : 33/36 Ok

o Stability and homogeneity running



Solving imprecision

Decrease analytical CV
by the way of automatization




Shifting from Manual WB to automatized Size

Hospices Civil de (yon

separation (Simple Western)

Ellane

D AP AP AD AP AP D
PP PR

2

Sample Primary
HUT78 AntiERK
HUT78 AntiERK
HUT78 Anti-4EBP1
HUT78 Anti-4EBP1
HUT78 Anti-PLCgammal
HUT78 Anti-PLCgammal

PP
P

Y

Name MW (kDa) Area

ERK2
ERK1
4EBP1-A
4EBP1-B
PLC-g-A
PLC-g-B

379 25722.083
39.7 22450414
266 3822383
294 2079.810
107.2 4344473
1373 12187.238

S/N
4653

4469 =

612
191

49
345




Shifting from Manual WB to automatized Size
separation (Simple Western)

Load Matrix

Separation Matrix

Load Sample

Immobilize

Immunoprobe
Y Target Protein
Prnimasy Ab

Quantitate
Signal

Detection of CSF 14-3-3 Protein in Sporadic Creutzfeldt-Jakob
Disease Patients Using a New Automated Capillary DOI 10.1007/512035-017-0607-2
Western Assay

Mol Meurohiol

Received: 14 March 2017 /Accepted: & May 2017

A. Fourier™ () « A. ]Z'.lllrfgrl"Ji + A. Perret-Liaudet™** « I. Quadrio I . . ) L
) C) Spninger Science+Busness Media New York 2017
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Raw data
obtained from SW

e

a@Visual separation size

non-CJD (n = 191)
Demography
Gender, M/F 31/46 96/95
Age. years 71.0(52.4-86.7) 72.0 (54.1-86.0)
CSF samples
Total proteins, g/L

Sprotein  *** His-Tag recombinant 14-3-3 protein

Automated capillary Western results
Area 14-3-3 7259 (1723-26744) * 411 (0-2040)
Height 14-3-3 512 (99-1977) * 32 (0-199)
S/N 14-3-3 13.2(2.8-40.0) * 29(1.1-7.3)
Areas Ratio 872 (195-3149) * 60 (0-234)

P1433 Specificity is increased from 85% with Western blot to 95%

. with simple western
&
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Significant Improvement of both repeatibility
and intermediate fidelity CVs

SW assay

WBassay ) eal433  Areas Ratio

Intra-assay variability (n = 3 repeats)
Positive CSF QC1 (strong 14-3-3 band)
Positive CSF QC2 (famnt 14-3-3 band)

Inter-assay variabilitv (n = 20 repeats)
Positive CSF QC1 (strong 14-3-3 band)
Positive CSF QC2 (famnt 14-3-3 band)
Table 3: SW and WB vanability analyzing 2 CSF positive quality controls
(QC1 wath a strong 14-3-3 protem band and QC2 with a famnt 14-3-3 protein band using WB)



Influence of hemoglobin and proteinorachia is confirmed

Hemaolvsis

Neat C5F (lumpad)
Likely-vizible hemolyvzis (hemoglobm 018 1)
Sironehy-vizible bemolva: (hemoziobm 1 41 = 1)
Total protaim conceniraoon
MNeat CSF (043 g1
Protein-spiked CSE (= L fimal
Protein-spiked T5F | 1 -=rL amal)
Protein-spiked CSF (2.5 g/L final)
Protemn-spiked C5F (4 =L fimal) I
Table 3: C5F hemolvsis and protein spikine assays
*Posiitve 14-3-3 protemn resuli if Arsas Fano = 133, hesaove 12-3-3 protemn resalt 1f Arsas Fabe < 13
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Shifting from manual ELISA to others platforms

|
g

--------

Semi-automated ELISA

Random Access platforms




Semi-automated ELISA versus manual ELISA

Repeatability

5.9% 3.9-6.1%
Fujirebio IBL '

2.9-3.3% 3.4-4.3%
Fujirebio IBL

Significant decrease of repeatability CV




Solutions found by collaboration between

academics and company (JPND)
Consortium BIOMARKAPD , JPND

Before : Lygphlllsed Calibrants to be diluted
~ RT(18-26°C)

Optimization of SOPs

Ready to use Calibrants
Temperature fixed at 25+0,5°C

Effect on intermediate Fidelity

Performance AB42 Grey zone 700
Fujirebio ng/L

Semi-automated ELISA
old ref Fujirebio (2014) 10.2-10.3% 630-770 -I

Semi-automated ELISA new ref
Fujirebio (2015) g 660-740
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Improvement of prec
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Improvement of precision

External Quality Assessment Program:
--> Comparaison intercentres 2011-2017,

Round: 2017:23B Mean: 138 pg/mL
Result: 689 pg/mL SD: 120 pg/mL

Method: INNOTEST V. 16.2%

Values in current sample

Values bn current samphe
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*CV around 30% in 2011 = 15% in 2017




Fully automatized Plateforms

Electrochemiluminescence

CSF AB42

1.2 -4.6%

1.1-3.9% 1.2 - 3.7%

1.9 - 4%




ELISA Manual testing VErsus random access (internal data of
Euroimmun presented in AD/PD)
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Wo 0 300 400 0 BO0 SO0 P00 o 2000 4000 G000 BOOD 10000 12000 14000
ELISA Beta-Amyloid 1-42 [pg/mi] ELISA Beta-Amyloid 1-40 [pg/mi]

New automated chemiluminescence immunoassays for
CSF beta-amyloid determination

V. Herbst, B. Brix, and M. Block

Be-tﬂ,nm"flnid "| .42 E'Etﬂfﬂm"'lﬂid 1'4.“ Institute for Experimental Immunology, affiliated to EUROIMMUN AG, Luebeck, Germany
Sample
[pg/mi] CV [%] [pg/ml] CV [%]
B N T TR B FE| Poster presented at AD/PD, Wien, May 2017
Calibrators
| 30 | 85 | 35 | 10301 | 49 |
controls |30 | 170 | a5 | 192 | 44 |
e T30 | eso [ ar | 13ss
oc1 | 9 | wme | 77 | 31 | 15 |
ac2 | 9 | 143 | 45 | 802 | 34 |
oc3 | 9 | 21 | 96 | 1430

oca | 9 | a9 | 30 | 3239 | 46 |
acs | 9 | a4 | 64 | 5437 | 29 |
jace | 9 | 520 | 25 [ 7003 | @31 |
jocz | 9 | &3 | 45 [ 13853 | 67 |

Determination of inter-assay precision (triplicates)

AB42 - Median CV : 4.5%
AB40 - Median CV : 3,1%
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Conclusion : analytical aspects

e The analytical standardization Is running:
e Standardization of SOPs, Ready to use calibrators....
e Semi-automatization ...
-> Precision was improved
e Full Random Access
e RPM + CRM (for Ab42, Ab40...)

-> Analytical Accuracy and Precision will be
Improved



Preanalytical aspects : not finished !
e Main problems seemed to be over

e Plastic of sampling and storage tubes

e |n fact, with the very promising results in repeatability CV obtained
with full random acess

- Some points need to be revisited ...

Quality
Improvement

Wikimedia Commons, the free media repository



Preanalytical aspects revisited with Full random

access machine

Our Storage tube not tested by the company

- alternatively manual transfer to Hitachi cupule

0.7%-1%

0.4% -0.6 %

0.4% -0.6 %

0.1% -1.6 % -

- AsSays in Lyon, Sep 2017

CSF Ap42




A. Perret-Liaudet et al. / Alzheimer’'s Disease Biological Misdiagnosis
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‘Between tubes, 10 to 15 % Difference of mean of p-Tau :

-->need to be revisited with machine at 1-2% repetability CV
Significativity at 2.8 x CV
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