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Abstract

Objective: To compare the performance of prototype Access® sVEGF R1 and PlGF automated 

immunoassays from Beckman Coulter to the Quantikine® microplate ELISA assays by R&D 

Systems.

Methods: Samples obtained from pregnant women, non-pregnant women, and men were assayed 

according to manufacturers’ instructions.

Results: Compared to the Quantikine assays, the Access assays demonstrated improved 

precision, increased sensitivity, broader dynamic ranges, and reduced analysis time. The Access 

assays were found to be specific for free sVEGF R1 and free PlGF.

Conclusion: There was good correlation between the Access and Quantikine assays. Superior 

performance by Access assays may have important prenatal diagnostic implications.
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Introduction

There is growing evidence that supports the role of angiogenic and anti-angiogenic proteins 

in the pathophysiology of preeclampsia. A strong correlation has been found repeatedly 

between decreased concentrations of placental growth factor (PlGF) and increased 
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concentrations of soluble vascular endothelial growth factor receptor 1 (sVEGF R1; also 

referred to as soluble fms-like tyrosine kinase-1 or sFlt-1) in pregnant women with 

preeclampsia as well as in women who are asymptomatic but develop the condition later in 

pregnancy (1–4). A number of studies have reported disease-related alterations in the 

concentrations of these biomarkers at various gestational intervals including at the time of 

delivery (3), at the time of preeclampsia diagnosis (4), several weeks prior to diagnosis (5, 6, 

7), during the second trimester (8, 9) and as early as the first trimester (8, 10). Severity of 

disease has been associated with very low concentrations of PlGF (11, 12, 13) as well as 

with changes in both proteins between the first and second trimesters (14). More recently, 

investigators have been exploring the utility of these markers in the differential diagnosis of 

preeclampsia in complicated pregnancies (4, 15).

Vascular endothelial growth factor (VEGF), PlGF and sVEGF R1 are produced by 

trophoblasts, play key roles in regulating angiogenesis and are critical for successful 

placentation (16, 17, 18, 19). Both VEGF and PlGF promote angiogenesis by interacting 

with members of the VEGF receptor family found primarily on endothelial cells. These 

growth factors drive differentiation of, and are required to maintain, normal endothelial 

function. sVEGF R1, a soluble isoform of the transmembrane receptor for VEGF and PlGF, 

counteracts these angiogenic effects by binding circulating VEGF and PlGF and preventing 

activation of the membrane-bound receptor (18). An increase in the production of sVEGF 

R1 may trigger the maternal endothelial dysfunction that results in the clinical findings of 

hypertension, proteinuria, and edema (20).

Most of the studies exploring the usefulness of PlGF and sVEGF R1 as diagnostic markers 

for preeclampsia have measured these proteins using the Quantikine ELISA kits from R&D 

Systems (Minneapolis, MN). These assays are available for Research Use Only. Manual 

microplate assays such as these are considered to be labor intensive. We used advanced 

analytic techniques to create rapid, precise and reproducible automated assays adaptable for 

routine use in hospital and reference laboratories. Thus, the objective of this study was to 

evaluate the performance and analytical characteristics of prototype automated Access 

immunoassays for PlGF and sVEGF R1 in development. Not available for diagnostic 

procedures in comparison with the Quantikine microplate kits.

Methods

Study subjects

All subjects provided written informed consent prior to the collection of blood specimens. 

The utilization of samples for research purposes was approved by the Institutional Review 

Boards of Abbott Northwestern Hospital, Minneapolis, MN; The Toledo Hospital, Toledo, 

OH; Wayne State University, Detroit, MI; and the Eunice Kennedy Shriver National Institute 

of Child Health and Human Development, NIH, DHHS.

Methods comparison testing

Serum specimens were obtained from pregnant women (n=182) enrolled in a prospective 

clinical trial evaluating the potential clinical utility of the Access assays. Second and third 

Wothe et al. Page 2

Hypertens Pregnancy. Author manuscript; available in PMC 2019 June 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



trimester specimens from both normotensive and preeclamptic subjects were included to 

cover the complete measuring range of each assay.

The Access PlGF and sVEGF R1 assays are one-step immunoenzymatic (“sandwich”) 

assays. A sample is added to a reaction vessel along with paramagnetic particles coated with 

mouse monoclonal anti-human PlGF or mouse monoclonal anti-human sVEGF R1, blocking 

agent and a second monoclonal antibody conjugated to alkaline phosphatase. After 

incubation in a reaction vessel, materials bound to the solid phase are held in a magnetic 

field while unbound materials are washed away. The chemiluminescent substrate Lumi-Phos 

530 is added to the vessel and light generated by the reaction is measured with a 

luminometer. The light production is directly proportional to the concentration of PlGF or 

sVEGF R1 in the sample, with the amount of analyte in the sample determined from a 

stored, multi-point calibration curve. Reagents for both Access assays were provided in 

ready-to-use reagent cartridges and the assays were run on Access 2 automated 

immunoassay analyzers. Manual two-step microplate ELISAs for PlGF and sVEGF R1, 

(Quantikine kits, R&D Systems, Minneapolis, MN) were run according to the 

manufacturer’s instructions. All specimens analyzed using the sVEGF R1 Quantikine assay 

were pre-diluted 1:20 prior to analysis. All other assays were run using neat samples.

For low analyte concentration reproducibility analyses, EDTA plasma was obtained from 

normal pregnant subjects (n=12) between 8.0 and 11.7 weeks of gestation and from men 

(n=10) and non-pregnant women (n=10). Blinded samples were run in duplicate on the PlGF 

and sVEGF R1 Access assays. Replicate coefficients of variation (CVs) were calculated for 

each sample (Table 1).

To identify the impact of ligand binding in the Access assays, purified PlGF and sVEGF R1 

proteins were commercially obtained from R&D Systems. Ligand was titrated into a fixed 

concentration of each analyte and allowed to equilibrate for one hour at room temperature 

prior to analysis. Increasing molar concentrations of PlGF were spiked into a baseline 

sample containing 20,000 pg/mL sVEGF R1 and then assayed for sVEGF R1. Likewise, 

increasing molar concentrations of sVEGF R1 were spiked into a baseline sample containing 

2,000 pg/mL PlGF and then assayed for PlGF.

The normality of the data was tested using the Shapiro-Wilk test. Because sVEGF R1 and 

PlGF concentrations were not normally distributed, non-parametric tests were used for 

analyses. Passing-Bablok regression was used to measure overall agreement between the 

Access and Quantikine methods. Pearson r statistic was calculated as a measurement of 

correlation. Bland-Altman analysis was used to detect bias between methods as a function of 

analyte concentration. All statistical calculations were performed using the Analyze-it® 

software add-on version 1.63 (Analyze-it Software Ltd., Leeds, UK) for Microsoft Excel.

Results

Comparison between the Access and Quantikine PlGF assays (n=182) demonstrated good 

agreement between methods. Passing Bablok regression analysis (Figure 1A) demonstrated 

a slope of 1.48 (95% CI of 1.36 to 1.61) and an intercept of −71.2 (−103.0 to −33.2 = 95% 

Wothe et al. Page 3

Hypertens Pregnancy. Author manuscript; available in PMC 2019 June 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



CI). The Pearson r statistic was 0.81. A Bland-Altman plot (Figure 1B) showed a relative 

even spread of biases for individual samples with no strong trend for the sample set as a 

whole.

Method comparison between the Access and Quantikine sVEGF R1 assays (n=182) 

demonstrated a lesser agreement. Although both assays measure sVEGF R1, correlation 

differences are expected as the two methods measure different forms of the analyte [free 

(Access) vs. total (Quantikine)]. A Bland-Altman plot (Figure 2A) showed a dose-dependent 

bias for individual samples. Relative reported doses for the Access vs. the Quantikine 

methods become smaller as the analyte concentration in the samples decreases. This is to be 

expected if at low sVEGF R1 concentrations a decreasing proportion of the sVEGF R1 

exists in the free form. Passing Bablok regression analysis (Figure 2b) demonstrated a slope 

of 2.63 (2.24 to 3.06 = 95% CI) and an intercept of −2194 (−2981 to −1630 = 95% CI). The 

Pearson r statistic was 0.77.

The Access assays demonstrated interference upon titration of purified sVEGF R1 into the 

PlGF assay and separately, PlGF into the sVEGF R1 receptor assay. As ligand:receptor 

molar ratios approached 1:1, significant signal reductions were observed for both assays. 

Further testing indicated that this was not due to cross-reactivity (data not shown) but rather 

to a strong preference in the assays for free analytes. Figures 3a and 3b detail the 

interactions observed.

The limits of reproducible detection for the Access sVEGF R1 and PlGF assays were 

challenged using plasma samples obtained from ten men, ten non-pregnant women and 

twelve pregnant women in their first trimester. All samples demonstrated low coefficients of 

variation which were within the precision claimed for the assays. Unlike the Quantikine 

microplate kit, all samples, including the male and non-pregnant female samples were 

within the detection limit of the Access assays. Both Access assays demonstrated significant 

dose separation between non-pregnant and first trimester pregnancy samples (Table 1).

The assay time, sample volume and other assay characteristics of each method are compared 

in Table 2.

Discussion

The Quantikine microplate ELISAs for sVEGF R1 and PlGF have been used almost 

exclusively by investigators to evaluate the concentrations of these molecules in 

preeclampsia and related complications of pregnancy. Because of this extensive research 

history, an understanding of the relationships between the Access automated assays for PlGF 

and sVEGF R1 and their Quantikine predecessor microplate assays was desired. The results 

reported herein show that the Access prototype assays offer significant improvements in 

analytical performance over the Quantikine microplate assays.

Early development of the Access prototypes included screening and identification of 

antibody pairs which allow detection and quantitation of free or total analyte. Data from 

early feasibility studies indicated that assays for free analyte provided greater separation 

between patients with preeclampsia and those with normal pregnancies than assays of total 
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analyte. Measurement of free analyte is likely to reflect the amount of biologically active 

molecules available. Indeed, Christinger et al determined the binding affinity (IC50) 

between PlGF and sVEGF R1 to be approximately 5 × 10−10, which effectively creates a 

non-dissociating complex (21). That is, once PlGF binds to sVEGF R1 in circulation, the 

pro-angiogenic effects of PlGF are effectively blocked. Our early findings suggest that 

measurement of bioavailable molecules may be more useful in the identification of pregnant 

women at risk for preeclampsia.

Concerns about the limitations of the microplate assays have been raised by other 

investigators, specifically imprecision and relatively poor low-end sensitivity of the PlGF 

assay (8). Precision of both Access automated assays was found to be better than their 

microplate counterparts (Table 2). Other investigators have reported within run and between 

run %CVs of 3.9–9.8 and 1.4–4.7, respectively for the Quantikine sVEGF R1 assay (7, 21, 

22) and within run and between run %CVs of 4.8–13.1 and 4.1–6.0, respectively, for the 

Quantikine PlGF assay (7, 22). The manufacturer’s directions for use note within run and 

between run %CVs of 2.6–3.8 and 7.0–8.1 for sVEGF R1 and 3.6–7.0 and 10.9–11.8 for 

PlGF. Poor low-end sensitivity of the microplate PlGF assay has limited studies aimed at 

understanding the role of PlGF in early placental development since the concentrations 

detected in first trimester blood specimens are often too low to be reliably measured. 

Romero et al reported that, in general, PlGF was not measurable (using the Quantikine 

microplate method) in most patients in early pregnancy (7). Indeed, 69% of patients destined 

to develop preterm and term preeclampsia, as well as 84% of patients who delivered a small-

for-gestational-age (SGA) neonate had undetectable plasma concentrations of PlGF in early 

pregnancy (first and early second trimester), whereas only 33% of controls had undetectable 

plasma concentrations of PlGF (p<0.0001). Plasma PlGF concentration became detectable 

on average at 10.7 weeks, 9.4 weeks and 9.7 weeks of gestation in patients with term 

preeclampsia, preterm preeclampsia and SGA neonates, respectively. Among normal 

pregnancies, the plasma concentration of PlGF became detectable on average at 8.5 weeks of 

gestation. The sensitivity of the Quantikine PlGF assay is 9.52 pg/mL (8) while the Access 

PlGF assay is <1.0 pg/mL. The ability to measure low concentrations of PlGF in the first 

trimester could aid in defining the relationship between PlGF and placental development and 

may offer insight into the genesis of preeclampsia.

Our data suggest that the method used for sVEGF R1 and PlGF quantitation will need to be 

clearly identified in future reports. Assays may not sufficiently agree to achieve 

interchangeable or biologically equivalent results. The measuring range and analytical 

sensitivity between platforms differ, which also contributes to discrepant interpretation. In 

particular, the sensitivity of the PlGF assay used may not allow for quantitation in specimens 

from males, non-pregnant females, and very early gestational ages. In turn, the Quantikine 

sVEGF R1 assay requires significant dilution of specimens from women in their third 

trimester or from women with preeclampsia to achieve reportable results. Because the 

automated Access assay for sVEGF R1 measures unbound protein whereas the microplate 

assay measures total sVEGF R1, analyte concentration bias between methods is expected 

which may affect clinical interpretation of the results. Indeed, studies using the Access free 

sVEGF R1 assay demonstrated improved disease state discrimination compared to published 

reports which used the microplate method (manuscript submitted). Additional clinical 
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studies are underway to determine reference ranges as well as the optimal utilization of the 

automated assays in clinical situations.

Access assay characteristics offer benefits over those of the corresponding Quantikine 

assays. The lower specimen volumes used by the Access assays offer advantages to 

researchers involved in clinical studies who must carefully select laboratory tests when they 

are limited by specimen volume. In addition, the enhanced precision eliminates the need to 

run duplicate measurements as recommended for the microplate assays. Another benefit of 

automation is speed of analysis and rapid turn around time. Microplate assays, in general, 

are labor intensive and not well suited for routine and rapid analysis in a clinical laboratory 

setting. With reduced assay time and large dynamic measuring ranges for the Access 

automated assays, analyzed samples do not need repeat testing.

Analytical improvements should have positive clinical implications. Beckman Coulter, Inc. 

has designed automated immunoassays for PlGF and sVEGF R1 with the requirements of 

clinicians, patients, and busy clinical laboratories in mind. The impact of improved 

performance (speed, reproducibility, ease of use, calibration stability, reagent lot-to-lot 

stability) will extend beyond the laboratory when these automated assays are adopted as 

diagnostic tools.
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Figure 1. Agreement between Quantikine microplate PlGF assay and Access automated PlGF 
assay.
(A) Passing-Bablok regression analysis. (B) Bland–Altman plot.
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Figure 2. Agreement between Quantikine microplate sVEGF R1 assay and Access automated 
sVEGF R1 assay.
(A) Bland–Altman plot and (B) Passing-Bablok regression analysis.
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Figure 3A. sVEGF R1 Titration into Access PlGF Assay.
The Access PlGF assay signal is reduced by the presence of molar excesses of purified 

sVEGF R1. The Quantikine PlGF assay insert indicates a similar interference. This is 

consistent with a binding model in which both the Access and Quantikine assays 

preferentially detect the free (non-receptor bound) form of PlGF.

Wothe et al. Page 10

Hypertens Pregnancy. Author manuscript; available in PMC 2019 June 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3B. PlGF titration into Access sVEGF R1 assay.
The Access sVEGF R1 assay signal is reduced by the presence of molar excesses of purified 

PlGF (solid line), while the antibody pair used in the Quantikine sVEGF R1 assay is not 

affected by PlGF concentration (dashed line). This indicates that the Quantikine assay 

measures total sVEGF R1 while Access preferentially measures the free, non-ligand 

containing form of the receptor.
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Table 1.

Median concentrations of sVEGF and PlGF measured by the Access system in human samples

sVEGF R1 PlGF

Median Dose
(pg/mL)

Median CV
(%)

Median Dose
(pg/mL)

Median CV
(%)

Male 54.74 2.30 2.87 2.81

Female
non-pregnant 63.00 1.78 2.83 2.05

Female
pregnant 2881.46 0.97 18.74 2.49
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Table 2:

Comparison of Assay Characteristics

Characteristic R&D Systems
PlGF

Access
PlGF

R&D Systems
sVEGF R1

Access
sVEGF R1

Assay Time ~ 4.5 hours < 1 hour ~ 4.5 hours < 1.5 hour

Sample Volume 100 µL 83 µL 100 µL 25 µL

Dynamic Range 15.6 – 1,000 pg/mL 1 – 5,000 pg/mL 31.2 – 2,000 pg/mL 15 – 100,000 pg/mL

With-in Run CV 3.6 – 7.0% 2.00% 2.6 – 3.8% 2.10%

Between Run CV 10.9 – 11.8% 2.49% 7.0 – 8.1% 2.80%
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