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Serum sclerostin levels in Paget's disease and prostate cancer with bone metastases
with a wide range of bone turnover☆
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Evidence has been accumulating for the role of osteocytes as key players in the regulation of bone
remodeling. One of the main products of these cells, sclerostin, inhibits bone formation and may also
stimulate bone resorption. Circulating sclerostin has been evaluated in humans, but data are scarce in
patients with different rates of bone turnover. To address this issue we evaluated serum sclerostin levels
in patients with Paget's disease of bone (PD) and in patients with prostate cancer metastatic to the
skeleton (PC).
Sclerostin levels were measured in 88 patients with PD, 20 patients with PC and 237 healthy individuals (113
men and 124 women, aged 20 to 77 years). Bone turnover was evaluated by measuring serum levels of
procollagen type 1 amino-terminal propeptide (P1NP) in all individuals studied and β-carboxy-terminal
cross-linking telopeptide of type I collagen (β-CTX) only in patients. Patients were aged between 45 and
88 years and had a wide range of bone turnover: serum P1NP 9.2 to 1872 ng/ml and β-CTX 50 to 3120 pg/
ml. Patients with PD and with PC had significantly higher mean serum sclerostin levels (53.1±22.7 pg/ml
and 56.6±25.8 pg/ml, respectively) compared to healthy controls (38.1±12.1 pg/ml) (pb0.001). Serum
sclerostin levels were significantly correlated with P1NP in all (n=345) studied subjects (r=0.32,
pb0.001). Circulating sclerostin levels are significantly increased in patients with increased bone turnover,
regardless of underlying pathology. These increased levels may be due to a compensatory response to the
increased number of osteoblasts at affected skeletal sites and may contribute to the increased bone
resorption in patients with PC .

© 2012 Elsevier Inc. All rights reserved.
Introduction

Osteocytes are former osteoblasts embedded in lacunae of the
mineralized bone matrix . Over the last decade evidence has unfolded
about the critical role of these abundant bone cells as orchestrators of
bone remodeling through regulation of both osteoblast and osteoclast
activity, and as endocrine regulators of phosphate homeostasis [1].
Osteocytes communicate with each other and with other cellular
components of bone through an extensive network of cytoplasmic
processes, thereby fine tuning the differentiation and function of
these cells.
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One of the main secreted products of osteocytes, sclerostin, is
solely expressed by mature cells and is considered a major negative
local regulator of bone formation [2,3] . This takes place primarily
through binding with the low-density lipoprotein receptor-related
protein 5 and 6 (LRP5/6) co-receptors and consequently inhibiting
the canonical Wnt signaling pathway [4,5]. Sclerostin has attracted
much attention over the last few years due to its implication in the
pathogenesis of two rare skeletal disorders characterized by substantial
increase in bone mass, sclerosteosis and van Buchem disease [6–9]. In
addition, suppression of sclerostin production is, at least partly,
responsible for the anabolic effect of mechanical loading and PTH on
bone [10–12].

Apart for its well documented role as an inhibitor of bone
formation, sclerostin is also involved in the regulation of bone
resorption. Recent evidence indicates that osteocytes are the main
source of RANKL in the skeleton [13,14] and that sclerostin promotes
osteoclast formation and activity by osteocytes in a RANKL-dependent
manner [15]. Moreover, a neutralizing antibody against sclerostin
increased significantly the rate of bone formation in animal models
while it did not change or decreased bone resorption, assessed
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Table 1
Demographic characteristics and baseline laboratory values of patients and controls.

Paget's disease
of bone

Metastatic
prostate cancer

Controls Reference
range

Number 88 20 237 -

Male : female 55:33 20:0 113:124 -
Age (yrs) 67.4±10.6 71.1±7.3 60±11.3 -
BMI (kg/cm2) 27.6±4.1 26.4±3.7 25.1±4.3 -
P1NP (ng/ml) 158±235 511±441 35.6±12.7 b65
ALP (U/l) 196±248 834±900 65.3±16.31 40 – 120
β-CTX (pg/ml) 498±330 1,275±806 - b590
Calcium (mmol/l) 2.37±0.14 2.26±0.12 2.27±0.081 2.15 – 2.55
Phosphate (mmol/l) 1.05±0.17 1.09±0.27 1.07±0.151 0.90 – 1.50
Creatinine (μmol/l) 88.4±13.5 81.2±16.6 77±15 44 –120
25-OHD (nmol/l) 58.6±28.6 55.3±24.9 - >50
PTH (pmol/l) 6.6±3.6 5.0±1.6 - 1.5-8.0

1 Values obtained in a subset of the cohort (LUMC).
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histomorphometrically [16,17]. Finally, in a phase 1 clinical trial a
single parenteral administration of an antibody to sclerostin led to
a rapid and dose-dependent increase in serum P1NP and decreased
serum CTX [18].

To obtain more insight into the relationships between sclerostin
and bone remodeling in humans, we evaluated serum sclerostin levels
in patients with Paget's disease of bone, characterized by predominantly
increased bone resorption, at different stages of disease activity, and
in patients with prostate cancer metastatic to the skeleton mainly
characterized by increased bone formation, at different degrees of
skeletal involvement.

Material and Methods

Study population

Eighty eight patients with biochemical, radiological and scintig-
raphic evidence for Paget's disease of bone and 20 patients with
histological and scintigraphic evidence for prostate cancer metastatic
to the skeleton, whowere under regular control in the Outpatient Clinic
of the Department of Endocrinology and Metabolic Diseases of the
Leiden University Medical Center were included in the study. Exclusion
criteria were impaired renal function (serum creatinine >120 μmol/l),
impaired liver function, or the presence of diseases known to increase
bone turnover other than Paget's disease of bone and prostate cancer.
Stored at −80 °C and previously unthawed serum samples were
measured for sclerostin, the bone formation marker procollagen
type 1 amino-terminal propeptide (P1NP) and the bone resorption
marker β-carboxy-terminal cross-linking telopeptide of type I collagen
(β-CTX).

Subject characteristics

Of the 88 patients with Paget's disease of bone, 47 had monostotic
(predominantly pelvis) and 41 had polyostostic disease (ranging
from 2 to 8 affected skeletal sites). Twenty four patients were
treatment–naïve at the time of sampling and 64 had been previously
treated with one or more (median 2) courses of bisphosphonates
[short courses of intravenous pamidronate (45), olpadronate (46),
EB-1053 (4) and zoledronate (1); monthly courses of oral
olpadronate (3) , oral etidronate (8) ]. Twenty eight of these patients
had received treatment within the last 4 years, and 36 received their
last course of treatment more than 5 years before the time of
sampling (range 5 to 25 years). All patients with metastatic prostate
cancer were androgen-deprived and bisphosphonate-treatment
naïve at time of sampling.

Serum sclerostin levels obtained from patients were compared
with those obtained from two cohorts of healthy individuals, who
were used as controls. The first, previously described, cohort
consisted of 72 healthy volunteers, 29 males and 43 females, with a
mean age of 50.4 years (range: 20–77 years) [19] . The second cohort
consisted of 165 healthy individuals, 84 males and 81 females, with a
mean age of 65.1 years (range 63–68 years) studied in collaboration
with the Division of Bone Diseases of the University of Geneva [20].
All subjects had normal renal function and serum P1NP values
below 65 ng/ml.

The study was approved by the Medical Ethics Committees of the
Leiden University Medical Center and the Geneva University
Hospitals and informed consent was obtained from all participants.

Biochemical assays

Serum calcium, phosphate and creatinine were measured by semi-
automated techniques. Serum alkaline phosphatase activity (ALP)
was measured using a fully automated P800 modulator system
(Roche BV) and 25-hydroxyvitamin D (25-OHD) by the Liason 25-
OHD assay (DiaSorin SA). Plasma PTH was measured by Immulite
2500 (Siemens Diagnostics). Serum P1NP and β-CTX were determined
using the E-170 system (Roche BV).

Sclerostin assay

Sclerostin was measured in serum by an electrochemiluminescence
assay (MSD 96-well MULTI-ARRAY Human Sclerostin Assay,
Gaithersburg, MD, USA), as previously described [21]. In brief, the
sclerostin standard for the assay was produced in an NS0-derived
myeloma cell line, and was checked for purity by SDS–PAGE gel with
silver stain. The intra- and inter–assay coefficients of variation were
6% and 10% respectively. The detection limit of the assay was 1 pg/ml,
and the detection range was 1–10,000 pg/ml. Using this assay,
sclerostin was detected in the serum of all healthy subjects and was
undetectable in the serum of 19 patients with sclerosteosis [21].

Statistical analysis

Data are expressed as mean±Standard Deviation (SD). Normality
of distribution was assessed by Kolmogorov–Smirnov test and log-
transformation of data was applied for non-normally distributed
variables. Student's t-test for independent samples or One-way
ANOVA was used for differences between groups, as applicable.
Pearson's x2 test was applied to explore associations between
sclerostin values and bone markers in serum. A probability level of
random difference of 0.05 was considered significant. Data were
analyzed using SPSS 16.0 (SPSS Inc., Chicago, IL, USA).

Results

The patient population studied consisted of 108 subjects (75 men
and 33 women) with a mean age of 68.1 years (range 45 to 88 years).
Demographic characteristics and laboratory values are shown in
Table 1. As intended by study design, there was a wide range of
bone turnover within the patient population, with serum P1NP
ranging from 9.2 to 1872 ng/ml (mean 223.3 ng/ml) and β-CTX
ranging from 50 to 3120 pg/ml (mean 642.0 pg/ml) (Fig. 1). There
was a significant correlation between serum levels of β-CTX and
P1NP in the whole patient population studied (r=0.78, pb0.001),
as well in the two separate patient groups (Paget's disease of bone:
r=0.69, p=b0.001, bone metastatic disease: r=0.86, pb0.001).

Circulating sclerostin levels

In patients, mean serum sclerostin level was 53.8 pg/ml (range
11.9 pg/ml to 135.2 pg/ml) and was significantly higher (pb0.001)
than the mean value of sclerostin of all 237 healthy controls
(38.1 pg/ml; range 12.4 pg/ml to 80.1 pg/ml) (Fig. 2). In both patients



Fig. 1. Serum levels of P1NP and CTX in patients with Paget's disease of bone, and
prostate cancer with bone metastasis. Open circles Paget's disease of bone, closed
circles bone metastatic disease from prostate cancer. (r=0.78, pb0.001).

Table 2
Serum sclerostin in healthy individuals and patients with Paget's disease and prostate
cancer matastatic to bone.

Subjects all >65 years men men >65 years

Healthy 38.1±12.1 38.3±9.9 40.2±12.5 39.8±10.2
(n=237) (n=102) (n=113) (n=55)

Paget's disease 53.1±22.7* 53.5±25.3* 55.4±24.1* 55.8±27.6**
(n=88) (n=54) (n=55) (n=33)

Prostate cancer 56.6±25.8** 54.9±22.8** 56.6±25.8** 54.9±22.8***
(n=20) (n=16) (n=20) (n=16)

*pb0.001 **pb0.01 ***p=0.019, compared to healthy subjects.
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and healthy individuals there was no correlation between serum
sclerostin levels and age.

Paget's disease of bone

In patients with Paget's disease sclerostin levels ranged from 11.9
to 135.2 pg/ml , with the mean level being significantly higher than
that of healthy controls (53.1 pg/ml vs 38.1 pg/ml respectively,
pb0.001). Because of the predominance of elderly men in the Paget's
cohort, results were also analyzed according to gender and age
(younger or older than 65 years). Results showed that the difference
in sclerostin values remained robust (Table 2). There was no
significant difference in mean levels of sclerostin between previously
bisphosphonate-treated and bisphosphonate-treatment naïve patients
(55.2 pg/ml vs. 47.5 pg/ml respectively, p=0.16), while these were
higher in patients with polyostotic compared to monostotic disease
(59.0 pg/ml vs. 48.1 pg/ml, p=0.024).

Prostate cancer metastatic to the skeleton

In patients with prostate cancer metastatic to the skeleton serum
sclerostin levels ranged from 19.4 pg/ml to 120.5 pg/ml, with a mean
level significantly higher than that of healthy controls (56.6 vs.
Fig. 2. Serum sclerostin levels in healthy subjects, and patients with Paget's disease of
bone, and prostate cancer with bone metastasis. *: pb0.01.
38.1 pg/ml, respectively, p=0.005). This difference remained
significant when values of patients were compared to those of healthy
males or healthy males older than 65 years (Table 2). There was no
difference in mean sclerostin levels between patients with prostate
cancer metastatic to the skeleton and those with Paget's disease of
bone (p=0.55).

Relationship between sclerostin levels and biochemical markers of
bone turnover

There was a significant relationship between serum sclerostin and
serum P1NP in all studied subjects (n=345, r=0.32, pb0.001). In
patients with Paget's disease alone, there was no relationship
between serum sclerostin and P1NP levels (r=0.08, p=0.45) In
contrast, in patients with prostate cancer serum levels of sclerostin
were significantly correlated with those of P1NP (r=0.56,. p=0.01)
(Fig. 3). Circulating sclerostin levels were not correlated with levels
of β-CTX in the whole patient population (r=0.16, p=0.09), or in
patients with Paget's disease (r=0.08, p=0.46), but were correlated
in patients with prostate cancer (r=0.48, p=0.03) (Fig. 3).

Discussion

Sclerostin is an osteocyte-produced local regulator of bone
remodeling affecting both osteoblast and osteoclast function [2,3,15].
A previous study has shown that there is a strong relationship between
circulating and bone marrow plasma levels of sclerostin consistent
with the findings that osteocytes are the major source of sclerostin
production and, therefore, the sclerostin present in peripheral
blood [22]. Our data show that circulating levels of sclerostin are
significantly increased in diseases associated with increased bone
turnover, such as Paget's disease and prostate cancer metastatic to
the skeleton, regardless of the underlying pathogenetic mechanism
responsible for the increased bone turnover.

In Paget's disease of bone, bone resorption is increased and is
followed by increased and disorganized bone formation. In prostate
cancer, skeletal metastases are mainly osteoblastic but increased
bone resorption has also been biochemically, as also shown here,
and histologically documented [23–27]. Despite the difference in
the pathogenetic mechanisms of Paget's disease of bone and prostate
cancer metastatic to the skeleton, both disorders share the common
end-result of increased bone turnover. We found increased
circulating sclerostin levels in both diseases compared to healthy
controls which were independent of renal function, age and previous
bisphosphonate treatment. All subjects included in our study had
normal renal function and it was recently shown that serum
sclerostin levels increase sharply in subjects with renal impairment
(CKD 3 stage) [28]. We did not find any association of serum
sclerostin levels with age consistent with some [29–33] but not
other [28,34–38] reports which may reflect differences in the
characteristics of studied cohorts and specificity of sclerostin assays.
Finally, previous bisphosphonate treatment of patients with Paget's
disease had no effect on sclerostin levels which may be due to
inability of used bisphosphonates to reach the osteocytes and/or the

image of Fig.�2


Fig. 3. Relationship between serum levels of sclerostin and P1NP (A) and sclerostin and CTX (B) in patients with Paget's disease of bone (open circles and solid line) and prostate
cancer with bone metastasis (closed circles and interrupted line).
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long intervals following the short exposure to these agents in our
study. In previous studies of patients with osteoporosis serum
sclerostin levels did not change during treatment with alendronate
[32] while they increased during treatment with risedronate or
neridronate given intramuscularly [30,39].

We found, in addition, a significant positive relationship between
sclerostin levels and bone turnover markers in metastatic prostate
cancer but not in Paget's disease of bone. Although this result may
reflect the difference in underlying pathophysiology between the
two disorders, it remains difficult to draw any conclusion about the
exact mechanism which regulates sclerostin production in these
conditions. We could speculate, however, that in both diseases
osteocytes may secrete more sclerostin as a compensatory response
to the increased number of osteoblasts that are recruited to the
affected skeletal sites.

A number of factors could stimulate sclerostin production by
osteocytes in either disorder. It has recently been demonstrated
that, Dkk-1, an antagonist of Wnt signaling, is also significantly
elevated in the serum of patients with Paget's disease of bone [40].
Dkk-1 expression and protein concentration have also been reported
to be elevated in osteoblastic and stromal cell cultures from Pagetic
lesions [41]. In addition, Dkk-1 has been found to positively regulate
sclerostin expression and to enhance suppression of the Wnt
signaling pathway in inflammatory–induced bone loss, so that an
increased production of Dkk-1 by Pagetic lesions could also be
responsible for increased sclerostin production by osteocytes [42].
Cytokines produced by prostate cancer cells, such as BMP-6 [43,44],
which is a known stimulator of sclerostin production [45,46], could
also contribute to the increased circulating levels of sclerostin
observed in prostate cancer metastatic to the skeleton. This increased
sclerostin productionmay in turn stimulate RANKL and bone resorption.
Sclerostin was recently shown to upregulate the expression of RANKL by
osteocyte-like cells and to promote osteoclastogenesis [15], supporting
also the view that osteocytes are targets for sclerostin action. This
sequence of events can explain the association between serum sclerostin
levels with those of P1NP and CTX observed in patients with prostate
cancer metastatic to the skeleton. The same mechanism may not be
operational in Paget's disease in which RANKL is already upregulated
[47].

In conclusion we demonstrate increased circulating sclerostin
levels in two skeletal disorders characterized by increased bone
turnover, regardless of their underlying pathogenetic mechanisms.
These increases in serum sclerostin may be due to a compensatory
response to the increased number of osteoblasts at affected skeletal
sites and may contribute to increased bone resorption in patients
with prostate cancer with bone metastases.
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