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Abstract 
Aim: Measurement of B-type natriuretic peptide (BNP) is widely used as a 
diagnostic and risk assessment tool for cardiovascular disease. Recent studies 
have demonstrated that BNP-32 and its precursor proBNP circulate in the 
blood stream, and that most commercial BNP immunoassays measure both 
forms. However, recombinant or synthetic BNP-32 is used as the standard for 
those BNP immunoassays. This gap between clinical samples and the stan-
dard might be a potential source of variation in BNP measurements among 
assays. The purpose of this study is to validate a more suitable calibrator for 
BNP immunoassays. Methods: External BNP calibrators containing both 
BNP-32 and glycosylated proBNP were prepared at two concentration levels. 
Target BNP concentrations of the low and high levels were 40 and 160 pg/mL, 
respectively. And to reflect clinical samples, the molar ratios of BNP-32 to 
glycosylated proBNP in these concentration levels were adjusted to 50:50 and 
25:75, respectively. BNP concentrations of plasma samples along with the ex-
ternal BNP calibrators were measured at two commercial labs and using an 
automated analyzer MI02 Shionogi® BNP (MI02). These samples and the ca-
librators were also measured using an immunoradiometric assay (IRMA) as a 
standard assay procedure. Concentrations of the plasma samples measured at 
the labs or using the MI02 were adjusted according to a comparison of the 
measured concentrations of the external BNP calibrators with the IRMA. 
Results: After measured concentrations of the plasma samples were adjusted 
using the external BNP calibrators, the correlation between each measure-
ment and the IRMA was improved. The range of the slopes according to 
Passing-Bablok regression analysis narrowed from 0.628 - 0.955 to 0.911 - 
1.005. Conclusions: Our data suggests that a mixture of BNP-32 and glyco-
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sylated proBNP at different ratios by concentration level is suitable for cali-
bration to minimize variations in BNP measurements among immunoassays. 
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1. Introduction 

B-type natriuretic peptide (BNP) is a 32 amino acid peptide hormone produced 
by myocardium [1] [2]. The expression and secretion of BNP increase signifi-
cantly in response to pressure overload, volume overload, and ischemic injury 
with heart failure (HF) and myocardial infarction [3]. 

In the last few decades, BNP has been successfully developed as a biomarker 
for various life sciences. In cardiovascular and related fields, BNP has become an 
indispensable biomarker in clinical practice along with troponins. For instance, 
screening BNP concentrations can establish risk for patients bearing symptoms 
that imply HF. Additionally, various trials have established the use of BNP mea-
surements for other diagnoses and treatments including dyspnea, cardiogenic 
brain embolism, and general medical wellness [4] [5]. Therefore, clinical guide-
lines recommend measuring BNP to aid in the diagnosis of HF and other dis-
eases and to monitor disease progression [6] [7]. 

The BNP gene encodes a 134 amino acid preproBNP precursor that includes a 
26 amino acid signal peptide [1]. After the signal peptide is cleaved, a 108 amino 
acid BNP precursor peptide (proBNP) is generated, and further processing of 
proBNP gives two fragments, NT-proBNP (amino acids 1 - 76) and BNP-32 
(amino acids 77 - 108) [8]. Some gel filtration studies have shown the presence 
of two BNP immunoreactive fractions of high-molecular-weight (MW) (30 - 40 
kDa) and low-MW (~3 kDa), which correspond to proBNP and BNP-32, respec-
tively [8] [9] [10]. Moreover, Giuliani et al. developed a proBNP specific immu-
noassay and confirmed the presence of proBNP in the blood [11]. Some studies 
have shown that proBNP is the major form in blood from patients with HF [12] 
[13]. Recently, we reported on the molecular forms of BNP and its analogues in 
regard to HF severity related to the ratio of BNP-32 to proBNP [14]. 

Schellemberger et al. reported that proBNP is an O-glycosylated protein with 
seven identified glycosylation sites [15]. Recently, another study has described 9 
glycosylation sites on circulating proBNP in HF patients [16]. All glycosylation 
sites are located on the NT-proBNP part of proBNP, and the glycosylation status 
of one amino acid, T71, is crucial for processing proBNP into NT-proBNP and 
BNP-32 due to the distance between the O-glycosylation and cleavage site [17] 
[18] [19]. These findings suggest that proBNP in circulation is O-glycosylated, 
including at amino acid T71, which is nearest to the cleavage site. Figure 1 de-
picts the mechanism of the formation of proBNP, BNP-32, and NT-proBNP in 
circulation. 
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Figure 1. Scheme of proBNP processing. After proBNP is formed, O-glycosylation occurs 
at several sites (glycans on proBNP are indicated by hexagons). Only proBNP that is not 
glycosylated at T71 can be processed to BNP-32 and NT-proBNP. This figure was mod-
ified based on the figure shown in [18]. 

 
As shown in several reports [20] [21] [22], the BNP measurement reagents 

that are commercially available simply provide the total BNP or sum of proBNP 
(the majority is glycosylated proBNP as described above) and BNP-32, while not 
being able to measure the respective contents due to the sandwich immunoassay 
system. And it should be noted that cross-reactivities to the glycosylated proBNP 
are different among assays [23]. However, recombinant or synthetic BNP-32 is 
used as standard material for almost all commercially available BNP immunoas-
says. These differences in cross-reactivity and the gap between the existence of 
BNP-derived peptides in clinical samples and in standards might cause variabil-
ity in BNP measurement results with different BNP assays. 

To monitor the history of BNP concentrations in the same patient, which are 
often measured in different places using different BNP assays, it is desirable that 
the assays be comparable. Currently, there is no primary reference material for 
BNP measurement. Therefore, we developed a common calibrator as a primary 
reference material. The new calibrator is comprised of proBNP and BNP-32 
corresponding to the various total BNP concentrations that indicate the severity 
of HF. Our new calibration method for measuring total BNP can improve clini-
cal decision-making. 
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2. Methods 
2.1. Ethics 

This study was approved by the Ethics Committee of Takeda Hospital Group (ap-
proval No. 1508) and the Shionogi Human Research Ethics Committee (approval 
No. HSI 15-023), and written informed consent was obtained from all subjects. 

2.2. Measurement of proBNP and Total BNP in Clinical Samples 

Blood samples were collected into 7 mL of PET (polyethylene terephthalate) tubes 
(two tubes each) containing 1.5 mg/mL of EDTA-2Na (ethylenediaminetetraa-
cetic acid disodium salt) from 60 subjects (31 males, aged 48 to 95 years (average 
76.9 years)). The subjects were selected from patients treated at Takeda Hospital 
or Koseikai Clinic, who was diagnosed as heart failure or its suspicion. Plasma was 
separated from the blood, and aliquots of the plasma were stored below −70˚C be-
fore measurements. BNP concentrations of the plasma samples were measured us-
ing a traditional immunoradiometric assay (IRMA) long in use [24] [25]. We pre-
pared the IRMA reagent according to an established protocol. In addition, plas-
ma total BNP and proBNP were also measured using recently developed chemi-
luminescent enzyme immunoassays (CLEIA) [26]. The assay for total BNP uses 
antibodies that recognize the C-terminus and ring region of BNP, respectively. 
Therefore, this assay detects both proBNP and BNP-32. In contrast, the assay 
specific to proBNP uses an antibody that recognizes the N-terminus (amino ac-
ids 13 - 20) of proBNP instead of the ring antibody used for the total BNP assay. 

2.3. Preparation of External BNP Calibrators 

External BNP calibrators were prepared as follows: 1) anti-BNP monoclonal an-
tibody specific to the ring region of BNP was immobilized on polystyrene beads 
(Immunochemical, Okayama, Japan); 2) the antibody beads were added into 
pooled normal human plasma (Tennessee Blood Service, TN, USA) and incu-
bated for 18 h at 2˚C - 8˚C with gentle shaking to remove residual BNP from the 
plasma; 3) 1000 KIU (kallikrein inhibition units) per mL of aprotinin from bo-
vine lung (Sigma-Aldrich, MO, U.S.A.) was added into the BNP-depleted plasma 
to prepare base plasma; and 4) recombinant glycosylated proBNP (Hytest, Tur-
ku, Finland) and synthetic BNP-32 (Peptide Institute, Osaka, Japan) were added 
into the base plasma. The calibrators were prepared in two concentration levels 
of ~40 and ~160 pg/mL (BNP-32 immunoreactivity), and the molar ratios of 
BNP-32 to glycosylated proBNP were adjusted to 50:50 and 25:75, respectively, 
which reflect proBNP ratios in clinical samples. In the same manner, other ex-
ternal BNP calibrators were prepared using only either BNP-32 or glycosylated 
proBNP. 

2.4. Measurement of Pooled Plasma Samples and External BNP  
Calibrators 

Each of four to eight plasma samples as described in Section 2.2 in which the 
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BNP concentrations were close were pooled, and 10 kinds of pooled plasma 
samples were prepared. These pooled plasma samples and the external BNP ca-
librators, which contained BNP-32 and/or glycosylated BNP as described above, 
were measured in duplicate by two commercial labs that use different chemilu-
minescent immunoassays (CLIA). In addition, these samples and the external 
BNP calibrators were measured using the MI02 Shionogi® BNP (MI02), a CLEIA 
automated analyzer that we previously developed [27]. The external BNP cali-
brators containing both BNP-32 and glycosylated BNP were also measured using 
the CLEIAs for proBNP and total BNP. 

2.5. Adjustment of Measured BNP Concentrations in Comparison  
with Measurement Results for Calibrators 

The same pooled plasma samples and the external BNP calibrators were also 
measured in duplicate using IRMA as a standard assay procedure. Measured 
concentrations of the external BNP calibrators using IRMA were defined as the 
assigned standard concentrations. Measured concentrations of the external BNP 
calibrators using each assay at a commercial lab or by the MI02 were compared 
with the assigned standard concentration, and the ratio of the assigned standard 
concentration to each concentration was determined as the adjustment factor. 
The initial concentrations of the pooled plasma samples measured using assays 
at commercial labs or by the MI02 were adjusted by multiplying by the adjust-
ment factor. The detailed procedure for adjusting the concentration is shown in 
Table 1. 

2.6. Data Analysis 

The agreement of measured BNP concentrations between each assay and the 
standard assay procedure (i.e. IRMA) was analyzed for every pair of assays by 
using a Passing-Bablok regression analysis with the Analyze-it for Microsoft Ex-
cel version 2.22. Coefficients of determination (R2), p-value and between-assay 
coefficient of variation (CV) were calculated with Microsoft Excel version 2016. 

3. Results and Discussion 
3.1. Ratio of BNP-32 and proBNP in Clinical Samples 

We determined the ratios of BNP-32 and proBNP in clinical samples. The per-
centages of proBNP in plasma samples were analyzed using two CLEIAs for total 
BNP and specific for proBNP, respectively. We found that the percentage of  
 

Table 1. Procedure for value adjustment using the external BNP calibrators. 

Initial concentration (I.C.) of sample to be adjusted Adjusted concentration 

Less than or equal to concentration a of the low level Multiplication of the I.C. and the low level adjustment factor 

Between concentrationsa of the low and high levels Multiplication of the I.C. and a factor proportionally calculated 

Greater than or equal to concentrationa of the high level Multiplication of the I.C. and the high level adjustment factor 

a: Concentrations of the external calibrators measured with the assay to be adjusted. 
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proBNP increased according to the total BNP level up to ~500 pg/mL (see Fig-
ure 2). This result is consistent with a previous study regarding the relationship 
between HF severity and proBNP abundance ratio [14]. 

3.2. Determination of the Adjustment Factor According to  
Measurement Results of the External BNP Calibrators 

In a recent study, Semenov et al. suggested that glycosylated proBNP could serve 
as a common calibrator for BNP assays [28]. However, a common calibrator for 
BNP assays should contain both BNP-32 and glycosylated proBNP based on the 
ratios of BNP-32 and proBNP in clinical samples. This agrees with the fact that 
proBNP in circulation is O-glycosylated [17] [18] [19], especially in patients with 
severe HF, and is accompanied by a small amount of BNP-32 [29]. Moreover, we 
should recognize the utility and importance of currently measured BNP concen-
trations afforded by available instruments, which has huge clinical significance 
for diagnosis and treatment. Accordingly, suitable calibrators need to be pre-
pared with the proper abundance ratios of BNP-32 and proBNP for various BNP 
levels. We thus compared the effect of value adjustment using external BNP ca-
librators containing BNP-32 alone, glycosylated BNP alone, and both BNP-32 
and glycosylated BNP. 

The IRMA reagent used in our current study was based on the SHIONORIA 
BNP [24], which was the first commercially available BNP assay kit in the world. 
Therefore, we settled on the IRMA method as the standard assay procedure to 
assign standard concentrations of the external BNP calibrators. Measurements of 
external BNP calibrators containing both BNP-32 and glycosylated BNP were 
performed by making use of IRMA to give “assigned concentrations” as shown 
in Table 2. We simultaneously examined calibrators containing BNP-32 alone  
 

 
Figure 2. Relationship between BNP concentration and proBNP ratio. BNP concentrations of plasma samples (n 
= 60) measured using IRMA are shown on the X axis with a linear scale (A) and log scale (B), and the percentages 
of proBNP to total BNP calculated from those measured concentrations using the CLEIAs for proBNP and total 
BNP are shown on the Y axis. 
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Table 2. Measured concentrations of external BNP calibrators containing BNP-32 and/or 
glycosylated proBNP (pg/mL) and determined adjustment factors (in parentheses). By 
comparing measurement values using the standard assay procedure (IRMA) (i.e. the as-
signed standard concentrations) and measurement values using each BNP assay, adjust-
ment factors for each concentration level of each external calibrator were determined for 
each BNP assay. Percentages of proBNP to total BNP calculated from measured concen-
trations using the CLEIAs for proBNP and total BNP are shown below. 

External BNP calibrator 
Mixture of BNP-32 and 

glycosylated proBNP 
BNP-32 only 

Glycosylated proBNP 
only 

 Low levela High levelb Low level High level Low level High level 

Assigned standard  
concentration using the IRMA 

37.7 158.9 35.8 181.5 36.4 181.8 

Commercial lab 1 
42.9 

(0.88) 
156.0 
(1.02) 

53.6 
(0.67) 

238.8 
(0.76) 

41.6 
(0.88) 

164.6 
(1.10) 

Commercial lab 2 
23.6 

(1.60) 
103.3 
(1.54) 

22.9 
(1.56) 

85.2 
(2.13) 

26.6 
(1.37) 

126.8 
(1.43) 

MI02 Shionogi® BNP 
28.0 

(1.35) 
138.1 
(1.15) 

37.6 
(0.95) 

187.8 
(0.97) 

36.6 
(0.99) 

197.5 
(0.92) 

Percentage of proBNP to total 
BNP (%) 

62.2 80.3 n.t. n.t. n.t. n.t. 

n.t.: Not tested; a: Ratio of the BNP-32 and the glycosylated proBNP is 50:50; b: Ratio of the BNP-32 and 
the glycosylated proBNP is 25:75. 

 
and glycosylated proBNP alone. Subsequently, we also measured these external 
BNP calibrators at commercial labs or by using the MI02 method to afford the 
measured concentrations as shown in Table 2. 

Measured percentages of proBNP to total BNP for the external BNP calibra-
tors containing both BNP-32 and glycosylated BNP are also shown in Table 2. 
In addition, by comparing the assigned standard values and measurement values 
using assays at commercial labs or the MI02, adjustment factors were deter-
mined for each concentration level of each external BNP calibrator (see Table 
2). An example of a calculation of the adjustment factor for samples between low 
and high concentration level calibrators is shown in Figure 3. 

3.3. Effect of Value Adjustments Using the External BNP  
Calibrators 

Each initial concentration of the pooled plasma sample was adjusted according 
to the determined adjustment factors for each level of each external BNP cali-
brator for each assay. And the consistency of each measured concentration using 
each assay to the concentration using the standard assay procedure (IRMA) was 
evaluated for the initial concentrations and the adjusted concentrations. Results 
of the adjustments according to the determined adjustment factors for the ex-
ternal BNP calibrators containing both BNP-32 and glycosylated proBNP are 
shown in Figure 4. Though there were comparative differences between the ini-
tial concentrations of each assay and the concentrations using the standard assay 
procedure (IRMA), the differences became smaller after the adjustment. However,  
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Figure 3. Relationship between BNP concentration and proBNP ratio. BNP concentra-
tions of plasma samples (n = 60) measured using IRMA are shown on the X axis with a 
linear scale (A) and log scale (B), and the percentages of proBNP to total BNP calculated 
from those measured concentrations using the CLEIAs for proBNP and total BNP are 
shown on the Y axis. 
 

 
Figure 4. Adjustment of measured concentrations of the assays at commercial labs (A and B) and the MI02 Shionogi (C) accord-
ing to measured concentrations of the external BNP calibrators. BNP concentrations using the standard assay procedure (IRMA) 
are shown on the X axis, and the percentages of BNP concentrations of pooled plasma samples to each corresponding measured 
concentration using the standard assay procedure (IRMA) are shown on the Y axis, with open symbols for initial concentrations 
and closed symbols for adjusted concentrations. 

 
using the determined adjustment factors for external BNP calibrators containing 
only either BNP-32 or glycosylated proBNP did not further reduce the differ-
ences, or rather made the differences worse for the calibrators containing only 
BNP-32 (data not shown). 

Correlations of measured concentrations of the pooled plasma samples using 
each assay to the concentrations using the standard assay procedure (IRMA) for the 
initial concentrations and the adjusted concentrations for each external BNP cali-
brator are shown in Table 3. Similar to the consistency of measured concentrations,  
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Table 3. Correlation of measured concentrations between various BNP assays and the standard assay procedure (IRMA). Meas-
ured BNP concentrations of the pooled plasma samples using commercial labs or the MI02 Shionogi® BNP were adjusted accord-
ing to the determined factors using the external BNP calibrators containing BNP-32 and/or glycosylated proBNP, and correlations 
were evaluated before and after the value adjustment. The Passing-Bablok regression analysis (x: standard assay procedure 
(IRMA)) and coefficient of determination (R2) along with p-value are presented in table cells. 

Assay Commercial lab 1 (CLIA) Commercial lab 2 (CLIA) MI02 Shionogi® BNP (CLEIA) 

Initial concentrations 
y = 0.955 x + 6.65 

(R2 = 0.994, P < 0.0001) 
y = 0.628 x + 1.19 

(R2 = 0.989, P < 0.0001) 
y = 0.799 x − 0.81 

(R2 = 0.990, P < 0.0001) 

Adjusted concentrations 
(Calibrators contain botha) 

y = 1.005 x − 0.96 
(R2 = 0.994, P < 0.0001) 

y = 0.961 x + 3.67 
(R2 = 0.988, P < 0.0001) 

y = 0.911 x + 5.49 
(R2 = 0.991, P < 0.0001) 

Adjusted concentrations 
(Calibrators contain only BNP-32) 

y = 0.733 x + 0.03 
(R2 = 0.995, P < 0.0001) 

y = 1.392 x − 13.25 
(R2 = 0.989, P < 0.0001) 

y = 0.774 x − 1.17 
(R2 = 0.990, P < 0.0001) 

Adjusted concentrations 
(Calibrators contain only glyc proBNP) 

y = 1.089 x − 2.97 
(R2 = 0.993, P < 0.0001) 

y = 0.899 x − 0.43 
(R2 = 0.989, P < 0.0001) 

y = 0.732 x + 1.30 
(R2 = 0.989, P < 0.0001) 

a: BNP-32 and glycosylated proBNP. 

 
correlations were improved after concentration adjustments based on the exter-
nal BNP calibrators containing both BNP-32 and glycosylated proBNP. 

Between-assay CVs for initial concentrations and the adjusted concentrations 
of the pooled plasma samples are shown in Table 4. We observed a significant 
reduction of the CV from 22.8% for the initial concentrations to 5.6% for the 
adjusted concentrations based on the external BNP calibrators containing both 
BNP-32 and glycosylated proBNP. 

The present study indicates that value adjustment using the external BNP ca-
librators containing both BNP-32 and glycosylated proBNP at different ratios by 
concentration level enables good comparability of measured BNP concentrations 
among different assays. Even though cross-reactivities to glycosylated proBNP 
are different among assays [23], using our new BNP calibrators, which reflect the 
abundance ratio of proBNP and its glycosylated molecular form in clinical sam-
ples, could cancel out such difference. 

In this study, we treated the new BNP calibrators as external calibrators to 
adjust the measured concentrations, the procedure for which is somewhat com-
plicated. To resolve this problem, it is possible to use the new BNP calibrators as 
internal calibrators of each BNP assay by preparing more calibrator levels, 5 for 
instance. Moreover, these new BNP calibrators can be used for quality control 
purposes and in lyophilized form to improve handling and stability. 

It is critical to consider the procedure to assign concentrations to the new 
BNP calibrators. In this study, we deemed that IRMA, which is based on the 
SHIONORIA BNP or the first commercially available BNP assay kit in the 
world, was a suitable standard assay procedure to determine the concentrations 
of the calibrators. In the same manner, accepted reference concentrations should 
be assigned using IRMA based on the SHIONORIA BNP. A problem has been 
that measured BNP concentrations are not comparable among different immu-
noassays, especially between the SHIONORIA BNP and the Biosite Triage BNP 
or the Abbott AxSYM System [30] [31]. The variety of antibodies and calibrator  
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Table 4. Between-assay CVs for initial concentrations and adjusted concentrations ac-
cording to different external BNP calibrators. The equivalence of four assays (two assays 
at commercial labs, the MI02 Shionogi® BNP, and the IRMA) was evaluated as the mean 
between-assay CV (%) for measured concentrations of the pooled plasma samples and 
adjusted according to the determined factors using the external BNP calibrators contain-
ing BNP-32 and/or glycosylated proBNP. 

External calibrator used for value adjustment Mean between-assay CV (%) (SD) 

None (initial concentration) 22.8 (4.6) 

Both BNP-32 and glycosylated proBNP 5.6 (3.9) 

BNP-32 only 31.9 (7.3) 

Glycosylated proBNP only 15.5 (2.6) 

 
materials used in the assays might be the cause of these differences. Since the 
Biosite and Abbott assays were launched in the US and Europe, comparability 
with BNP measurements in Japan and other countries was lost. Using the new 
BNP calibrators as common calibrators and assigning accepted reference con-
centrations by IRMA would harmonize BNP assay results throughout the world. 

4. Conclusion 

Circulating forms of BNP in clinical samples are diverse; however, in the current 
study, the ratios of proBNP (mainly glycosylated proBNP) to total BNP showed 
an increasing trend by BNP concentration. The new BNP calibrators we de-
signed to contain both BNP-32 and glycosylated proBNP and reflect the ratio of 
proBNP in clinical samples by increasing concentration level. Superior compa-
rability of measured BNP concentrations among assays was observed using the 
new BNP calibrators. These new BNP calibrators could be an international ref-
erence material that harmonizes BNP assay results to enhance diagnostic and 
therapeutic efficacy. 
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