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Abstract

Objectives: In clinical pratice, tau protein measurement
generally relies on immunoassays (IAs), whose major
drawback is the lack of results comparability due to differ-
ences in selectivity and/or calibration. This underlines the
importance of establishing a traceability chain for total tau
(t-tau) measurements. The objective of this work is to
develop a higher order candidate reference measurement
procedure (RMP) for the absolute quantification of t-tau in
cerebrospinal fluid (CSF).
Methods: To calibrate the candidate RMP and establish
metrological traceability to the SI units, a primary calibrator
consisting in a highly purified recombinant protein was
sourced. Its purity was evaluated by liquid chromatography
coupled with high resolution mass spectrometry (LC-HRMS)
and the protein mass fraction in solution was certified by
amino acid analysis (AAA). An isotopically-labelled homo-
logue was obtained to develop a candidate RMP by isotope
dilution mass spectrometry (IDMS) for t-tau absolute quan-
tification in CSF. Calibration blends and quality control (QC)
materials were gravimetrically prepared and subjected to
the same preparation workflow as CSF samples, followed by

LC-HRMS analysis in Parallel Reaction Monitoring (PRM)
mode.
Results: A primary calibrator has been developed and an
IDMS candidate RMP has been validated for CSF t-tau. The
candidate RMP was used to certify t-tau concentration in
three pools of CSF (low, medium, high).
Conclusions: The candidate RMPwill pave the road towards
global standardization of CSF t-tau measurements. Together
with commutable Certified Reference Materials (CRMs), it
will allow evaluating and improving the accuracy and
comparability of results provided by IAs.

Keywords: CSF; ID LC-MS/MS; neurodegenerative diseases;
reference method; SI-traceability; t-tau.

Introduction

Early and accurate diagnosis of neurodegeneration relies on
different techniques, including cognitive tests, imaging and
biomarkers measurement. However, the coexistence of
coincidental symptoms for different neurodegenerative
diseases makes the differential diagnosis challenging.

Tau is a soluble protein involved in the stabilization of
microtubules and identified as the major constituent of
neurofibrillary tangles, thus representing the main hall-
mark of a collection of neurodegenerative disorders also
known as “tauopathies” [1], the most common of that being
Alzheimer’s disease (AD).

t-Tau and phosphorylated-tau (p-tau) concentrations in
CSF are usually employed for patients’ diagnosis and
followup because they are correlated with disease progres-
sion. However, these two biomarkers can diverge in other
pathological states, making t-tau a less specific biomarker
for neuronal damage, whereas an increased level of p-tau
can be specifically associated to the formation of paired
helical filaments and thus to AD. Nevertheless, t-tau remains
a key biomarker to define neurodegenerative processes,
providing important information on the extent of the
cognitive decline and closely correlating to the symptoms.
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This is the reason why it has been included as a marker
of neurodegeneration/neuronal injury (N) in the AT(N)
biomarker system (A=amyloid deposition, T=pathologic tau,
N=neurodegeneration), an unbiased framework established
by the National Institute on Aging-Alzheimer’s Association
(NIA-AA), to serve as recommendations for grouping bio-
markers and stratifying patients on the basis of biomarker
profiles [2]. In this context, Delmotte et al. pointed out the
importance of establishing cut-off value for t-tau since the
AT(N) diagnostic criteria are dependent on the assay used for
CSF fluid biomarker quantification and on the exact
thresholds previously established [3]. The need for harmo-
nization of CSF biomarkers in AD diagnosis was underlined
by several authors in a review of the pre-analytical pro-
tocols, where an important heterogeneity in the definition of
threshold values was reported for most of the AD markers
including t-tau [4]. Although p-tau is a more specific
biomarker in AD, t-tau remains an important biomarker of
neuronal injury that is used to establish correlations with
other neurodegenerative processes associated with demen-
tia. This includes prion diseases [5, 6], where affected
patients display a significant increase in CSF t-tau level that
makes it suitable as diagnostic and prognostic marker of the
Creutzfeldt-Jakob disease (CJD), often in combination with
other clinically relevant biomarkers, e.g. neurofilament light
chain [7].

In clinical practice, the measurement of t-tau and of the
other neurodegenerative diseases biomarkers relies on IAs
based on different antibodies, pre-analytical and analytical
workflows, often leading to large inter-laboratory differ-
ences [8]. Several authors underlined the need for CRMs to
reduce variability among different assays [9–11]. A source of
measurement variability lies in the high structural hetero-
geneity of tau protein, thereby leading to differences in the
selectivity of IAs [12].

Mass spectrometry plays an important role in the
development of reference measurement procedures for
value assignment of secondary CRMs that can be used to
harmonize measurement results through common calibra-
tion to internationally agreed standards. Several LC-MS
methods have been developed for the quantitation of CSF
t-tau, relying either on single reaction monitoring (SRM)
using triple quadrupole (TQ) equipments or PRM on HRMS
systems, and different sample preparation procedures
[13–18]. However, there is to date no protein-based primary
calibrator available nor any higher order RMP for t-tau
absolute quantification in CSF meeting the requirements of
the ISO 15193 standard [19]. Here, we developed a candidate
RMP by isotope dilution liquid chromatography-tandem
mass spectrometry (ID-LC-MS/MS), which is not intended to
be used as a clinical mass spectrometry proteomics method,

but as a RMP to standardize in vitro diagnostics (IVD) devices
via an unbroken traceability chain. The method exploits the
potential of PRM to detect a particular peptide to be used for
the quantification of t-tau in CSF by using a recombinant
protein as primary calibrator and its isotopically-labelled
homologue as internal standard. The uncertainty of the
method was evaluated on three CSF pools at different t-tau
concentrations that might be used as secondary CRMs to
harmonise results obtained with different analytical plat-
forms with the final aim of standardizing diagnostic cut-offs
for the different neurodegenerative diseases.

Materials and methods

Chemical and reagents

Ultra Performance liquid chromatography/mass spectrometry (UPLC/
MS) grade acetonitrile (AcN), methanol (MeOH), formic acid 99% (FA)
and trifluoroacetic acid (TFA) were from Biosolve (Dieuze, France).
Perchloric acid (PCA) was from Fluka (Buchs, Switzerland).

A batch of recombinant tau-441 (hereafter referred to as r-tau) and
a batch of its 13C and 15N labelled counterpart (r-tau*) were produced by
Promise Advanced Proteomics (Grenoble, France). Three pools of frozen
CSF were provided by the university hospital of Montpellier (LBPC-PPC,
France). Artificial CSF (aCSF) consisted in a human serum (ref. H4522)
from Sigma-Aldrich (Saint Quentin Fallavier, France) diluted 200 times
in deionized water obtained from a Milli-Q purification system (Milli-
pore, Guyancourt, France). During the sample preparation, Oasis® HLB
µElution Plates 30 µm (Waters, Saint-Quentin-en-Yvelines, France) and
trypsin gold (mass spectrometry grade) from Promega (Charbonnières-
les-Bains, France) were used.

For the amino acid quantification, CRMs from the National
Metrology Institute of Japan (NMIJ, Tsukuba, Japan) were used for
alanine (Ala), leucine (Leu), isoleucine (Ile), phenylalanine (Phe), valine
(Val) and proline (Pro) (CRM6011-a, 6012-a, 6013-a, 6014-a, 6015-a, 6016-a).
Their isotopically labelled counterparts were purchased from Cam-
bridge Isotope Laboratories (Mass., USA). An amino acid solution (NIST
SRM 2389a) from the National Institute of Standards and Technology
(NIST, Md., USA) was used as a QC. Hydrolysis was performed by using
6N hydrochloric acid (HCl) from Sigma-Aldrich (Saint Quentin Fallavier,
France).

Characterisation of the primary calibrator

The r-tauprimary calibratorwaspurifiedbypreparativehighperformance
liquid chromatography (HPLC) using three orthogonal techniques: ion ex-
change, reverse-phase, and size-exclusion chromatography. Purity of the
primary calibrator was then characterized by LC-HRMS on an Orbitrap
QExactive Focus coupled to a Dionex UHPLC UltiMate® 3000 system
(Thermo Scientific, Courtaboeuf, France). LC buffers consisted of 0.1%FA in
water (A) and 0.1% FA in AcN (B). The LC-MS profile of 5 pmol of the intact
r-tau was obtained by using a BioBasic® 4 C-4 column (300 Å, 5 µm,
1 mm × 150 mm, Thermo Scientific) at 45 C with a LC gradient from 20 to
80% of B in 80 min at 50 μL/min. MS data were acquired at a resolution of
35,000. TheLC-MS systemwas controlled by theXCalibur software (Thermo
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Scientific) and data deconvolution was performed by using the Biopharma
Finder software (Thermo Scientific).

The protein mass fraction was determined by AAA as reported in
[20]. The mass fraction of the r-tau primary calibrator was certified by
computing the average results from all six samples from all six amino
acid results (Ala, Leu, Ile, Phe, Pro, Val). The uncertainty associated to the
amino acid mass fraction was calculated according to the guides to the
expression of uncertainty in measurement (GUM) approach [21] by
combining uncertainties associated with i) weighings performed on
gravimetrically spiked labelled amino acids in the sample solution,
ii) weighings performed on gravimetrically prepared calibrators,
iii) purity of the amino acid calibrators, iv) mass ratio derived from the
calibration regression model, and v) precision of measurement results
obtained from different hydrolysis replicates.

t-Tau Quantification in CSF by IA

The Lumipulse® G1200 instrument from Fujirebio (Tokyo, Japan) was
used to estimate t-tau concentration in pools of CSF. The Innotest
hTAU-Ag uses established monoclonal antibodies (AT120, HT7 and BT2)
targeting the mid domain of the protein thus allowing t-tau quantifi-
cation. Total tau cartridges, alongwith their calibrators and QC samples,
were used to quantify the three pools used in the present study.

t-Tau Quantification in CSF by LC-MS/MS

Preparation of the calibration blends: All the diluted solutions of r-tau
and r-tau* used to prepare the calibration blends were prepared freshly
in LoBind tubes (Eppendorf, Montesson, France) on the same day as the
samples. Five calibration mixtures were prepared by gravimetrically
spiking different amounts of r-tau ranging from ∼1.4 to ∼7.5 ng/g and a
constant amount of ∼3.2 ng/g of r-tau* in aCSF. The mass ratio between
r-tau and r-tau* ranged from ∼0.5 to ∼2.0. Blank samples spikedwith the
internal standard (r-tau*) have been analysed. Seven supplementary
solutions were prepared for the lower limit of quantification (LLOQ)
determination, all having a ratio r-tau/r-tau* ratio close to one but
decreasing concentrations of r-tau starting from the lowest calibration
point, as follows: 1.45, 1.0, 0.75, 0.5, 0.3, 0.1 and 0.05 ng/g.

Sample preparation: 500 µL of CSFwere gravimetrically spikedwith the
appropriate volume of r-tau* so as to reach a t-tau/r-tau* ratio close to
one. The amount of r-tau* added to perform exact matching isotope
dilutionwas based on an IA quantification performedbeforehandon the
CSF pools. The sample preparation was performed according to Bros
et al. [14], except there was no protein oxidation step. The digestion was
performed for 18 h at 37 C and 500 rpm on a Thermomixer C from
Eppendorf (Montesson, France). A time-course experiment was carried
out to determine the optimal digestion time. The digestion was stopped
with 5 µL of 10% FA solution before centrifugation and transfer to micro
vials with inserts in order to be analysed by LC-MS/MS.

LC-MS analysis: The analyses were performed on the same system used
for the characterization of the primary calibrator. LC separation was
carried out on an Acclaim® PepMap®100 C18 column (250× 1mm, 1.7 µm,
Thermo Scientific) heated at 60 °C. Mobile phases consisted in (A) 0.1%
FA in water and (B) 0.1% FA in MeOH. Elution was performed with a

linear gradient from 2 to 50% of solvent B in 40 min at 40 μL/min. The
column was then washed with 90% B for 4 min at 100 μL/min before
being re-equilibrated during 14 min with 2% B. MS detection was per-
formedwith an electrospray (ESI) source in positivemodewith a 4.20 kV
spray voltage and a capillary temperature of 250 C. The analyses were
run in PRM mode, with a resolution of 35,000 and an isolation window
of 1.5 m/z. Eleven peptides were monitored (see the list of peptides and
transitions in the Table S1 of the Supplementary Material), and
the collision energy was optimized for each peptide. Only the peptide
156–163 (GAAPPGQK) was used as a quantifier, with three transitions
summed: 526.2984+ (y5); 299.1714++ (y6) and 263.6528++ (y5).

Data treatment was performed by Skyline (version 20.1.0.31).

Method validation: The analytical performance for t-tau quantification
in CSF using a protein-based calibration approach was validated on
matrix-matched materials according to the Food and Drug Adminis-
tration (FDA) and the European Medicines Agency (EMA) guidelines
[22, 23]. The criteria for method validation include linearity, selectivity,
trueness, precision, autosampler stability, LLOQ, and carryover.

Measurement equation and uncertainty estimation: A 5-point linear
calibration model was constructed by plotting the ratio between the
amounts of substance of r-tau and r-tau* of the calibration blends
(Qcalibrator, obtained from weighing) to the ratio between the peak areas
of the peptide 156–163 (GAAPPGQK) and its labelled counterpart
(GAAPPGQK*) (Rcalibrator). The measurement equation and uncertainty
estimation are developed in the Document S1 of the Supplementary
Material.

Results

The development of the candidate RMP for t-tau quantifi-
cation in CSF was designed to ensure results traceability to
the SI units through the use of a high quality protein primary
calibrator and IDMS. The method was validated by using fit
for purpose QC samples, consisting in the primary calibrator
spiked in aCSF, as well as three CSF pool samples to be used
as secondary CRMs.

Characterization and quantification of tau
primary calibrator

An SI-traceable primary calibrator, consisting in a protein-
based reference material corresponding to the recombinant
form of tau-441 (the longest sequence for tau protein), was
developed. An aliquot of the stock solution was analysed by
LC-MS to assess the purity of the candidate primary cali-
brator and to evaluate the necessity for correcting the mass
fraction obtained by AAA [24]. The total ion chromatogram
(TIC) is presented in Figure 1A with the MS spectrum cor-
responding to the main chromatographic peak at 23.07 min
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in Figure 1B. The deconvoluted MS signal fits to an average
mass of 45,718.14 Da, that can be attributed to the sequence of
tau-441 lacking the n-terminal methionine (theoretical mass:
45,718.39) with a final Δmass of −5.5 ppm (Figure 1C). Nomajor
impurity could be detected.

The protein content of the stock solution was
SI-traceable quantified by gas-phase AAA. The results for
each of the six stable amino acids are shown in Figure 2. A
mass fraction of 232.1 ± 9.9 μg/g (k=2) was certified for the
stock solution of r-tau.

Quantification of t-tau in CSF

r-Tau was used as primary calibrator to quantify t-tau in CSF
by using a bottom-up approach (Figure 3). A digestion time of
18 h was selected after a time-course analysis (see Figure S1,
Supplementary material). The use of r-tau* as an internal
standard allowed the accurate determination of t-tau
concentration in CSF by determining the ratio between the
GAAPPGQK peptide and its labelled counterpart. The spiking
of the internal standard at the very beginning of the sample

Figure 1: Characterisation of the r-tau primary calibrator. (A) Total ion chromatogram (TIC) obtained by injecting 5 pmol of r-tau primary calibrator.
(B) Multi-charged mass spectrum corresponding to the peak at RT 23.3 min. (C) Deconvolution of the MS signal.
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preparation workflow allowed to minimise the variations
associated to the different steps of sample preparation, thus
compensating for incomplete digestion and material loss
[20]. Also, calibration blends and CSF samples were sub-
jected to the same preparation.

t-tau Quantification was based on the peptide 156–163,
whose identification was assured by PRM LC-MS/MS.
Figure 4A depicts the extracted ion chromatograms of the
unlabelled peptide 156–163 and its labelled form, showing
the coelution of the two peptides at 5.6 min. The figure also
shows the PRM MS/MS signal of the peptide (transition y5+,
y6++ and y5++) obtained by the digestion of the recombinant
protein spiked in aCSF (Figure 4B).

Method validation

Linearity

The regression model was linear over the range 1.4−7.5 ng/g
with a Pearson regression coefficient >0.9998 obtained on six

different calibration curves gravimetrically prepared on six
different weeks during the validation process. Figure 5
represents themean calibration curvewith error bars on the
Q value (corresponding to the ratio among the r-tau and
r-tau* obtained by gravimetry) and on the R value (area
ratios of the unlabelled and labelled peptide 156–163).

Selectivity and specificity

Selectivity and specificity were evaluated by the analysis of
blank samples (aCSF) spiked with the internal standard
(r-tau*): no signal for 156–163 peptide was detected at the
expected retention time by using the PRM-approach,
excluding the presence of potential interfering substances in
aCSF.

Carryover

No carryover was observed for 156–163 peptide in the blank
runs after calibrators, QCs and CSF samples.

Figure 2: Results from the quantification of the
r-tau stock solution by amino acids analysis.
Each point represents the concentration of
r-tau in µg/g calculated for each amino acid
(F, I, P, V, L, A), from six independent
experiments. Error bars correspond to
expanded uncertainties (k=2).

Figure 3: Sample preparation workflow for SI-traceable quantification of t-tau in CSF by an ID-LC-MS/MS method.
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Autosampler stability

One of the QC samples was injected twice 14 days apart to
evaluate the autosampler stability at +7 °C. The bias from the
initial concentration was <20%.

LLOQ

To determine the LLOQ of the method, seven solutions
having a ratio r-tau/r-tau* around one were prepared in
aCSF starting from the r-tau concentration of the lowest

Figure 4: PRM signal of the 156–163 peptide for t-tau quantification in CSF. (A) Extracted ion chromatogram obtained bymeasuring aCSF gravimetrically
spiked with r-tau and r-tau* and showing the co-elution of the two peptides. (B) Extracted ion chromatogram of the PRM signal of the peptide 156–163
showing the transitions used for t-tau quantification.
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calibration point (1.45 ng/g) down to 50 pg/g. The limit of
quantification was fixed at 0.5 ng/g in order to have the
peptide detected and quantified with a coefficient of varia-
tion among three individual injections <10%.

Trueness and precision

Trueness was estimated using two different approaches. The
first approach consisted in treating each calibration blend as
an unknown sample in order to determine the trueness of its
back-calculated concentration. The relative deviation be-
tween the value obtained from the gravimetric preparation
(theoretical value based on the AAA on the recombinant
protein) and the value obtained from the calibration curve
(experimental value) was determined for each calibration
blend. Themean bias for all five calibration blendswas under
4% (the acceptance criteria from the International Council for
Harmonisation of Technical Requirements for Pharmaceuti-
cals for Human Use (ICH) guidelines was fixed at 20% at the
LLOQ and 15% for the other levels). The results are shown in
Table S2 of the Supplementarymaterial. The second approach
consisted in evaluating recovery using six independent QC
samples prepared by spiking r-tau and r-tau* in aCSF with a
ratio r-tau/r-tau* close to 1. On the six samples, the recovery,
calculated as the concentration obtained with the calibration
curve on the concentration obtained by gravimetric dilution
×100, was of 98.7% in average (SD=3.3, n=6) with the inter-day
bias ranging between −6% and +2% of the experimentally
determined mean concentration.

The value of inter-day precision calculated as %CV of
the results obtained using the five calibration blends was
dependent on the concentration level and ranged from

1.1% for the first calibration point (7.4 ng/g) to 4.4% for the
last one (1.4 ng/g) (see Table S3, Supplementary Material
for details). For the six QC samples, it was 3.3%. Precision
was also evaluated on the three CSF pools intended to be
used as CRMs. The intra-day precision was 7.6% for
the low pool, 3.7% for the medium pool and 8.8% for the
high pool. The inter-day precision was estimated at
6.4% for the low pool, 3.3% for the medium pool and 5.1%
for the high pool.

Application to the measurement of CSF
samples

In order to assess the applicability of the RMP to CSF samples,
the developed method was applied to three pools of frozen
CSF corresponding to three different concentration ranges
(low, medium, high). The analysis were carried out in trip-
licates on three different weeks. Individual results are
illustrated in Supplementary Material (Table S3) while
Figure 6 compares the concentrations obtained by ID LC-MS/
MS and the concentrations measured by IA, pointing out
considerable differences among the twomethods. The ID-LC-
MS/MS method measures a concentration 9.3-fold higher for
the pool low, 6.7-fold higher for the poolmedium and 5.7-fold
higher for the pool high. An investigation was conducted to
identify the main sources of uncertainty of the RMP. As
illustrated in Figure 7A, precision represents an important
contribution in the uncertainty budget (∼20–50%). The most
important source of uncertainty was the uncertainty asso-
ciated with calibration blends preparation, which is in turn
due for around 70% to the determination of the concentra-
tion of the primary calibrator (Figure 7B).

Figure 5: Mean calibration curve obtained from
six independent sets of calibration blends. On
each point, the error bars show the variability
observed on Q and the area ratios during the
experiments.
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Discussion

For the first time, a higher order candidate RMP for the
SI-traceable quantification of t-tau in CSFwas developed and
validated through an ID LC-MS/MS approach and the use of a
SI-traceable primary calibrator fully characterized by AAA
and impurity profile. No major impurities justifying to cor-
rect the amino acids mass fraction were detected, and this
was confirmed by the agreement among the mass fraction
values obtained from different amino acids. However, the
presence of minor impurities difficult to detect due to the
complexity of intact protein MS spectra cannot be excluded,
but this was already taken into account in the final

uncertainty budget with the uncertainty between the results
from the different amino acids.

Figure S2 shows the full chromatogram of the 11 pep-
tides. Although all these peptides were monitored by the
LC-MS method, only the 156–163 peptide (GAAPPGQK) was
used for t-tau quantification. It is quite unusual for a large
protein to be quantified by only one peptide but in this case,
the choice was justified by the fact that this peptide is not
subjected to post-translational modifications [14, 15] and
gives a linear calibration curve (Figure S3, Supplementary
Material). Moreover, this peptide is the only one exhibiting a
comparable PRM signal for the endogenous peptide obtained
from CSF digestion and the peptide obtained by r-tau

Figure 6: t-Tau concentration of the three CSF
pools determined by using the ID LC-MS/MS
(column chart) compared to the concentra-
tions determined by immunoassay (dots).
Expanded uncertainty is represented by error
bars.

Figure 7: (A) Uncertainty breakdown on the three CSF pools. (B) Breakdown of the standard preparation component.
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digestion (Figure S4, Supplementary Material), confirming
the unsuitable behaviour of other peptides in quantifying
CSF endogenous t-tau. The use of a PRM approach allowed to
get rid of the presence of interfering compounds thanks to
the specificity of the chosen transitions for the quantifier
and its labelled form and to the coelution of the endogenous
peptide and the internal standard.

The RMP was validated with a LLOQ of 0.5 ng/g, which
is in agreement with [16] and covers t-tau concentration in
the CSF of healthy donors (data not shown). Recovery
studies carried out to evaluate the performance of the
analytical method allowed the detection of occasional
instability problems on the standard solutions. They were
solved by modifying the sample preparation workflow by
preparing all the calibration, QC and sample materials on
the same day. The ID-LC-MS/MSmethod gave higher results
than IA for all CSF samples. This result is in agreement with
other studies [13, 14], showing a good correlation between
IA and LC-MS methods, but higher concentrations for the
latter. That can be explained by a calibration bias and/or
poor antibody affinity in IA. These discrepancies could be
due to the use of different materials in the calibration of
IAs (not SI-traceable). In addition to this, very often, the
calibration material for IAs is constituted by peptide epi-
topes, whereas here we have developed a method using
protein material, which better mimics the behaviour of the
endogenous protein. Another reason for the different af-
finity could be ascribed to the involvement of structural
aspects in the binding in a way that only particular con-
formers could be able to bind to the antibodies. Our
antibody-free method is not influenced by structural as-
pects and gives a more realistic value for t-tau content in
CSF. The discrepancies between IAs and the RMP could be
solved by performing a virtual recalibration of IVD kits
with SI-traceable certified reference materials (CRMs).
For all the samples, relative expanded uncertainty (k=2)
was under 10% (Table S3, Supplementary Material). Given
the size of tau protein and the low concentrations in CSF,
this can be considered suitable for the value assignment
of candidate CRMs to be used for the evaluation of the
accuracy of commercial IA. As seen in the Results section,
the uncertainty is mostly due to precision and to the
determination of the concentration of the primary cali-
brator. Measurement uncertainties could thus be reduced
by increasing the number of replicate analysis on the CSF
and the number of hydrolysis replicates in amino acid
analysis. Recently, alternative approaches have also
shown great potential for the value assignment of primary
calibrators for tau protein [25]. However, it is worth-noting
that whatever approach is used, impurity identification
and quantification remain the main challenge in the

characterisation of a primary calibrator for such a large
protein. In this regard, the application of the top-down
approaches to the analysis of the intact protein calibrator
would be beneficial and could potentially result in the
identification of impurities whose contribution should be
corrected. This may improve the agreement between the
different amino acids and reduce uncertainties associated
with the concentration of the primary calibrator.

In conclusion, the establishment of a traceability chain
for t-tau quantification will allow improving the lack of
harmonization between different IA, through the develop-
ment of CRMs and RMPs. This candidate RMPwill support the
activities of the International Federation of Clinical Chemistry
and Laboratory Medicine working group on CSF proteins
(IFCC WG-CSF) and especially evaluate the feasibility for
standardizing t-tau IAs. In collaboration with reference lab-
oratories taking part in IFCCWG-CSF, the candidate reference
method will be used to certify t‐tau concentration in matrix-
based CRMs with which all t‐tau IAs will be recalibrated. A
prerequisite to ensure that these materials can be used as
secondary calibrators will be to evaluate their commutability
to ensure that they mimic real patients’ samples.
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