IZVIRNI CLANEK/ORIGINAL ARTICLE

' Gimnazija in
ekonomska srednja Sola
Trbovlje

% Katedra za klini¢no
biokemijo, Fakulteta za
farmacijo, Ljubljana

3 Oddelek za nefrologijo,
Univerzitetni klini¢ni
center Maribor, Maribor

4 Center za dializo,
Splosna bolniSnica
Trbovlje

> Enota za laboratorijsko
diagnostiko, Splosna
bolniSnica Jesenice,
Titova cesta 112, 4270
Jesenice

Korespondenca/

Correspondence:
doc.dr. lvica Avbersek-
LuZnik, mag. farm., spec.
med. biokem.

Enota za laboratorijsko
diagnostiko, SploSna
bolnisnica Jesenice,
Titova cesta 112,

4270 Jesenice
e-naslov: ivica.
avbersekluznik@gmail.
com

Kljuéne besede:
hemodializni bolniki,
zdravljenje s kalcitriolom,
imunoanalize za
osteokalcin

Intact or N-MID osteocalcin assays
for assessment of bone formationin

hemodialysis patients?

Intaktna ali N-MID-OC-osteokalcin metoda za oceno
tvorbe kosti pri hemodializnih bolnikih?

Darja UZzmah,* Janja Marc,? Breda Pecovnik Balon,® Anton Adamlje,*

Ivica Avbersek-Luznik®

Izvleéek

Izhodis¢e: Osteoklacin (OC) je nekolageni pro-
tein kostnega matriksa, ki se diagnosti¢no upo-
rablja kot neinvazivni kazalec tvorjenja kosti. V
krvnem obtoku se nahaja v obliki intaktne mo-
lekule in manjsih fragmentov. Za dolocanje nje-
gove koncentracije v serumu uporabljamo dve
metodi, ki se razlikujeta po protitelesih, ki lahko
zaznajo intaktno molekulo OC ali pa samo njen
N-terminalni fragment (N-MID- OC). V razi-
skavi smo zeleli ugotoviti, ali omenjeni metodi
dajeta primerljive rezultate.

Metode: V raziskavo smo vkljucili serumske
vzorce 102 bolnikov, ki so se zdravili s hemodia-
lizo (HD). 26 bolnikov se je zdravilo s kalcitrio-
lom, ostalih 76 pa ne. Povpre¢na starost bolnikov
je bila 60 let, vzroki za kroni¢no ledvi¢no odpo-
ved so bili: diabeti¢na nefropatija (27), kroni¢ni
glomerulonefritis (31), policisti¢ne ledvice (26)
in drugo (18). V serumskih vzorcih HD bolnikov
smo izmerili koncentracije OC, pre¢nih pove-
zovalcev kolagena (CTx) in paratiroidnega hor-
mona (PTH). Koncentracije OC smo dolocali z
metodama intact-OC in N-MID- OC. Primerjali
smo rezultate obeh metod in ocenili povezanost
OC s CTx in PTH. Za statisticno analizo smo
uporabili statisticni program SPSS za okolje
Windows.

Rezultati: Pri celotni skupini HD bolnikov so
bile serumske koncentracije N-MID-OC 10,6-
krat vi$je od intact-OC. Koncentracije N-MID-
-OC in inact-OC se niso znacdilno razlikovale
med bolniki, ki so prejemali kalcitriol in tistimi,

ki ga niso. Korelacija med rezultati obeh metod
je bila visoka (r=0,702, p< 0,001).

Zakljucki: Razlike med koncentracijami OC,
izmerjenimi z metodoma intact-OC in N-MID-
-OC, so bile statisti¢no znacilne, vendar so dobro
korelirale, zato ocenjujemo, da je njuna klini¢na
uporabnost primerljiva.

Abstract

Background: Osteocalcin (OC) is a non-colla-
gen bone matrix protein that is used as a non-
invasive marker of bone formation. It is present
in the circulation as an intact molecule and as
fragments. The two known methods for OC
determination in serum samples differ in the
detection antibodies for an intact OC molecule
and its N-terminal fragment. The aim of our
study was to find out if these two methods give
comparable results.

Methods: 102 serum samples of hemodialysis
patients were analyzed. While 26 patients were
receiving calcitriol treatment, the remaining 76
patients were not. The average age of patients
was 60 years. The causes of chronic renal failure
were: diabetic nephropathy (27), chronic glo-
merulonephritis (31), polycystic kidney (26), and
other (18). OC levels, B-CrossLaps (CTx) and
parathyroid hormone (PTH) were measured. Se-
rum levels of OC were determined by intact-OC
and N-MID-OC methods. Following the com-
parison of results, we assessed the relationships
between OC, CTx, and PTH. SPSS 12.1 for Win-
dows was used for statistical analysis.
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Figure 1: Intact
osteocalcin and its main
fragments in serum.
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Results: Serum levels of N-MID-OC were 10.6-
fold higher than intact-OC. N-MID-OC and
intact-OC levels did not differ between patients
with and without calcitriol therapy. The results
of both methods correlated well (r=o0.702,
p <o0.001).

Conclusions: The differences between osteocal-
cin serum levels assessed by intact-OC and N-
MID-OC methods were statistically significant.
However, their correlation was good, so we can
conclude that their clinical application is com-
parable.

Introduction

Osteocalcin (OC) is a noncollagenous
protein secreted by osteoblasts, osteocytes,
and odontoblasts' and thus reflects osteobla-
stic function®. Serum OC has demonstrated
clinical utility as a biomarker of bone forma-
tion. In a review by Camachio PM and Lo-
pez NA?®, the measurement of bone turnover
markers was recommended in the manage-
ment of postmenopausal osteoporosis. The
authors implied that turnover markers are
a potential non-invasive, but reliable way of
assessing skeletal activity after antiresorpti-
ve or anabolic therapy. Other authors* pro-
ved OC to be a valuable non-invasive index
of metabolic bone disease in hemodialysis
(HD) and/or in continuous ambulatory pe-
ritoneal dialysis patients. However, there are
also limitations to the clinical usefulness
of OC, such as short-term and long-term
analyte instability, in addition to non-speci-
ficity. It is also worth mentioning that oste-
oblasts synthesize only intact OC which is
secreted as a mature protein and stored mo-
stly in the extracellular bone matrix. Only a
small amount of OC is released into the blo-
od stream. It has been confirmed that circu-
lating OC is linked to changes in bone tur-

nover rate during metabolic disorders such
as osteoporosis, Paget’s disease, and renal
osteodystrophy. Despite the proteolytic de-
gradation, both intact and fragmented OC
can be identified in the patients’ serum (Fi-
gure 1). One third of OC forms are present
as intact OC molecule (aminoacids 1-49),
one third as the N-terminal - MID fragment
(aminoacids 1-43) and the last third as the
C-terminal fragment (aminoacids 44-49).
Various smaller fragments (aminoacids
1-19, 20-43) can also be present. OC fra-
gments produced in various bone diseases
may interfere with many existing assays. Be-
cause a variety of OC fragments are present
in HD patients’, we designed a short study
of two OC assays that may yield different re-
sults. The study was carried out using sera of
102 HD patients.

The complex pathophysiology of bone
and mineral metabolism in HD patients is
fully influenced by oral calcitriol therapy for
lowering PTH levels (K/DOQI Guideline
8B, 1a, p.593). The results of in vitro studi-
es showed that the amount of osteocalcin
is increased in the presence of small doses
of calcitriol® and parathyroid hormone’. In
HD patients the coexistence of both condi-
tions, i.e. PTH secretion disturbances and

Intact osteocalcin

N-MID fragment

C-terminal fragment

N-terminal fragment

MIG fragment
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Figure 2: Correlation of
intact and N-MID-0C in
HD patients (r=0.702,
p<0.05).
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calcitriol substitution, influence OC-pro-
duction and consequently its serum levels.
Therefore, the aim of our study was to ascer-
tain if intact OC (i-OC) and N-MID-fra-
gment (N-MID-OC) assays give comparable
results, and to elucidate the differences in se-
rum levels of OC determined by both assays
in HD patients. Because calcitriol influences
OC serum levels, we formed two groups of
patients: those receiving calcitriol therapy,
and those without treatment.

Table 1: General charasteristics of HD patients.
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Materials and methods

Patients

102 HD patients (age 60.1t12.0 years)
were enrolled in the study. Terminal chronic
renal failure was caused by various kidney
diseases: diabetic nephropathy (27 patients),
chronic glomerulonephritis (31 patients),
polycystic kidney disease (26 patients), and
unknown disorders (18 patients). The pati-
ents had been treated with bicarbonate-con-
tainig dialysis solution, calcium and glucose
concentrations being adjusted to the needs
of dialysis. All patients were receiving pho-
sphate-binding agents. In addition to that,
26 patients were receiving calcitriol treat-
ment (subgroup 2) while the remaining 76
patients were not (subgroup 1). Residual
renal function was present in 32 patients, its
mean rate was 0.05 + 0.03 ml/s/1.73 m> The
study was approved by the Slovenian Ethics
Committee for Research in Medicine. Infor-
med consent was obtained from all partici-
pants.

Sample collection

Patients underwent HD sessions three
times a week: on Mondays, Wednesdays,
and Fridays. Blood sampling was performed
shortly prior to a dialysis session, exactly 72
h after the previous session. Venous blood
was drawn into Vacutainer tubes (Becton
Dickinson, Rutherford, USA). The collected
samples were left to clot for 30 min at room
temperature. Aterwards they were centri-
fuged, aliquoted, and stored at -70°C for 3
months until assay.

_ HD patients Subgroup 1 Subgroup 2

Number

Age (years) 60.1+12.0
Males/Females 52/50

HD (months) 38 (4-384)
CaxP (mmol?/1?) 3.99+0.34

Subgroups 1 and 2: HD patients without and with calcitriol therapy.

59.7+13.3 60.1+12.9
36/40 16/10

35 (6-240) 42.5 (4-384)
3.96+0.36 4.02+0.21
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Figure 3: Correlation of
intact and N-MID-0C
in Subgroup 2 (r=0.817,
p<0.001).
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The serum levels of intact OC and N-
-MID-OC, CTx, and intact PTH were me-
asured.

Intact OC

Serum levels of iOC were measured using
a two site chemiluminiscent immunometric
assay (Immulite 1000 Osteocalcin, DPC, Los
Angeles, CA, USA). This assay employs rat
monoclonal antibodies against the C-termi-
nus of the OC molecule and conjugated goat
polyclonal antibodies against the N-termi-
nus of the OC molecule. The intra- and in-
ter-assay CV's were 3.9 % and 5.9 %, respecti-
vely. The expected values for healthy adults
were in the range of 3.1 to 13.7 pg/L.

N-MID-0C

Serum levels of N-MID-OC were deter-
mined using the Elecysis N-MID-OC assay
kit (Roche Diagnostics GmbH, Mannheim,
Germany), which employs two monoclonal
antibodies directed against epitopes on the
N-midfragment and the N-terminal fra-
gment of the OC molecule. The test does
not depend on the unstable C-terminal fra-
gment (amino acids 43-49) of the OC mo-
lecule, which ensures easy sample handling.
Briefly, 20 microliters of serum sample was
added to a biotinylated monoclonal OC-
-specific antibody and then to a monoclo-
nal OC antibody labelled with ruthenium
complex. The reaction mixture was added
to streptavidin-coated microparticles and
aspirated into the measuring cell, where the
microparticles were magnetically captured
onto the surface of the electrode. After un-
bound substances had been removed with
ProCell, a voltage was applied to electrode to
induce chemiluminiscent emission. The lu-
minescence was captured by photomultipli-
er and the results quantified on the basis of
the calibration curve. The intra- and inter-
-assay CV's were 3.0 % and 4 %, respectively.
The expected median value for healthy men
aged from 50 to 70 years was 24 ug/l, range:
14.0-46.0 ug/l.

B-crosslaps (CTx)

The bone resorption marker serum
B-CrossLaps was measured using the Ele-
cysis 2010 analyzer (Roche Diagnostics
GmbH, Manheim, Germany) with an in-
tra- and inter-assay CVs of 4.6 % and 4.7 %,
respectively. The expected values for healthy
men aged from 50 to 70 years were 0.104 to

0.504 pg/l.

Table 2: Serum concentrations of bone markers and PTH in HD patients.

N-MID-0C (ug/l)
i-OC (pg/l)

CTx (ug/l)

PTH (pmol/l)

224.8 (8.3 -371,6)
21.2 (2.7-66.3)
1.845 (1.107 - 3.015)
22.3(11.1-39.4)

Data are presented as median and range.

193.7 (8.3 - 362.6) 271.7 (22.6 — 371.6)

20.2 (2.7 -64.4) 23.8 (15.3-66.3)
1.805 (1.103 - 3.078)

21.8 (9.25-39.5)

1.905 (1.128 — 2.858)
247 (17.9-39.2)
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Figure 4: Correlation of ~ Intact PTH

intact and N-MID-OC in
Subgroup 1 (r=0.695,
p<0.001).

Intact PTH was determined using Im-
mulite DPC assay kit (Los Angeles, USA).
This assay recognizes intact PTH and very
large degradation fragments of PTH. CVs
for intra- and inter-assay were less than 8 %.
The expected values for healthy adults are in
the range 0f 1.68 to 9.16 pmol/l.

Statistical analysis

All data are presented as medians and
ranges, unless otherwise indicated. Since
all serum markers were not normally di-
stributed, the differences between groups
were analyzed by Kruscal Wallis test and re-
lationships between markers by Spearman’s
correlation method. The value of p<o.o5
was considered statistically significant. All
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statystical analyses were performed using
statystical software package SPSS 10.1. for
Windows (SPSS Inc. Chicago, USA).

Results

Comparison of OC levels determined
by i-OC and N-MID-0OC assays

Key characteristics of HD patients are
given in Table 1. There were no statistically
significant differences in age, gender distri-
bution, and duration of hemodialysis bet-
ween calcitriol-treated and non-treated HD
patients. Biochemical parameters including
serum i-OC, N-MID-OC, CTx, and PTH
levels are reported in Table 2. Median levels
of N-MID-OC were 10.6-fold higher than
i-OC levels. Serum CTx and plasma PTH
were both elevated above the normal range.
No significant changes in bone markers bet-
ween both groups were found.

Correlation studies

Linear correlation between i-OC and
N-MID-OC is shown in Fig.2. This com-
parison yields a regression equation of
y=12.63 + 0.09x . The correlation is signifi-
cant (r=o0.702; p<o0.0001). In the subgro-
ups of HD patients the correlation factor be-
tween both assays was found to be higher in
the calcitriol-treated subgroup 2 (r=0.817) in
comparison to the non-treated subgroup1
(Figures 3 and 4).

For further investigation of both assays,
we assessed the correlation of OC with CTx
and PTH. The results are shown in Table 3.
Intact OC levels and N-MID-OC correlated
significantly with both markers. In the su-
bgroup 1 we also found a significant corre-

Table 3: Spearman’s correlation results for the whole group of HD patients.

N-MID-0C (ug/l)

i-OC (ug/l) 0.702 *
CTx (ug/L) 0.720 *
PTH (pmol/l) 0.558 *

*p<0.05

0.779*

0.589* 0.586 *
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Table 4: Spearman's correlation results in the subgroups of HD patients

N-MID-0C (ug/l)

i-OC (pg/l) 0.695 *
CTx (ug/l) 0.739*
PTH (pmol/l) 0.600 *

N-MID-0C (ug/L)

i-0C (ug/L) 0.817 *
CTx (ug/L) 0.672*
PTH (ug/L) 0.310

*p<0.001, *p<0.05

lation between all markers. In the calcitriol
treated subgroup 2, there was a significant
correlation with CTx, but not with PTH.
Intact OC correlated with CTX even better
(r=0.732) than N-MID-OC (r=0.672). Cor-
relation results of subgroups are shown in
table 4.

Discussion

The present study demonstrates that the
results of i-OC and N-MID-OC assays are
statististicaly different, but comparable eno-
ugh to be used in the assessment of metabo-
lic bone disorders in HD-patients with rela-
tion to CTx and PTH concentrations.

Many immunometric assays have been
used to assess OC-levels in various pati-
ents.'”'® These assays have provided diffe-
rent results because of assay limitations and
various circulating fragments, which are
present in extremely high amounts in HD-
-patients who have very low renal clearance.
Assay limitations depend on their non-spe-
cificity and molecular instability. The use
of an appropriate OC assay might improve
patient care. We measured OC serum levels
in a group of HD-patients by i-OC and N-
-MID-OC assays. Both of them have their
own advantages and limitations, which are
associated with detection antibodies that
can recognize different epitopes on the OC
molecule and/or OC degradation products.
The i-OC assay recognizes the whole OC

0.791°*

0.622* 0.605 *
0.732°*

0.357 0.443 **

molecule, while the N-MID assay detects
the N-MID fragment (aminoacids 1-43).
Careful handling of samples after collection
is of utmost importance for both assays and
was given special attention in our study.

The levels of N-MID-OC were 10.6-fold
higher than i-OC levels because a large part
of intact OC is degraded by proteolytic enzy-
mes in the blood. Our results are consistent
with those of Nagasue et al°.This difference
can also be explained by different stability of
the two forms of OC (i-OC, N-MID-OC) in
vivo. Nagasue et al® have established that the
intact molecule of OC is very unstable in the
human serum. They had determined experi-
mentally that serum N-MID-OC concentra-
tions did not decrease significantly during
12h incubation period at room temperature,
whereas serum i-OC decreased significantly
after only 1 hour of incubation. By ensuring
equal conditions for sample collection and
storage for both assays, we eliminated the
influence of this factor. The differences in
measured values must therefore be attribu-
ted to other factors.

For further investigation we examined
correlations between i-OC and N-MID-OC,
CTx and PTH in relation to calcitriol the-
rapy. Intact OC correlated well with serum
N-MID-OC levels (r=0.817; p< 0.001), so we
concluded that clinical applications of these
two assays are comparable in HD patients. As
osteocalcin gene is one of the target genes of
vitamin D receptor, calcitriol directly regu-
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lates the osteocalcin synthesis at DNA level.
Carvallo et al'® showed that in vivo synthe-
sised calcitriol stimulates OC-gene expressi-
on and consequently increases endogenous
synthesis of OC in osteoblasts. Miki et al'’
showed that small doses of calcitriol also sti-
mulate the synthesis of OC. In our HD pa-
tients treated with calcitriol, the concentra-
tions of i-OC and N-MID-OC were greater
than in the non-treated group. N-MID-OC
is increased more than i-OC (40 % vs. 17 %,
respectively). This could mean that N-MID-
-OC assay is more sensitive for the detecti-
on of increased OC levels due to calcitriol
intake. The levels of CTx and PTH did not
show a significant decrease associated with
calcitriol therapy. PTH is known as a stimu-
lator of bone resorption in uraemic patients
and a potential stimulator of OC synthesis.
Our results have confirmed those of Samad-
fam et al '®. In calcitiol treated group we did
not find a correlation between OC and PTH.
The effect of both, calcitriol and PTH on OC
synthesis is not synergistic; calcitriol dimi-
nishes PTH in vivo and consequently decre-
ases OC synthesis. So OC levels might be an
indicator of calcitriol therapy effectiveness.
If OC levels are not increased significantly,
the treatment with calcitriol might be less
successful.

In conclusion, although we found that se-
rum OC concentrations measured by i-OC
assay and N-MID-OC assay differed signifi-
cantly, their clinical applications are compa-
rable. Furthermore, our results suggest that
calcitriol treatment increases OC synthesis.
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