Clin Chem Lab Med 2022; 60(2): 198-206

DE GRUYTER

Lauren M. Forgrave, ). Grace van der Gugten, Quyen Nguyen and Mari L. DeMarco*

Establishing pre-analytical requirements and
maximizing peptide recovery in the analytical
phase for mass spectrometric quantification of
amyloid-3 peptides 1-42 and 1-40 in CSF

https://doi.org/10.1515/cclm-2021-0549
Received May 7, 2021; accepted November 16, 2021;
published online December 7, 2021

Abstract

Objectives: Amyloid-f (AB) peptides in cerebrospinal fluid
(CSF), including A42 (residues 1-42) and AB4O0 (residues
1-40), are utilized as biomarkers in the diagnostic workup
of Alzheimer’s disease. Careful consideration has been
given to the pre-analytical and analytical factors associ-
ated with measurement of these peptides via immunoas-
says; however, far less information is available for mass
spectrometric methods. As such, we performed a compre-
hensive evaluation of pre-analytical and analytical factors
specific to AB quantification using mass spectrometry.
Methods: Using our quantitative mass spectrometry assay
for AP42 and AP40 in CSF, we investigated the potential for
interference from hemolysate, bilirubin, lipids, and anti-
AB-antibodies. We also optimized the composition of the
calibrator surrogate matrix and A recovery during and
after solid phase extraction (SPE).

Results: There was no interreference observed with total
protein up to 12 g/L, hemolysate up to 10% (v/v), bilirubin
up to 0.5% (v/v), intralipid up to 1% (v/v), or anti-AB-an-
tibodies at expected therapeutic concentrations. For
hemolysate, bilirubin and lipids, visual CSF contamina-
tion thresholds were established. In the analytical phase,
AP recovery was increased by ~50% via SPE solvent
modifications and by over 150% via modification of the
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SPE collection plate, which also extended analyte stability
in the autosampler.

Conclusions: Attention to mass spectrometric-specific pre-
analytical and analytical considerations improved analyt-
ical sensitivity and reproducibility, as well as, established
CSF specimen acceptance and rejection criteria for use by
the clinical laboratory.

Keywords: Alzheimer’s disease; amyloid-f peptides;
biomarkers; mass spectrometry; pre-analytical phase;
therapeutics.

Introduction

Alzheimer’s disease (AD) is characterized by aggregation of
amyloid-p (AB) peptides and tau proteins in the brain.
Decades of research have demonstrated that the changes
occurring in the brain are reflected in the cerebrospinal
fluid (CSF) concentrations of specific AR and tau proteo-
forms [1, 2]. As a result, the antemortem diagnosis of AD has
evolved from a clinical diagnosis to a clinical-biochemical
model, where biomarkers, including the quantification of
CSF AP peptides and tau proteins, have been incorporated
into the research diagnostic framework for AD [3-5]. AB
peptides are generated by proteolytic cleavage of the
transmembrane amyloid precursor protein, leading to two
major AP peptide proteoforms: AB40 and AB42, spanning
residues 1-40 and 1-42, respectively. The concentration of
AB42 in CSF is decreased by approximately 50% in in-
dividuals with AD compared to healthy controls [6] and
thus is used as a marker of AP pathological changes
occurring in the brain [5]. On the other hand, AB40 con-
centration in CSF is not correlated with disease [7]; it is used
instead in a ratio with the AP42 concentration, possibly
controlling for basal production of AP peptides and
compensating for imprecision from the pre-analytical
phase.

Measurement of AP peptides in biofluids is notoriously
challenging from an accuracy and reproducibility stand-
point given the physiochemical properties of Ap, namely its
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hydrophobicity and amyloidogenicity [8]. Ap peptides are
prone to adhering to surfaces, like test tubes and pipet tips
[9], and have a propensity to spontaneously polymerize
[10]. Thus, special care to prevent adsorption and aggre-
gation of AP peptides must be taken during the pre-
analytical phase [9, 11-13], and, as we highlight herein, the
analytical phase of biomarker testing. The pre-analytical
phase of biomarker testing includes controllable variables
like individual preparation for testing (e.g., fasting) and
specimen collection protocols (e.g., tube type), as well as
uncontrollable variables like biological differences and
environmental factors. The analytical phase of biomarker
testing includes specimen processing (e.g., centrifugation,
solid phase extraction [SPE]), and analysis (e.g., immu-
nometric or mass spectrometric detection) [14].

For the quantification of AP peptides in CSF, pre-
analytical variables have been largely studied in the context
of sandwich immunoassay methods [7, 11, 12, 15, 16];
however, the implementation of mass spectrometric assays,
for both research and clinical care, brings with it different
potential sources of error. Examples specific to Ap mass
spectrometric assays include steps such as SPE recovery/
efficiency, propensity to aggregate in the SPE extraction
solvent, adsorption of the analyte to the SPE collection plate
and stability in the autosampler after extraction but prior to
analysis. For immunoassays, pre-analytical and analytical
considerations that have been shown to have a large impact
on the accuracy of AP quantification include plastics used
in the pre-analytical phase, additives (e.g., detergents),
centrifugation, storage temperature prior to processing,
sample volume during storage and over three freeze/thaw
cycles [17, 18]. For mass spectrometry, one study noted that
AB42 concentrations were reproducible (i.e., within 15%) for
CSF that had undergone up to four freeze-thaw cycles and
for extracted samples stored in the autosampler at 7 °C for
up to 36 h [19-21]. Also of consideration, and not yet char-
acterized for mass spectrometric methods for Ap42 and
AP40, are the solvents and plastics used in the analytical
phase (e.g., SPE elution conditions and collection plate),
temperature during sample processing, optimal protein
content in the surrogate matrix, and relevant endogenous
and exogenous interferents (e.g., antibody therapeutics,
hemolysate).

Interferents commonly studied during analytical method
validation include those from the sample matrix, thera-
peutic molecules, metabolites introduced by pathology,
and changes induced by sample storage [22]; those
generally evaluated for analytes in CSF include hemoly-
sate (from a traumatic lumbar puncture or leakage of the
blood brain barrier), bilirubin, and exogenous molecules
(e.g., therapeutics, supplements). For mass spectrometry,
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concerns related to the presence of hemolysate include the
potential for falsely elevated or decreased reported analyte
concentrations due to higher/lower concentration of the
analyte in blood, alteration of the matrix (e.g., by higher
concentrations of blood proteins and lipids) with the latter
potentially leading to ion suppression/enhancement in
the mass spectrometer, or altered macromolecular inter-
action in vitro. Also, the increased protein concentration
beyond the typical physiological range for CSF can lead to
unanticipated errors during the analytical phase including
incorrect reagent-to-analyte ratios, incorrect pH after sol-
vent additions, and saturation of chromatography media.
Although less commonly encountered than CSF with
hemolysate, CSF xanthochromia and hyperlipidemia also
require consideration [23-25]. In the context of AD, rele-
vant exogenous interferents include therapeutic mole-
cules such as anti-Ap monoclonal antibodies [26]. Anti-
AB-antibodies are known to interfere with quantification
in immunoassays [27], however, in the context of mass
spectrometry, such studies have not been reported in the
literature.

Herein we evaluated the effect of hemolysate, bilirubin,
lipids, total protein concentration, and anti-Ap-monoclonal
antibodies on the accuracy of AB42 and AB40 quantification
in CSF measured using our previously established high
performance liquid chromatography tandem mass spec-
trometry (HPLC-MS/MS) method [28]. Via these analyses,
we established visual CSF hemolysate, icterus, and lipemia
acceptance and rejection criteria for specimens submitted
to our clinical laboratory for measurement of AP42 and
AB40. Evaluation of the CSF total protein concentration was
also used to optimize the composition of the surrogate
matrix used for the assay calibrators. For the analytical
phase, we optimized the SPE solvent additions and plastics
used to (i) maximize peptide recovery, (ii) guard against
spontaneous aggregation/precipitation, and (iii) extend
analyte stability in the HPLC-MS/MS autosampler. Herein
we investigate both the pre-analytical and analytical con-
siderations for AB quantification; the outcomes provide
recommendations for sensitive and reproducible Ap quan-
tification in clinical practice.

Materials and methods
Material sources and equipment

This study was undertaken with research ethics approval from
Providence Health Care Research Institute (H18-03050) and complied
with all relevant national regulations, institutional policies and is in
accordance with the tenets of the Helsinki Declaration and its later
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amendments. CSF specimens were from lumbar punctures performed
at St. Paul’s Hospital in Vancouver, Canada, as part of routine care.
The materials and methodology for the HPLC-MS/MS method have
been previously described in detail [28]. Briefly, the workflow is as
follows: 200 pL of CSF was treated with guanidine HCI containing the
internal standard (IS) solution (composed of °N-AB40 and *N-AB42),
followed by SPE using a mixed-mode, strong cation-exchange,
reversed-phase (Waters Oasis MCX pElution) plate, with the eluate
analyzed by HPLC (Shimadzu HPLC, flow rate 0.35 mL/min, column
oven at 50 °C, using a C18 EVO analytical column [00D-4725-YO;
Phenomenex]) coupled to a triple quadrupole mass spectrometer
(SCIEX 5500 QTRAP) and analyzed using Analyst software (SCIEX
v.1.6). HPLC conditions were as follows: mobile phase A was 0.3%
NH,OH in water and mobile phase B was 25:75 IPA:ACN. The gradient
was: 1.0 min = 15% B; 5.0 min = 55% B; 5.5 min = 95% B; 8.9 min = 95%
B; 9.0 min = 15% B, with a total run time of 11.5 min [28]. Notably, the
method is calibrated to the International Federation of Clinical
Chemistry reference materials [28]. Additional materials and methods
used within this study are described below.

Surrogate matrix

A spike and recovery experiment was used to assess the effect of
protein content in the surrogate matrix (i.e., bovine serum albumin
(BSA) in phosphate-buffered saline (PBS) [28]) on the recovery and
quantification of AP peptides. Surrogate matrix solutions with varying
concentrations of BSA (0-20 g/L) were spiked with synthetic AB42 and
AB40 peptides at 100 and 1,000 ng/L, respectively, and analyzed in
triplicate.

SPE conditions and plastics

Various SPE conditions were tested with the goals of maximizing AB
recovery and reducing spontaneous aggregation/precipitation. CSF
was pooled and aliquoted for SPE testing. For all SPE methods tested
the same conditioning and sample loading conditions were used,
while the wash and elution buffers and volumes were varied (Table 1).
Conditions assayed were informed by two previous publications
[20, 21]. The eluate from the SPE was collected into a Nunc BSA-treated
96-well plate and placed in the autosampler for HPLC-MS/MS analysis.
Recovery was compared as a relative percentage between the methods.

Loss of AP peptides are known to occur in the collection and
aliquot tubes, but analyte loss can also occur in the analytical phase
as the sample comes in contact with surfaces like the SPE or eluate
collection plates. While the options for SPE plates are limited, we
examined changes in AP recovery that occurred when modifying the
collection plate. We used different collection plates and/or blocked
the plate by pre-treating with a 100 g/L BSA solution for 24 h, fol-
lowed by washing three times with PBS prior to use. We tested the
following polypropylene plates and pre-treatment strategy: Nunc
plates (with and without pre-treatment) [260251; Thermo Fisher,
Ottawa, Canada] and AntiBIND plates [02911700; Fisher Scientific,
Ottawa, Canada] without pre-treatment. To mimic the SPE eluate,
we added to the wells a 30% ACN and 1% NH,OH solution spiked
with AB42 (500 ng/L) and AB40 (5,000 ng/L) and compared peak
areas. AP stability post-SPE elution in the autosampler was inves-
tigated. Eluate solutions (as described above) in the Nunc plates
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Table 1: SPE workflows tested on the MCX micro-elution plate
including methods informed by the literature (Method A and Method
B with modifications), and the resultant optimized method
(Method Q).

Method A [20] Method B? Method C

Condition 1 200 pL MeOH

Condition 2 200 pL 4% H3PO,

Load 600 pL pre-treated sample

Wash 1 200 pL 4% H3PO,

Wash 2 200 pL 10% ACN 200 pL of 1% 200 pL 4% H3PO,

H3PO,

Elute 2x25pL 2 x50 pL 2x25pL

75:15:10 65:32.5:2.5 75:15:10

ACNZHzolNH4OH ACNZHzolNH4OH ACN.Hzo.NHAOH

®Method B was informed by Leinenbach et al. [21], which had a
different pre-treated sample loading volume (180 pL), elution buffer
constitution (75:22.5:2.5 ACN:H,0:NH,0H), and included drying
down the sample post-elution and reconstituting before HPLC-MS/MS
analysis, whereas the workflows we trialed avoided the additional
complications of dry-down/reconstitution steps prior to analysis.

(with and without pre-treatment) and the AntiBIND plates were left
in the autosampler at 4 °C for 0, 1.8, 3.6, 5.4, and 7.2 h prior to
analysis.

Interference studies: total protein, hemolysate,
bilirubin, lipids, and exogenous antibodies

Spike and recovery experiments were performed to assess potential
inference by elevated total protein concentration, hemolysate, uncon-
jugated bilirubin, and intralipid. Visual color and appearance thresh-
olds were set based on the sample with the highest concentration of the
interferent tested that were within +20% of the AB concentration prior to
spiking the potential interferent. All analyses were performed in tripli-
cate and using CSF pools. Percent bias was calculated relative to the
control containing a blank spike, except for the total protein and
endogenous hemolysate experiment (described below).

For the total protein assessment, two CSF pools were created: a
‘high’ pool from CSF with endogenously high total protein further
spiked with human ethylenediaminetetraacetic acid (EDTA) plasma to
a final total protein concentration of 12.6 g/L and a ‘low’ pool from CSF
with an undetectable total protein concentration (i.e., below the lower
limit of the analytical measuring range of 0.01 g/L of the immuno-
turbidimetric assay used (Siemens ADVIA 1800)). For each pool, the
endogenous AB42 and AB40 concentration was determined and syn-
thetic AP42and AB40 were spiked to a final concentration of 3,000 and
20,000 ng/L, respectively.

For hemolysate assessment, two different experiments were
performed: one by spiking whole blood hemolysate into a CSF pool
and measuring the endogenous AP42 and AB40 concentration, and
another where individual CSF samples with a range of visible hemo-
lysate were spiked with recombinant AB42 and AB40. For the former, a
CSF pool was spiked with hemolysate obtained from mechanical lysis
of a whole blood EDTA sample at the following percent relative to
CSF: 0, 1, 5, 10, 20, 30, 40 and 50% v/v. For the latter, four CSF
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specimens with various levels of visible physiological (not spiked)
hemolysis contamination were selected and compared to a sample
with no visual hemolysis. The Ap42 and AB40 concentrations were
analyzed after spiking with 1,000 ng/L of Ap42 and 15,000 ng/L of
AB40. Percent recovery of the spiked concentration of synthetic pep-
tides was calculated relative to the sample with no visible hemolysate
contamination. For assessment of icterus, bilirubin was spiked into a
CSF pool in concentrations ranging from O to 0.5% v/v. For assessment
of lipemia, intralipid was spiked into a CSF pool with concentrations
ranging from O to 1% v/v. Percent bias was calculated based on A
concentration relative to the control sample.

For assessment of exogenous antibodies, a CSF pool was spiked
with either an anti-AB-antibody (clone 4g8) [800704, BioLegend, San
Diego, USA] or intravenous immunoglobulin (IVIg) [Gammagard
Liquid, Lexington, USA] to a final concentration ranging from 50,000
to 600,000 ng/L, based on a realistic physiological concentrations of
therapeutic antibodies in CSF [29].

Data analysis

For pre-analytical interference studies, accuracy was assessed via the
analyte concentration (signal normalized by the IS), and analytical
sensitivity was additionally assessed by examining trends in the raw
signal (peak area). For analyte recovery in the analytical phase, AB
recovery was assessed based on relative signal (peak area). For matrix
interreference studies, Ap concentration within +20% of the expected
concentration was deemed to have no bias, based on the previously
established method precision [28]. The Mann-Whitney test was used
to compare peak areas, with a p-value less than 0.05 considered sta-
tistically significant.

Results
Surrogate matrix

The concentration of BSA in the surrogate matrix yielding
the highest recovery of AB42 and AB40 peptides was found
to be between 1 and 2 g/L (Figure 1), with no significant
differences between these concentrations (p=0.85).
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SPE A recovery

We tested three different SPE processes (Table 1). As a method
from the literature frequently resulted in precipitating eluate
solutions [21], we had modified the elution buffer ratios from
75% ACN to 65% (Method B in Table 1). In the development of
Method C, we adjusted the second wash to include 4% H3PO,,.
This resulted in a relative increase in peak area of 43% for
AB42 and 54% for AB40 compared to Method A, and 77%
for AB42 and 81% for AB40 compared to Method B (Figure 2).

Post-SPE AP absorption and stability

BSA pre-treatment of the Nunc 96-well plates had no effect
on AP absorption for samples processed immediately;
however, after 7 h, pre-treatment improved recovery by 14
and 22% for AB42 and AB40, respectively, compared to the
non-treated Nunc plate (Figure 3). Testing of the non-
treated AntiBIND plates compared to the Nunc plates (both
non-treated and pretreated), revealed a 150% increase in
AB42 and AB40 recovery for samples analyzed immediately
(Figure 3). From O to 7 h, there was a relative decrease in
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Figure 2: Optimization of the SPE conditions.
Average peak area of AB42 and AB40 relative to SPE method C,
displayed as mean (SD) of three technical replicates.
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Figure 1: Optimization of the surrogate CSF matrix composition for the external calibrators.
Average peak area of (A) AB42 and (B) AB40 for the surrogate matrix with increasing BSA concentrations from 0-20 g/L, displayed as mean

(SD) of three technical replicates.
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Figure 4: Total protein interference experiments.

Total protein (g/L)

(A) Average peak area of AB42 and AB40 in CSF with increasing total protein concentration, displayed as the mean (SD) of three technical

replicates and (B) percent recovery.

peak area for AP42 and AP4O0, respectively, for all plates
tested: non-treated Nunc: 58.2 and 52.5%; pretreated Nunc:
44.6 and 30.8%; and AntiBIND: 22.5 and 14.0% (Figure 3).

Interference studies

For assessment of the effect of total protein concentration
on the recovery of AP peptides, the peak areas for both
APB42 and AB40 showed a decreasing trend with increasing
total protein concentration over the range of 0.2-12 g/L
(Figure 4A). Quantification of AB42 and AB40 using inter-
nal standards, however, was not affected by total protein
concentration (Figure 4B).

Increasing amounts of hemolysate demonstrated a
decreasing trend in AP peak areas up to 30% spiked
hemolysate in the concentrations tested and was more
pronounced for AB42 compared to AB40, with a decrease in
peak area of 83 and 42%, respectively (Figure 5A). There
was, however, no effect on the accuracy of quantitation for
up to 10% hemolysate, corresponding to a dark pink CSF

sample unspun, or light pink after centrifugation
(Figure 5B). The visual color and appearance of the CSF
sample with 10% hemolysate was set as the preliminary
threshold for sample acceptance and further confirmed by
testing samples with endogenous hemolysate. Recovery of
spiked concentrations of AB42 and AB40 into a series of
samples with varying degrees of endogenous hemolysate
compared to a sample with no visual hemolysate contam-
ination demonstrated acceptable accuracy (Figure 5C).

In the matrix interference experiments for bilirubin,
intralipid and immunoglobulin, there were subtle effects on
raw signal intensity but no effects observed on quantification.
With increasing bilirubin and intralipid concentrations the
peak area for AB42 and AP40 showed an increasing trend,
with no significant effect on recovery at all concentrations
tested (Figure 6). Similarly, recovery was not affected in the
presence of IVIg or the anti-AB-antibody, and there were no
discernable trends in peak area changes by antibody con-
centration (Figure 7). In summary, there was no detectable
interference in AP42 and AB40 peptide quantification at the
concentrations of bilirubin, intralipid and antibodies tested.
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Figure 5: Hemolysate interference experiments.
(A) Average peak area for AB42 and AB40 in pooled CSF spiked with hemolysate, data displayed as mean (SD) of three technical replicates, and
(B) percent recovery. (C) Recovery of AB42 and AB40 spiked into CSF samples with endogenous visible hemolysate contamination.
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(A & C) Average peak area and (B & D) percent recovery for AB42 and AB40 in pooled CSF spiked with bilirubin (A & B) or intralipid (C & D). Peak
area displayed as the mean (SD) of three technical replicates.
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Discussion

Pre-analytical factors for the measurement of AB42 pep-
tides in CSF have been extensively studied in the context of
immunometric measurement. However, far less is known
about pre-analytic and analytical consideration relevant to
mass spectrometric methods, such as efficiency and ana-
lyte stability at specific stages of the analytical process. In
this study we focused on mass spectrometry-specific pre-
analytical and analytical considerations for quantification
of both AB42 and AB40 peptides using our previously
described HPLC-MS/MS method [28]. This included
composition of the surrogate calibrator matrix, SPE effi-
ciency, adsorption to plastics used in the analytical phase
and sample stability in the autosampler, as well as char-
acterization of potential matrix interferents including
development of visual color/clarity thresholds for CSF as
this is common practice for clinical testing of CSF analytes.

In an ideal scenario, external calibrators would be
generated by adding a known concentration of the analyte
to the same matrix as the test samples, however, when the
analyte of interest is an endogenous molecule and cannot
be easily depleted, a surrogate matrix is required. Such is
the case for measurement of endogenous AP peptides in
CSF by mass spectrometry. While common recipes for
artificial CSF may seem like a good surrogate, they gener-
ally contain only water and buffering ions. Such solutions
are not characteristic of lipid and protein-containing
human CSF, and have shown to, at least for small
molecule drugs, result in decreased analytical sensitivity
relative to human CSF or diluted plasma [30]. For quanti-
fication of AB42 and AB40, a comparison between artificial
CSF with and without supplementation with 5% v/v rat
plasma revealed improved sensitivity when using the
supplemented solution [20], and a subsequent study found
supplementation of artificial CSF with 4 g/L BSA was
preferred over the addition of 5% v/v rat plasma, based on
analyte recovery [19]. Herein we examined artificial CSF
supplemented with a range of BSA concentrations to assess
optimal surrogate matrix composition for quantification of
both AB42 and AP40; where we observed optimal recovery
of AB42 and AB40 in the range of 1-2 g/L of BSA. Given the
range of 0.2-0.8 g/L of total protein concentration for CSF
samples collected in a tertiary care setting excluding in-
dividuals with conditions known to alter the CSF protein
concentration [31], we set the surrogate matrix for our
calibrators to be 1 g/L of BSA in 1x PBS.

Absorption to plastics is a well appreciated source of
inaccuracy in AP measurements, however, it has only been
considered at the pre-analytical stage, including the type of

DE GRUYTER

plastic tubes used to collect or store CSF prior to analysis [17].
As an example of analytical phase considerations, SPE
extraction is a common analytical step in Ap mass spectro-
metric methods [20, 21, 28], but one not used in ligand
binding methods. For the SPE step we considered solvent
composition, quantity, and repetitions, as well as the plastic
composition and conditioning of the 96-well plate used to
collect the SPE eluate for mass spectrometric analysis. We
found use of a wash solution containing the highest con-
centration of phosphoric acid tested (4%) in combination
with two small volume (25 pL) elutions with 75:15:10 ACN:-
H,0:NH,OH, substantially increased recovery of both AB42
and AB40 peptides over the other combinations tested. Such
recovery is anticipated to contribute to increasing analyt-
ical sensitivity and precision at low analyte concentrations.
We also studied the SPE collection plate itself, trialing
different polypropylene plastics and blocking conditions.
We found that blocking a typical 96-well plate with BSA
prior to use, increased analyte recovery after prolonged
storage. Also using a special low-protein binding plate
(AntiBIND), increased analyte recovery without having to
incorporate a blocking step, both in terms of immediate
analysis of the eluate and after prolonged storage in the
autosampler. Such strategies, blocking or using a special-
ized collection plate, as with the SPE condition optimiza-
tion above, are helpful in increasing analytical sensitivity.
They were also found to extend analyte stability in the
autosampler, likely due to decreased rate of absorption to
the plastic wells. Should there be an unanticipated delay in
sample analysis post-extraction, or a run requires re-
injection, the ability to analyze samples after prolonged
storage in the autosampler avoids having to re-extract the
entire batch.

As part of the more routine method validation experi-
ments, we evaluated several potential sources of in-
terferences including CSF total protein, hemolysate, lipid,
bilirubin, and anti-AB-antibodies. Samples with total pro-
tein concentrations within and above the normal physio-
logical range were tested. We found peak area decreased
with increasing total protein concentration for both AB42
and AB40, possibly due to saturation of the SPE media;
however, accuracy was not affected. For hemolysis, we
tested contamination commonly seen in the clinical lab
(i.e., slightly pink CSF) to concentrations far in excess of
what is commonly seen. When considering hemolysate
contamination of CSF in the context of immunoassays,
generally the primary concern is that the increased con-
centration of hemoglobin will result in spectral interfer-
ence; however, for mass spectrometry, hemoglobin itself is
rarely the concern, but instead the gross shift in matrix
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composition in the presence of hemolysate (i.e., higher
total protein and lipid concentration). As such, we added
hemolysate and not hemoglobin in the first series of ex-
periments, whereby up to 10% v/v whole blood hemolysate
in CSF demonstrated no interference with AB42 or AB40
quantification. As the concentration of AB42 and AB40 in
blood is far lower than that in CSF, the increased signal
observed with increasing blood contamination is attrib-
uted to positive interference and not detection of A pep-
tides from peripheral sources. As further confirmation of
this finding, AP spike and recovery experiments using in-
dividual CSF samples that contained a range of visible
hemolysate after routine collection demonstrated no
interference, even when hemolysate visually exceeded the
10% threshold from the hemolysate-spiking experiment.
The color and appearance of the sample with 10% whole
blood hemolysate was set as a visual cut-off used by our
technologists. To round out common matrix interferents
we examined bilirubin and lipids, finding no interference
at physiological and supra-physiological concentrations.

In addition to potential endogenous interferents, plau-
sible exogenous interferents were evaluated. AD immuno-
therapies, specifically anti-AB-antibodies, have been
postulated to interfere with AB42 ligand binding methods
[27]; however, their impact on mass spectrometric mea-
surement has not been reported. As a surrogate for an anti-
AB-antibody therapeutic, we used a commercially available
anti-Ap monoclonal antibody whose epitope (AB residues
18-23) overlaps with that of crenuzumab [32]. Crenezumab is
a passive AD immunotherapy targeting multiple forms of A
[32], which is currently in phase three clinical trials [26, 29].
We also examined IVIg, a polyclonal source of human
immunoglobulins not specifically targeting Af, but also
previously trialed as an AD therapeutic [33]. Accuracy of
HPLC-MS/MS of AB42 and AP40 was not affected by the
presence of either exogenous antibody source. While we
only tested one anti-AB-antibody, it is anticipated that the
method is not generally susceptible to anti-analyte antibody
interference based on the methodology (e.g., strong dena-
turation step, fractionation, and direct detection of the
analytes of interest). Thus, the HPLC-MS/MS method can be
used not only in routine care, but also in clinical trials
involving anti-Ap-therapeutics.

Conclusions

Evaluation of pre-analytical and analytical challenges in
the context of HPLC-MS/MS improved method accuracy,
sensitivity, robustness, and stability for both AB42 and
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AB40 peptides, and enabled development of CSF color/
clarity acceptance/rejection criteria. To optimize analyte
recovery in the analytical phase, we recommend the use of
a polypropylene plate with either a low protein binding
designation or pre-treated with a BSA solution. For the SPE
step, significant gains were made by altering the compo-
sition and volume of the wash and elution steps. For the
surrogate matrix for the external calibrators, supplemen-
tation with BSA in the range of 1-2 g/L was found to be
optimal, where we ultimately used 1 g/L based on physi-
ological CSF total protein concentrations observed in the
intended population.
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