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18Introduction: Osteoprotegerin (OPG), an osteoclastogenesis inhibitor implicated in bone remodelling, has
19emerged as a potential biomarker for cardiovascular disease. In order to implement OPG determination in the clin-
20ical laboratory, it is crucial to identify the most appropriate specimen type, preparation and measurement condi-
21tions. The present study focuses on identifying the pre-analytical variables that may influence OPG measurements.
22Methods: Serum and plasma (in EDTA, heparin and citrate) were collected from 45 healthy volunteers
23(men (n = 21, 46.7%), women (n = 24, 53.3%)). OPG was analysed by ELISA. The influence of the centri-
24fugation speed, the number of freeze–thaw cycles, delay in sample processing, thermo-stability and en-
25dogenous interfering agents (haemolysis, triglycerides, bilirubin, cholesterol and RANKL) were studied.
26Results: OPG concentrations were significantly lower (p b 0.0001) in serum (1015 ± 357 pg/mL) than in all
27plasma samples (1314 ± 448 pg/mL in EDTA, 1209 ± 417 pg/mL in heparin and 1260 ± 498 pg/mL in citrate).
28Increasing centrifugation speed (200 g to 3000 g) did not change serum OPG concentration (p = 0.88).
29However, OPG concentration significantly increased when centrifuged serum samples were stored at 48
30h at room temperature (p b 0.0001). Repeated freeze–thaw cycles did not modify OPG levels until 4 cy-
31cles (p b 0.0001). Increasing time before processing the samples (2 h and 6 h) raised OPG concentrations
32both at room temperature (p b 0.0001) or 4 °C (p b 0.001).
33Positive concentration-dependent interference of triglycerides was found in the analysed pooled sam-

34 ples; however, OPG concentrations were falsely diminished with haemoglobin interference. Bilirubin,
35 cholesterol and RANKL did not interfere with OPG measurements.
36 © 2014 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
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41 Introduction

42 Osteoprotegerin (OPG) is a soluble member of the tumour necrosis
43 factor (TNF) receptor superfamily, originally discovered in 1997 as an
44 inhibitor of osteoclastogenesis by two different research groups [1,2].
45 Biochemically, OPG is a basic glycoprotein composed of 380 aminoacids
46 and seven structural domains which exist as a more active monomeric
47 form (~60-kDa) and a homodimeric form [3].
48 OPG is a soluble decoy receptor for receptor activator of NF-кB ligand
49 (RANKL) to prevent binding to the receptor activator of NF-кB (RANK)
50 and as such regulates bone remodelling [4]. More recently the OPG/
51 RANKL/RANK axis has been described to also play a role in carcinogenesis,
52 cardiovascular pathophysiology, inflammation and immune response [5,
53 6]. Several studies highlight a potential role for OPG in cardiovascular
54 disease [7–9], atherosclerosis [10], plaque destabilization [11] and
55 pulmonary hypertension [12]. In addition, increased serum or plasma

56OPG concentrations have been described associated with increased
57cardiovascular risk [13], with the presence and severity of cardiovascular
58disease [14], mortality [15–17] andwith survival in idiopathic pulmonary
59arterial hypertension [18].
60Enthusiasm raised by these studies for the potential use of OPG as a
61cardiovascular disease biomarker has been hampered by differences in
62the sampling methods and reported concentrations due to the lack of
63standardization. This has made interpretation of studies complex. Stabili-
64ty of the biomarker under various conditions has not previously been
65defined and pre-analytical and analytical variables that may affect the
66analyte or the assay must be considered [19].
67Common sources of variability in clinical laboratories occur in the
68pre-analytical phase and they are related to sample collection (type of
69tube), transportation (length and environmental conditions), sample
70preparation for analysis (speed of centrifugation) and storage (length,
71temperature and freezing-thawing). Interfering substances can also be
72a significant source of error in clinical laboratory measurements and
73to date, little information exists regarding the effect of substances that
74interfere with OPG measurements.
75The aim of the present work was to provide information about fac-
76tors that may influence the concentrations of OPG by (1) comparing
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77 serum and different plasma types, (2) varying the number of
78 freeze–thaw cycles, (3) changing the centrifugation speed,
79 (4) modifying the time and temperature before processing the
80 samples, (5) studying the thermo-stability and (6) analysing en-
81 dogenous potential interfering factors (haemoglobin, bilirubin,
82 cholesterol, triglycerides and RANKL) that may affect OPG quantifi-
83 cation by enzymoimmunoassay (ELISA).

84 Methods

85 Blood samples

86 Samples were collected by veni-puncture in Vacutainer® tubes.
87 Serum and plasma (collected in citrate, EDTA and heparin) were
88 collected from healthy volunteers (N = 45, 46.7% men, median
89 age 32 (28, 38) years). All subjects were free from cardiovascular
90 disease based on the absence of history of coronary artery disease,
91 stroke or peripheral artery disease. Besides, all healthy donors did
92 not present any risk factor associated with cardiovascular disease
93 such as hypertension, diabetes, dyslipidaemia or obesity and
94 were not taking any medication. Other exclusion criteria were: pa-
95 tients with cancer, inflammatory disease, rheumatoid arthritis or
96 osteoporosis. The Local Ethics Committee approved the study pro-
97 tocol and all participants gave written informed consent.
98 All samples were obtained in the same standard operating proce-
99 dure. The extraction was performed by three trained nurses with
100 experience and according to the guidelines established in our labora-
101 tory that it is accredited by the Joint Commission International. Sam-
102 ple extraction and preparationwere supervised by Dr. Pérez de Ciriza
103 to ensure standards and reproducibility was maintained throughout
104 the whole pre-analytical and analytical process. Serum samples were
105 allowed to clot for 30 min before centrifugation.
106 Unless otherwise stated, samples were centrifuged 2500 g for
107 7 min before storage. To reduce analytical variation, all samples
108 were kept at −20 °C prior to analysis and analysed in the same
109 run with the same lot of reagents and standards. Other conditions
110 were studied in serum samples; each condition was assayed in a
111 subsample of donors (N = 7).

112 Influence of sample preparation on OPG concentration
113 To determine the stability of OPG under several freeze–thaw cycles,
114 OPG concentrations were measured immediately, or after one, two,
115 three or four freeze–thaw cycles.
116 To determine the influence of centrifugation on OPG concentration
117 replicate samples were centrifuged for 7 min at increasing speeds:
118 200 g, 400 g, 1000 g, 2000 g, 2500 g and 3000 g.
119 To evaluate how the time elapsed from blood collection to sample
120 preparation influenced serum OPG levels, serum samples were centri-
121 fuged after 30 min, 2 h or 6 h of storage at room temperature or at
122 4 °C prior to measurement of OPG concentration.
123 Finally, to evaluate the stability of OPG in isolated serum, serumwas
124 maintained for 6, 24 or 48 h at room temperature or 4 °C after centrifu-
125 gation prior to assaying for OPG concentration.

126 Analytical interferences on OPG measurement
127 Analytical interference of endogenous substances that can be found
128 at high levels in human specimens such as haemoglobin, cholesterol, tri-
129 glycerides, bilirubin and RANKL was subsequently determined in the
130 OPG assay.
131 All the analytical interference studies were performed in serum
132 pools from healthy volunteers (n = 20) as previously described [20].

133 Haemoglobin. For the haemoglobin assay two different protocols
134 were used: 1) EDTA samples from healthy volunteers were used
135 to prepare an erythrocytes lysate. Plasma was removed and cells
136 washed twice using sodium chloride 0.9%. Supernatants were

137discarded after centrifugation and the cells were frozen at
138−80 °C, and thawed twice to lyse cells. After centrifugation,
139haemoglobin concentration was measured in an ABX Pentra 60
140(Horiba ABX Diagnostics). Haemoglobin concentration was adjust-
141ed in the pool sample (level 5: 20 g/dL (12.4 mmol/L)) using the ly-
142sate. 2) Two 10 mL serum tubes were drawn from the same patient
143(n = 3). One was centrifuged at 2500 g for 7 min, serum removed
144and frozen at −20 °C until analysis. The other tube was frozen at
145−80 °C and thawed twice and vortexed to induce haemolysis.
146Haemoglobin concentration was measured and adjusted in the
147pool sample (level 5: 10 g/dL (6.2 mmol/L)) using the lysate.

148Bilirubin, cholesterol, triglycerides and RANKL. Pool assay samples
149were kept frozen until analysis and supplemented with either
150exogenous bilirubin (Sigma, reference 14370, 0.4 to 14.7 mg/dL (6.84
151to 251.4 μmol/L)), cholesterol (Acofarma, reference C27H460, 178 to
152408 mg/dL (4.6 to 6.5 mmol/L) or RANKL (Biomedica, reference
153BI-20452, human recombinant sRANKL, 20 KDa, 0 to 8 pg/mL). A pool
154containing high triglyceride concentrations was used. Triglyceride con-
155centration aswell as cholesterol and bilirubin in the pool was quantified
156by standard laboratory techniques in a Cobas 8000 analyser (Roche).
157Concentrations of all the interfering agents are summarised in
158Table 1.
159A stock solution of each potential interfering agent was prepared
160using commercial reagents or serum containing high concentration of
161the agent as described above. Commercial reagents were dissolved ac-
162cording to their solubility. All solvents were tested before and a variabil-
163ity of less than 8% was considered adequate (data not shown). The
164concentration of all tested substances was determined in the control
165pool. Haemoglobin concentration was considered null in the level 1
166sample.
167Each concentration of each interfering agent was analysed three
168times together and in the same analytical run. Samples were analysed
169in random order to prevent carry-over or any systematic drift effects.

170OPG measurement
171Plasma and serum OPG were measured by enzyme linked immuno-
172sorbent assay (ELISA, R&D Systems, Duoset DY805) according to the
173manufacturer's instructions. In short, Maxisorp plates (Nunc Inc.)
174were coated overnight at room temperature with anti-human OPG an-
175tibody. Unbound antibody was washed away with 0.05% Tween 20 in
176PBS. Then, plates were blocked with 1% bovine serum albumin (BSA)
177in PBS for 1 h at room temperature. After washing, samples were
178added and incubated 2 h at room temperature. Afterwashing to remove
179unbound antibody, the biotinylated antibody was added and plates
180were incubated for a further 2 h. After further washing, streptavidin
181conjugated to horseradish peroxidase was added and plates were incu-
182bated 20 min at room temperature. After incubation, the optical density
183wasmeasured at 450 nm. All the process was performed in an automat-
184ed ELISA processor TRITURUS (Grifols) to reduce the variability and to

t1:1Table 1
t1:2Concentration of the interfering agents.

Interferent Level 1 Level 2 Level 3 Level 4 Level 5 t1:3

Bilirubin (μmol/L) 6.8 68.4 130 190 251.4 t1:4

(mg/dL) 0.4 4.0 7.6 11.1 14.7 t1:5

Cholesterol (mmol/L) 4.6 6.1 7.6 9.1 10.6 t1:6

(mg/dL) 178 235 293 350 408 t1:7

Haemoglobin (mmol/L)
POOL samples

0 3.1 6.2 9.3 12.4 t1:8

(g/dL) 0 5 10 15 20 t1:9

Haemoglobin (mmol/L)
Individual samples

0 1.55 3.1 6.2 9.3 t1:10

(g/dL) 0 2.5 5 7.5 10 t1:11

Triglycerides (mmol/L) 0.86 2.1 4.17 4.88 6.22 t1:12

(mg/dL) 76 190 314 432 551 t1:13

RANKL (pg/mL) 0 1 2 4 8 t1:14
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