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Abstract
Plasma amyloid-β (Aβ) level could be useful as a non-invasive biomarker in Alzheimer’s disease
research. We compared a multiplex electrochemiluminescence detection method with a well
established ELISA method for plasma Aβ quantification. Compared to the ELISA method, the
electrochemiluminescence detection method demonstrates a statistically significant, but modest
correlation. The reasons for this may include the differences in the affinities of antibodies, and
purity and source of Aβ peptides used as standards. However, the advantages of
electrochemiluminescence detection technology include short processing time and small sample
volume. This comparison demonstrates the need for a further study in optimizing this system.
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INTRODUCTION
Since many potential treatments for Alzheimer’s disease (AD) are being developed, much
effort has been dedicated to identifying biomarkers that would be useful for clinical
investigation. One of the biomarkers that has received much attention is amyloid-β (Aβ)
peptide. Aβ peptides are derived from β- and γ-secretase cleavages of the amyloid-β protein
precursor and are the major structural components of the amyloid plaques, which are a
hallmark of AD [1]. Although many cross-sectional studies have not shown significant
differences in plasma Aβ levels of AD subjects compared to controls [2], a few studies have
shown that plasma Aβ42 levels may be associated with disease state or prognosis. For
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example, plasma Aβ42 was elevated in the extended family members of subjects with
sporadic AD (sAD) [3], and longitudinal studies have shown changes in plasma Aβ42 levels
and Aβ42/Aβ40 ratios in those who go on to develop sAD [4,5]. Therefore, it is important to
examine the utility of plasma Aβ as a biomarker for AD that might be more widely
applicable than more invasive and expensive cerebrospinal fluid (CSF)-based or brain
imaging biomarkers. Although Enzyme-Linked Immunosorbent Assay (ELISA) has been
the standard for measuring biomarkers in the past [6], new technologies that allow
simultaneous analyses of multiple biomarkers have emerged. Flow cytometric multiplex
assays, also known as bead-based multiplex assays, have been previously investigated in
plasma Aβ quantification [7–9]. In these assays, Aβ peptides are bound to the capture
antibodies coupled to the beads and detected with biotinylated antibodies. A different
multiplex assay which employs electrochemiluminescence method is more similar to the
traditional ELISA. In this plate-based method, specific capture antibodies that are coated on
discrete target areas in a well within a microplate bind to the protein of interest. Bound
protein is detected by a second antibody that is conjugated to a label that emits light when it
is excited by the electricity from carbon-coated electrodes interwoven in the base of the
plate [10]. Similar to the flow cytometric multiplex assay, this method allows high
throughput analyses of different markers of interests. The aim of this study was to compare
this new method to a well-validated ELISA method [4,11] using the same pool of plasma
samples.

Plasma samples from patients with mild to moderate AD (n = 33), amnestic mild cognitive
impairment (aMCI; n = 27), and cognitively normal controls (n = 29) were collected from a
consecutive series of Johns Hopkins Alzheimer’s Disease Research Center (JHADRC)
participants between 2006 and 2009. Annual cognitive diagnoses for JHADRC participants
are derived from consensus conferences based on review of history, examination, and
neuropsychological testing. Diagnosis of probable AD was based on NINCDS-ADRDA
criteria [12]. Participants with aMCI met Petersen criteria [13] and also had a Clinical
Dementia Rating (CDR) = 0.5 and Mini-Mental Status Exam (MMSE) score ≥ 24.
Cognitively normal controls were age-matched participants with CDR of 0.0, MMSE > 28,
and with no reported memory impairments by history. All participants gave informed
consent, which was approved by the Johns Hopkins Institutional Review Board.

All blood draw and processing followed established JHADRC protocols using standard
venipuncture procedures. Blood was collected in EDTA polypropylene tubes for plasma,
centrifuged at 3000 rpm for 15 min at 4°C, and immediately divided into 0.5 ml aliquots and
later stored in −80°C freezers until analysis. Previously unthawed aliquots from the same
collection time points were analyzed by the two methods.

ELISA Aβ40 and Aβ42 levels were measured in plasma using a combination of mouse
monoclonal antibody 6E10 (specific to an epitope present on 3–11 amino acid residues of
Aβ) as capture antibody and rabbit polyclonal antibodies specific for Aβ40 and Aβ42 as
detection antibodies in a double-antibody sandwich ELISA as described previously [11].
MSD electrochemiluminescence assay (Meso Scale Discovery, Gaithersburg, MD) was
performed according to the manufacturer’s specifications. Briefly, Multi-Spot® Triplex 96
well plates precoated with anti-Aβ38, Aβ40, and Aβ42 antibodies were incubated with 1%
Blocker A solution for 1 h. After the plates were washed with 1X Tris buffer, 25 μl of
SULFO-TAG 6E10 detection antibody solution was added with 25 μl of calibrators
(standards) and plasma samples for 2 h. After the plates were washed with 1XTris buffer,
150 μl 2XMSD Read Buffer T was added to the plates and read immediately on the Meso
Scale Discovery (MSD) Sector Imager 2400 at (620 nm). ELISA and
electrochemiluminescence assays were independently performed on 2 separate plasma
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aliquots from the same collection time point. Each sample was analyzed in duplicates and
then averaged for a mean value. Aβ40 and Aβ42 values are reported in this article.

Inter-assay coefficients of variation (CV) for each Aβ measure were calculated at multiple
concentrations. Spearman rank correlation coefficients were estimated to compare the
Aβ40/42 values and Aβ42/40 ratio from the different assays. The level of significance was a
priori defined as p < 0.05. Bland-Altman curves were constructed for comparison of MSD
and ELISA assays [14]. Statistical analyses were conducted using STATA Version 9.0
(StataCorp, College Station, TX).

Absolute concentrations of Aβ peptides varied considerably between the ELISA and the
MSD electrochemiluminescence assays. Correlations between the two methods were
modest, albeit statistically significant. The correlation coefficient for plasma Aβ40 values
was r = 0.56 (p < 0.0001), for Aβ42 r = 0.32 (p = 0.003), and for Aβ42/40 ratio r = 0.29 (p =
0.005) (Fig. 1). Bland-Altman analyses for Aβ40 and Aβ42 showed that approximately 95%
of the measurements fell within 2 SDs of the mean difference. However, the differences
within the mean difference ± 2 SDs were large for all measures; thus, the measurements
from the two methods are likely not directly interchangeable (data not shown). Interassay
CVs for Aβ40 and Aβ42 were 5.1 and 0.9% respectively for the MSD
electrochemiluminescence assay, and 10 and 14.2% for the ELISA. There was much wider
dynamic range in the measurements of Aβ levels in the MSD electrochemiluminescence
assay compared to the ELISA. The ELISA Aβ40 levels ranged from 29.6 to 213 pg/ml
compared to the MSD electrochemiluminescence assay values of 74.9 to 5344.4 pg/ml.
Similarly, Aβ42 values ranged from 9.5 to 219 pg/ml on the ELISA, and 10 to 3000 pg/ml on
the MSD electrochemiluminescence assay. Mean levels of plasma Aβ40 did not differ by
diagnostic group using either ELISA (NC = 120.8 [29.8], MCI = 129.3 [33.4], AD = 127.8
[28.8], F[2,85] = 0.64, p = 0.532) or MSD electrochemiluminescence assays (NC = 521.7
[602.9], MCI = 444.1 [384.5], AD = 556.1 [893.9], F[2,86] = 0.24, p = 0.786). Similarly,
plasma Aβ42 levels also did not differ by group using ELISA (NC = 24.2 [34.3], MCI = 17.5
[9.9], AD = 20.5 [24.2], F[2,86] = 0.50, p = 0.611) or MSD electrochemiluminescence
assays (NC = 379.6 [746.2], MCI = 181.0 [568.7], AD = 270.7 [597.0], F[2,86] = 0.66, p =
0.519). MSD electrochemiluminescence assay was also compared with the ELISA in terms
of the sample volume used, time and cost in processing plasma Aβ (Table 1).

Recently, different multiplex assays have emerged in AD biomarker research. They offer
several advantages over traditional ELISAs including markedly shortened processing time,
smaller sample volume requirements, and simultaneous processing of multiple biomarkers
[10]. Among its many applications, electrochemiluminescence detection method has been
used for quantification of Aβ levels in brain homogenates [15] and has been directly
compared to SDS-PAGE/immunoblot for quantification of CSF Aβ levels [16].

In biomarker studies, many variables may influence the outcome. These include differences
in the characteristics of the study population, as well as sample collection, processing, and
storage methods. In this study, previously unthawed plasma samples from a well-
characterized cohort of subjects whose plasma samples have been collected following a
standardized protocol were used for assays. We demonstrate here that an
electrochemiluminescence multiplex assay showed a large dynamic range in the detection of
Aβ40 and Aβ42 levels in plasma. It required significantly less volume of plasma and a short
processing time. However, absolute concentrations of Aβ peptides varied considerably when
compared to the more widely used ELISA assay.

In addition to the previously mentioned factors, additional factors may contribute to the
observed differences between the assays. One of the most important factors may be the
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differences in the mouse monoclonal or rabbit polyclonal antibodies that are used. Most
commercially available ELISAs use capture antibodies that recognize the amino (N)-
terminus of the Aβ peptide such as 6E10, as was in this study. In the MSD
electrochemiluminescence multiplex assay, the capture antibodies recognize the carboxyl-
terminus. As some of the Aβ species in AD brain are N-terminally truncated, this may create
some problems for ELISA assays with N-terminal capture antibodies [17,18], possibly
resulting in overall lower amplification of the bound proteins. It has also been shown that
6E10, a common antibody used in Aβ-specific ELISA assays, binds fulllength amyloid-β
protein precursor, which could potentially interfere with the ability of 6E10 to sensitively
detect Aβ species in plasma [19]. Additional factors may be differences in the affinity of the
capture and detection antibodies, purity of the standards that are used as calibrators, as well
as the temperature of the experiment, diluents buffer and other reagents that are used in each
assay. There is also concern of cross-reactivity with different capture antibodies in a
multiplex assay, however most commercial assays have been designed to minimize artifacts
from multiplexing [5].

This study, to our knowledge, is the first study to directly compare a well established
conventional ELISA to the MSD electrochemiluminescence multiplex assay for plasma Aβ
quantification. While the correlation was modest, variability may be reduced by using
identical antibodies as well as using similar reagents in each experiment. Currently, its uses
are limited due to the considerable start up cost in acquiring the equipment, however, due to
the significant advantages of the multiplex systems, they will most likely become more
widely used in the academic and commercial laboratories in the future [6].
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Fig. 1.
Correlation between ELISA and MSD electrochemiluminescence assays of plasma (A)
Aβ40, (B) Aβ42, and (C) Aβ42/40 ratio. Spearman rank correlation coefficients (A) Aβ40 r =
0.56, p < 0.0001; Aβ42 r = 0.32, p = 0.003; Aβ42/40 ratio r = 0.29, p = 0.005.
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