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Neurological Disorders

Using Immunomagnetic Reduction to Assay Reagent 
Stability of Biomarkers Associated with Alzheimer’s 
Disease 

Abstract
Plasma biomarker assays have become a trend for risk evaluation in Alzheimer’s disease. Several studies have been performed to explore their preclinical 
performance. However, there are very few studies on the storage stability of the reagents used in these assays. The determination of the storage stability of 
reagents is important because reagents may be stored for a few months prior to end use. In this work, the stability of the reagents used for assaying plasma 
amyloid β 1-40 (Aβ1-40), Aβ1-42 and total tau protein (Tau) was assessed using immunomagnetic reduction. Reagents immediately after synthesis and reagents in 
opened vials were used to assay the concentrations of Aβ1-40, Aβ1-42 and Tau in human plasma samples. The recovery rates of the concentrations of biomarkers at 
different times after synthesis of open vial were calculated to determine the period of stability of reagents. The results showed that the reagents stored at 2°C-8°C 
were stable for at least 52 weeks. The reagents in open vials were stable for at least six weeks. These stabilities indicate that the reagents used to assay plasma 
Aβ1-40, Aβ1-42 and Tau levels are verifiably qualified for clinical use.
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Introduction
Biofluid biomarker assays associated with Alzheimer’s disease (AD) 

have become common in risk evaluation [1-3]. As pathological hallmarks 
of Alzheimer’s disease, the quantitative detection of amyloid β 1-40 (Aβ1-

40), Aβ1-42 and total tau protein (Tau) in cerebrospinal fluid (CSF) has 
attracted the interest of researchers and neurologists. Many studies have 
validated that the levels of these CSF biomarkers significantly correlate 
with the clinical diagnosis of AD [4-9]. For example, the level of CSF Aβ1-42 
decreases in AD, and the level of CSF tau increases in AD compared with 
their levels in normal controls [10-12]. Additionally, the concentration ratio 
of CSF Aβ1-42 to Aβ1-40 shows good consistency with the standard uptake 
value ratio from positron emission tomography (PET) [13-15]. Although 
CSF biomarker assays have clinical significance, CSF sampling by lumbar 
puncture remains a significant burden in practice.

Successes in developing ultrasensitive technologies for immunoassays 
have enabled feasible assays for extremely low plasma concentrations 
of Aβ1-40, Aβ1-42 and Tau [16-19]. Relationships between CSF biomarkers 
and plasma biomarkers have been demonstrated in AD [20]. The levels of 

amnesic mild cognitive impairment (aMCI) and early-stage AD compared 
to normal controls [21-24]. Additionally, the baseline levels of composited 
plasma Aβ1-42 and Tau in aMCI predict cognitive decline in 1-1.5 years [25]. 

The level of plasma Tau is elevated in subjects showing brain atrophy in 
images created with magnetic resonance imaging [26]. The plasma Aβ1-42-to-
Aβ1-40 ratio significantly differs between amyloid PET-negative and amyloid 
PET-positive AD [27,28]. Clinical evidence has revealed the promising utility 
of plasma biomarkers in assisting AD diagnoses.

Among the ultrasensitive technologies for assaying plasma Aβ1-40, 
Aβ1-42 and Tau, immunomagnetic reduction (IMR) reagent kits have been 
documented with CE data for in vitro diagnosis (IVD) and approved by the 
Taiwan Food and Drug Administration (TFDA). The IMR reagents for Aβ1-40, 
Aβ1-42 and Tau have been applied in research and clinical uses in Europe, 
the Middle East, Southeast Asia, and Taiwan. In the past, preclinical assays, 
such as the hook effect, assay detection limit, assay linearity, precision and 
repeatability, spike recovery rate, dilution recovery rate, and interference, 
of IMR reagents for Aβ1-40, Aβ1-42 and Tau were investigated by following 
guidelines issued by Clinical and Laboratory Standards Institute and ICH 
Q2(R1) [20,29]. In this work, the stability of these reagents was examined 
based on their typical prolonged delivery and storage periods after 
synthesis. Reagent stability is an important issue in the clinic and includes 
storage stability and open-vial stability [30,31].

Materials and Methods
Test of storage stability of IMR reagents

composited Aβ1-42  and Tau are promising indices for use in distinguishing 
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Each IMR reagent, e.g., for Aβ1-40 (MF-AB0-0060, MagQu), was 
immediately aliquoted after synthesis and sealed. The storage period of 
the IMR reagent after synthesis is referred to as the zero point. One aliquot 
was used for assaying Aβ1-40 in PBS samples spiked with 100 pg/ml Aβ1-40 
(A1075, Sigma-Aldrich). The aliquots of the other PBS samples were stored 
at 2°C-8°C. Then, 80 μl of the IMR Aβ1-40 reagent was extensively mixed 
with 40 μl of the 100-pg/ml-Aβ1-40-PBS sample in a sample assay tube. 
Each aliquoted reagent was not opened until the IMR measurement was 
taken. An IMR analyzer (XacPro-S, MagQu) was used to assay Aβ1-40. At 
different times after synthesis, one aliquot and the 100-pg/ml Aβ1-40-PBS 
sample were placed at room temperature from 5 to 10 minutes, followed 
by mixing reagent and sample in a test tube for assaying Aβ1-40. Similar 
processes were performed for assaying Aβ1-42 in a 100-pg/ml-Aβ1-42-PBS 
sample (A9810, Sigma-Aldrich) and Tau in a 100-pg/ml-Tau-PBS sample 
(T7951, Sigma-Aldrich). The reagent volumes for assaying Aβ1-42 and Tau 
were 60 and 80 μl, respectively. The sample volumes for assaying Aβ1-42 and 
Tau were 60 and 40 μl, respectively. For each biomarker assay, duplicated 
measurements were performed. Averaged values of the measured 
concentrations are reported.

Test of open-vial stability of IMR reagents

Before the IMR assay was performed, the reagent for Aβ1-42 (MF-
AB2-0060, MagQu) originally stored at 4°C was moved to room temperature. 
After 10 minutes, the reagent bottle was opened, and the reagent was left 
at room temperature for an additional 15 minutes. A portion of the reagent 
was used for IMR measurements of human plasma (HP1051PK3, Valley 
Biomedical), and the remainder was stored at 4°C. Then, 60 μl of the IMR 
Aβ1-42 reagent was thoroughly mixed with 60 μl of human plasma in the 
sample assaying tube. An IMR analyzer (XacPro-S, MagQu) was used to 
assay Aβ1-42. Measurements of each sample were repeated. The averaged 
value was calculated and is reported. IMR measurements of the reagent 
were performed every two weeks for six weeks. Similar processes were 
performed for assaying Aβ1-40 and Tau in human plasma. The reagent 
volumes for assaying Aβ1-40  and Tau were 80 μl. The sample volumes for 
assaying Aβ1-40 and Tau were 40 μl. For each biomarker assay, duplicated 
measurements were performed. Averaged values of the measured 
concentrations are reported.

Evaluation of reagent stability

Reagent stability was evaluated by calculating the recovery rate of 
the measured concentration at a given time with respect to the baseline 
concentration:

"Recovery rate="  "Measured concentration at a given time" /"Measured 
concentration at baseline"  x100%                         (1)

Once the recovery rate exceeded 110% or decreased below 90%, the 
measured concentrations at a given time and baseline was considered 
significantly distinct. Thus, reagents were considered stable at recovery 
rates between 110% and 90%.

Results
Storage stability of IMR reagents

The measured concentrations of Aβ1-40, Aβ1-42 and Tau at different times 
after synthesis are listed in Table 1. For Aβ1-40, aliquoted Aβ1-40 reagents 
were assayed for 53 weeks to determine Aβ1-40 levels in 100-pg/ml-Aβ1-40-
PBS samples. The baseline (week 0) concentration was 94.52 pg/ml, which 
was close to the spiked concentration, i.e., 100 pg/ml. The concentrations 
from week 1 to week 53 were between 93.76 and 99.89 pg/ml. The recovery 
rates during the 53 weeks were calculated via Eq. (1) and are shown in 
Table 1. The highest and lowest recovery rates were 105.7% and 99.2%, 
respectively. These recovery rates were between 90% and 110% for the 
Aβ1-40 reagent stored at 2°C-8°C for 53 weeks.

The measured concentration of Aβ1-42 in the 100 pg/ml-Aβ1-42-PBS 
sample using IMR Aβ1-42 reagent at baseline (week 0) was 100.35 pg/
ml, as listed in Table 1. The measured concentrations of Aβ1-42 during a 
storage period of 68 weeks were between 96.41 and 100.80 pg/ml, which 
corresponded with recovery rates from 96.1% to 100.4%. The results 
showed that the IMR Aβ1-42 reagent stored at 2°C-8°C was stable for at 
least 68 weeks.

Biomarker Storage period 
after synthesis 
(week)

Measured 
concentration 
(pg/ml)

Recovery rate 
(%)

Aβ1-40

0 94.52 -
4 99.89 105.7
8 94.9 100.4
12 98.95 104.7
16 98.41 104.1
20 96.86 102.5
24 97.74 103.4
28 94.61 100.1
32 93.76 99.2
36 94.64 100.1
53 99.81 105.6

Aβ1-42

0 100.35 -
4 99.38 99
8 96.41 96.1
12 100.55 100.2
16 100.56 100.2
20 100.54 100.2
24 100.28 99.9
32 100.51 100.2
36 100.8 100.4
40 100.47 100.1
44 100.26 99.9
48 100.25 99.9
52 100.13 99.8
68 100.01 99.7

Tau

0 98.61 -
4 93.76 95.1
8 93.98 95.3
12 102.6 104
16 100.86 102.3
20 101.98 103.4
24 100.62 102
28 100.06 101.5
32 100.71 102.1
36 100.52 101.9
44 100.25 101.7
48 99.83 101.2
52 99.94 101.3
54 100.37 101.8

Table 1. Variation in the measured Aβ1-40, Aβ1-42, and Tau concentrations in 
PBS samples measured at different times after synthesis.
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For the Tau reagent, the baseline concentration of the 100-pg/ml-
Tau-PBS sample was 98.61 pg/ml when the IMR Tau reagent was used. 
The monitoring period of the Tau reagent was 54 weeks. The measured 
concentrations of Tau during the storage period ranged from 93.76 to 102.6 
pg/ml. The recovery rates obtained via Eq. (1) ranged from 95.1% to 104%, 
which was within the acceptable range of 90% – 110%. Hence, the IMR Tau 
reagent was stable when stored at 2°C-8°C for 54 weeks.

Open-vial stability of IMR reagents

IMR measurements using IMR Aβ1-40, Aβ1-42 and Tau reagents were 
performed every two weeks after vial opening. Between successive 
measurements, the reagents were stored at 2°C-8°C, thereby subjecting 
the reagents to cool/thaw cycles between tests.

Immediately after the vial was opened, the baseline human plasma IMR 
measurement of Aβ1-40 was 52.07 pg/ml, as listed in Table 2. The measured 
concentrations at weeks 2, 4, and 6 after vial opening were 53.41, 51.99, 
and 53.54 pg/ml, respectively, with corresponding recovery rates of 102.6%, 
99.8% and 102.8%. This implied no significant differences in the measured 
Aβ1-40 concentrations in human plasma of open vial IMR Aβ1-40 reagents 
stored at 2°C-8°C for 6 weeks.

Biomarker Storage period 
after open vial 
(week)

Measured 
concentration 
(pg/ml)

Recovery rate 
(%)

Aβ1-40

0 52.07 -
2 53.41 102.6
4 51.99 99.8
6 53.54 102.8

Aβ1-42

0 16.22 -
2 16.12 99.4
4 16.39 101
6 16.26 100.9

Tau

0 20.79 -
2 20.54 98.8
4 20.55 98.8
6 21.31 102.5

Table 2. Variations in the measured Aβ1-40, Aβ1-42 and Tau concentrations in 
the human plasma sample measured at different times after opening the 
vial.

Measured Aβ1-42 concentrations in human plasma using the IMR Aβ1-42 
reagent immediately after vial opening and 2, 4, and 6 weeks after vial 
opening were 16.22, 16.12, 16.39, and 16.26 pg/ml, respectively, with 
corresponding recovery rates (as calculated via Eq. (1)) of 99.4% at week 
2, 101.0% at week 4, and 100.9% at week 6. Similar to the stability of the 
IMR Aβ1-40 reagent, the open-vial IMR Aβ1-42 reagent was stable for no less 
than 6 weeks.

The Tau concentration was measured as 20.79 pg/ml at baseline in 
human plasma. Concentrations measured 2, 4, and 6 weeks after vial 
opening were 20.54, 20.55, and 21.31 pg/ml, respectively. The recovery 
rates ranged from 98.8% to 102.5%, which confirmed that the stability of 
this IMR Tau reagent in an open vial can persist for at least than 6 weeks.

Discussion
In testing the storage stability of the reagents, the IMR measurements 

of Aβ1-40, Aβ1-42, and Tau in spiked PBS samples were terminated at the 
53rd, 68th, and 54th weeks, respectively. These endpoints did not indicate 
that the stability of the Aβ1-40, Aβ1-42, or Tau reagents decreased after 53, 68, 
and 54 weeks. Clinical practice does not necessitate the storage of these 

reagents at 2°C-8°C beyond one year; therefore, monitoring the storage 
stability of the Aβ1-40
53, 68, and 54. Overall, the results indicated that the stability of the Aβ1-40, 
Aβ1-42, and Tau reagents stored for 53, 68, and 54 weeks at 2°C-8°C was 
sufficient for clinical use.

In addition to IMR measurements, the reagents were investigated by 
visual inspection to observe the precipitation of magnetic nanoparticles. 
The IMR reagents consisted of antibody-functionalized magnetic Fe3O4 
nanoparticles dispersed in PBS solution. The mean diameter of the 
nanoparticles was approximately 55 nm. In reagent preparation, the 
surfactant, i.e., dextran, of the Fe3O4 nanoparticles was oxidized to add 
aldehyde groups (i.e.,-CHO) [30]. Dextran covalently associates with 
antibodies via-CH=N-. Unbound aldehyde groups on dextran were then 
reduced. Without dextran, the nanoparticles would easily aggregate and 
precipitate in the reagents. Unbound antibodies were separated from 
reagent through magnetic separation. If these antibody immobilization 
steps are not followed, then the magnetic nanoparticles aggregate and 
precipitate. Thus, the total binding area covered by the antibody and 
antigen is reduced. The reagent characterizations were changed. During 
the storage stability tests of the IMR Aβ1-40
nanoparticle precipitation was observed. This indicated that the antibody-
functionalized magnetic nanoparticles were stably and well-dispersed 
in the reagents. Reagent preparation was well controlled and resulted 
in highly stable IMR reagents. As shown in Table 1, the suspensions of 
magnetic nanoparticles biofunctionalized with antibodies against Aβ1-

40, Aβ1-42, and Tau in the reagents were stable for 53, 68, and 54 weeks, 
respectively. The long-term stability of antibody-functionalized magnetic 
nanoparticle suspensions in the IMR reagents has also been observed for 
c-reactive protein, carcinoembryonic antigen, vascular endothelial growth 
factor, human hemoglobin (Hb), human HbA1c, and des-gamma-carboxy 
prothrombin as previously reported.

In the open-vial stability tests, the reagent was stored at 2°C-8°C after 
synthesis. To perform the test at week 0, the reagent was moved from a 
refrigerator to a bench, i.e., from 2°C-8°C to room temperature. Reagent 
(40 or 60 μl) was used for IMR measurement. The remainder of the reagent 
was returned to the refrigerator at 2°C-8°C. Thus, the reagent experienced 
cool-down/thaw cycles. The reagent was subjected to a cool-down/thaw 
cycle before each IMR test. The reagent was tested 0, 2, 4, and 6 weeks 
after synthesis and experienced 1, 2, 3 and 4 cool-down/thaw cycles, 
respectively. Table 2 shows no significant differences in the measured 
concentrations of plasma Aβ1-40 1-40, Aβ1-

42, and Tau reagents at weeks 0, 2, 4, and 6. These results implied that the 
reagent quality did not significantly change or degrade over 4 cool-down/
thaw cycles.

Conclusion
The stability of reagents used for assaying Aβ1-40, Aβ1-42, and Tau via 

immunomagnetic reduction persisted for at least 53, 68, and 54 weeks 
at 2°C-8°C. The reagents in open vials were stable for at least 6 weeks. 
Moreover, the quality of these reagents did not significantly change or 
degrade when subjected to 4 cool-down/thaw cycles. These results showed 
that these IMR reagents remained sufficiently stable for clinical use.
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