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Abstract

Background: Sclerostin is a potent inhibitor of bone forma-
tion, but the meaning of its serum levels remains undeter-
mined. We evaluated the association between sclerostin lev-
els and clinical or biological data in hemodialyzed patients
(HD), notably parathormone (PTH), biomarkers of bone turn-
over, vascular calcifications and mortality after 2 years. Meth-
ods: 164 HD patients were included in this observational
study. The calcification score was assessed with the Kaup-
pila method. Patients were followed for 2 years. Results: Me-
dian sclerostin levels were significantly (p < 0.0001) higherin
HD versus healthy subjects (n = 94) (1,375 vs. 565 pg/ml, re-
spectively). In univariate analysis a significant association
(p < 0.05) was found between sclerostin and age, height, di-
alysis vintage, albumin, troponin, homocysteine, PTH, C-ter-

minal telopeptide of collagen type |, bone-specific alkaline
phosphatase and osteoprotegerin, but not with the calcifica-
tion score. In a multivariate model, the association remained
with age, height, dialysis vintage, troponin, homocysteine,
phosphate, PTH, but also with vascular calcifications. Asso-
ciation was positive for all variables, except PTH and vascular
calcifications. The baseline sclerostin concentration was not
different in survivors and non-survivors. Conclusions: We
confirm a higher concentration of sclerostin in HD patients,
a positive association with age and a negative association
with PTH. A positive association with phosphate, homocys-
teine and troponin calls for additional research. The clinical
interest of sclerostin to assess vascular calcifications in HD is
limited and no association was found between sclerostin
and mortality. © 2014 S. Karger AG, Basel
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Introduction

Sclerostin, produced by the SOST gene, is an osteo-
cyte-specific glycoprotein and is presented as a potent in-
hibitor of bone formation [1, 2]. In humans, mutation of
the SOST gene will lead to sclerosteosis and Van Buchem
disease, autosomal recessive skeletal dysplasia character-
ized by generalized bone overgrowth [1, 3]. Sclerostin in-
hibits, via high-affinity binding, the low-density lipopro-
tein receptor-related protein 5 and 6 (Lrp-5/6) [4]. Lrp-
5/6are co-receptors for activation of f-catenin-dependent
signaling downstream of Wnt [5]. This so-called canoni-
cal pathway is a key in the mechanical stimulation of the
osteoblast-mediated bone formation [6]. It is actually well
known that bone surface that experiences high mechani-
cal strains is stimulated and that mechanical loading so
improves bone mass and strength [7]. Osteocyte is now
considered as the mechanoreceptor in bone [8]. Animal
models of mechanical loading have shown that sclerostin
was the protein of choice involved in the phenomena of
bone mechanosensibilization. A greater strain on the
bone induces a downregulation of the SOST gene and a
decreasing secretion of sclerostin by the osteocytes. Be-
cause sclerostin decreases osteoblast activity, its inhibi-
tion will lead to an increase in bone formation [9]. If the
role of sclerotin in bones is more and more well known,
the meaning of sclerostin concentrations in the plasma
remains to be precised [10, 11]. Nevertheless, discovery
of this new pathway in bone formation has opened new
perspectives in the field of osteoporosis therapy. First
clinical trials with anti-sclerostin antibodies in post-
menopausal women have shown an impressive gain in
term of bone mineral density (BMD) [12, 13].

Dialysis patients are prone to bone abnormalities [14].
In this context, the measurement of sclerostin could be of
interest and first studies have demonstrated a potential
role of sclerostin both in the diagnostic of bone turnover
and the prediction of bone loss [15, 16].

In hemodialysis (HD) patients, vascular calcifications
are precocious, frequent and excessive [17, 18]. The Wnt
signaling pathway could be implicated in the develop-
ment of these vascular calcifications [19, 20]. Moreover,
some authors have described, in HD patients, a strong
expression of sclerostin in the region of vascular calcifica-
tions either in calcified valves or in the skin of patients
with calciphylaxis [21, 22]. It seems thus logical to study
the potential association between sclerostin levels and the
intensity of vascular calcifications [11, 15, 21]. Moreover,
the association between the level of vascular calcifications
and mortality has been described in HD patients [23]. In
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this context, limited data have suggested that sclerostin
could be predictive of mortality in HD patients [24].

In this work, we studied the potential association be-
tween clinical and biological data in HD patients. We ver-
ified if we found the usual negative relationship between
sclerostin levels and PTH. Moreover, we analyzed the po-
tential association between sclerostin and several bio-
markers of bone turnover, either formation or resorption
bone biomarkers. We also studied the potential associa-
tion between sclerostin and vascular calcifications or
mortality.

Methods

Prevalent HD patients from three independent centers in Liege
and surrounding areas, Belgium, were included in this study (Cen-
tre Hospitalier Universitaire du Sart Tilman, Centre Hospitalier
Régional de ‘La Citadelle’, Centre Hospitalier ‘Bois de I’ Abbaye’ de
Seraing).

Vascular calcifications were assessed by lateral X-ray radiog-
raphy (the Kauppila method) and the score (between 0 and 24)
was established by the same experienced investigator (L.M.) [25].
The following clinical data were considered: age, gender, weight,
height, body mass index, dialysis vintage, previous cardiovascular
disease, hypertension, diabetes and smoking habit. Hypertension
was defined as blood pressure >140/90 mm Hg and/or treatment
for hypertension. Diabetes status was extracted from electronic
medical files and/or defined according to the treatment of diabe-
tes. Previous cardiovascular disease was defined as the history of
myocardial infarction, percutaneous coronary artery interven-
tion, cardiac surgery, peripheral artery disease or cerebrovascular
disease. Data were extracted from electronic medical files and
completed by interviews. Smoking habit was defined as current
smokers. The following laboratory data were studied: calcium,
phosphorus, albumin, magnesium, C-reactive protein (CRP)
(measured on the Modular; Roche, Mannheim, Germany), intact
parathormone (PTH) (measured on Elecsys; Roche), troponin T
(high-sensitive assay, measured on the Modular), 25-OH vitamin
D, bone-specific alkaline phosphatase (b-ALP) (measured on Li-
aison; Diasorin, Stillwater, Minn., USA), C-terminal fibroblast
growth factor (FGF-23), fetuin A, osteoprotegerin (OPG) (ELISA;
Biovendor, Czech Republic), homocysteine (measured by high
plasma liquid chromatography), C-terminal telopeptide of colla-
gen type I (CTX), intact amino-terminal propeptide of type I pro-
collagen (PINP) (measured on ISYS; IDS, Boldon, UK) and tar-
trate-resistant acid phosphatase 5b (TRAP-5b) (ELISA; IDS). The
patients were followed after sclerostin measurement and data
about global mortality are available for 2 years. Sclerostin was
measured with the TECO ELISA (TECO Medical, Sissach,
Switzerland). Intra- and interassay CV for sclerostin was <10%.
Normal data were obtained from 94 consecutive young healthy
patients undergoing routine chemical analyses (median age
31 years, 50 women). These subjects had glomerular filtration rate
(GFR) >60 ml/min/1.73 m? and we checked for the absence of in-
flammation and normal concentration of albumin, calcium and
phosphorus. One healthy subject was however excluded from the
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Table 1. Main clinical characteristics and biological data of the

global population

Age, years 74.0 (62.8; 80.5)
Male gender, % 44

Weight, kg 67.5 (59.0; 79.0)
Height, cm 16249

Body mass index, kg/m?
Dialysis vintage, months
Previous CVD, %
Hypertension, %
Diabetes, %

Smoking habit, %
Calcium, mmol/l
Phosphate, mmol/l
Magnesium, mmol/l
Albumin, g/l

CRP, mg/1

Intact PTH, pg/ml
25-OH vitamin D, ng/ml
b-ALP, pg/l

CTX, pg/ml

PINP, ng/ml

TRAP-5b, U/l

OPG, pmol/l
Homocysteine, pmol/l
Troponin T, pg/l
FGF-23, RU/ml

Fetuin A, ug/ml

Calcification score (maximum score is 24)

Sclerostin, pg/ml

25 (23; 30)
22.5 (11; 44)

65

87

44

21
2.15+0.16
1.48 (1.3; 1.9)
0.88+0.15

38 (36; 40)

5.0 (2.5; 12.9)
257 (125; 430)
22(12;32)

16 (11;23)
1,595 (1,013; 2,381)
218 (112; 383)
5.25 (3.95; 7.05)
9 (12; 16)

25 (19; 33)
0.04 (0.02; 0.07)
2,902 (1,007; 7,130)
225 (190; 281)

15 (5; 15)
1,375 (963; 1,830)

CVD = Cardiovascular disease; CRP = C-reactive protein;
PTH = parathormone; b-ALP = bone-specific alkaline phospha-
tase; CTX = C-terminal telopeptide of collagen type I; PINP = in-
tact amino-terminal propeptide of type I procollagen; TRAP-5b =
tartrate-resistant acid phosphatase 5b; OPG = osteoprotegerin;
FGF-23 = fibroblast growth factor 23.

analysis for clinical reasons (history of malleolus osteonecrosis)
and another one for both analytical and statistical reasons (outlier,
according to Tukey’s method). Human subjects’ procedures were
in accordance with the ethical standards of the Helsinki Declara-
tion of 1975. Our study has been approved by the ethic committee
of our university hospital.

Statistical Analysis

Data are expressed as mean + SD when distribution was nor-
mal and as median and interquartile range if not. Normality was
assessed by the Anderson-Darling test. Normal reference values
were calculated according to the robust method, a non-paramet-
ric percentile method (2.5th and 97.5th percentiles). Regression
analysis was used to study the potential linear relationship be-
tween sclerostin and clinical or biological data. Multivariate
analysis was performed using stepwise forward selection in ‘Proc
GLMSelect’ (SAS 9.3) in an attempt to model sclerostin, using all
available information. We also defined subgroups according to
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Fig. 1. Median concentrations of sclerostin in hemodialyzed (n =
164) and healthy population (n = 94): 1,375 (963; 1,830) vs. 565
(443; 660) pg/ml; p < 0.0001.

sclerostin tertiles. We studied whether there were variables
which were different according to these tertiles using ANOVA
followed by Tukey’s post hoc test for multiple pairwise compar-
isons. We performed a Kaplan-Meier univariate survival analy-
sis. All statistical analyses were conducted using MedCalc (Mar-
iakerke, Belgium) and SAS 9.3 (SAS Institute, Inc., Cary, N.C.,
USA).

Results

Clinical and biological variables of the global popula-
tion (n = 164) are summarized in table 1. In our HD pa-
tients, the concentration of sclerostin was 1,375 (963;
1,830) pg/ml, with no difference between men and wom-
en. These concentrations are higher than the median con-
centration observed in our healthy population 565 (443;
660) pg/ml (p < 0.0001) (fig. 1). The ‘normal’ lower and
higher limit for sclerostin was 231 and 880 pg/ml, respec-
tively. Normal concentrations of sclerostin were signifi-
cantly higher in men [615 (550; 720) pg/ml, n = 42] than
in women [485 (418;590) pg/ml, n =50] (p = 0.0004). The
normal higher limit in men and women were 990 and 776
pg/ml, respectively. According to these two results, 80%
of HD patients have sclerostin concentrations higher
than the upper normal reference value.

We found a significant linear association in univariate
analysis (p < 0.05) between sclerostin and age, height, di-
alysis vintage, albumin, magnesium, troponin T, homo-
cysteine, PTH, CTX, b-ALP and OPG (table 2). No such
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Fig. 2. Kaplan-Meier curves showing survival probability after
2 years between patients in the lowest tertiles versus the two high
tertiles of sclerostin. The difference is not significant.

Table 2. Pearson correlation coefficients for sclerostin and other
variables

Variable Pearson correlation p value
coefficient

Age 0.258 0.0008
Height 0.187 0.0169
Dialysis vintage 0.156 0.046

Mg 0.197 0.0002
Troponin T 0.290 0.0002
Albumin 0.166 0.034

Homocysteine 0.206 0.0083
PTH -0.295 0.0001
CTX -0.188 0.0159
BALP -0.199 0.0107
OPG 0.320 <0.0001

correlation was found between sclerostin levels and the
calcification score. In the multivariate model, a signifi-
cantassociation (p < 0.05) was still found between scleros-
tin and age, height, albumin, troponin T, homocysteine,
dialysis vintage, phosphate, PTH and vascular calcifica-
tions. Sclerostin was positively correlated with age, height,
albumin, phosphate, troponin T, homocysteine, and di-
alysis vintage. Correlations were negative with PTH and
vascular calcifications. This multivariate model explains
42% of the sclerostin variability.
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We compared by ANOVA the variables in the sub-
groups defined by tertiles of sclerostin (table 3). Com-
pared to patients in the lowest tertile of sclerostin (<1,130
pg/ml), we found that patients in the highest tertiles
(>1,660 pg/ml) have significantly higher troponin T, al-
bumin, OPG and homocysteine concentrations and low-
er PTH, CTX and b-ALP concentrations. Troponin T was
also significantly higher in the highest tertile compared to
the intermediate tertile. Calcification scores were not dif-
ferent between tertiles.

After 2 years, we observed a mortality rate of 37.2%,
i.e. 61 patients. Survivors were significantly younger [71
(57;79) vs. 78 (71; 85) years, p < 0.0001] and had the fol-
lowing baseline characteristics: higher albumin levels [39
(37;41) vs. 37 (35; 40) g/, p = 0.0069], higher CTX levels
[1,875 (1,103; 2,634) vs. 1,249 (947; 1,913) pg/ml, p =
0.0022], lower CRP levels [4.4 (1.8;10.5) vs. 8.3 (4.3;18.5)
mg/l, p = 0.0092], lower troponin T levels [0.03 (0.02;
0.05) vs. 0.05 (0.03; 0.08) ug/l, p < 0.0001]. Other variables
of table 1 were not different between survivors or non-
survivors. Baseline sclerostin concentration was not dif-
ferent in survivors and non-survivors after 2 years of
follow-up. Also, patients with baseline values higher than
the median value, i.e. 1,375 pg/ml, have the same mortal-
ity at 2 years than patients with low concentrations. Con-
sidering tertiles of sclerostin, we did not observe any dif-
ference of mortality between the tertiles (fig. 2).

Discussion

In this study, we confirmed that sclerostin concentra-
tions are significantly higher in HD patients than in a
healthy young population [15, 21, 26]. The higher con-
centration of sclerostin observed in HD is still not fully
understood. It could be due to a decreased renal excre-
tion of sclerostin in chronic kidney disease (CKD),
which could be expected regarding the molecular weight
(22.5 kDa) of the protein. An important study from Pel-
letier et al. [27] showed a negative correlation between
sclerostin and measured GFR in 90 subjects at different
stages of CKD. An increased production of sclerostin
due to other mechanisms cannot be excluded. For ex-
ample, as HD patients (especially among the oldest
ones) are limited in physical activity [28], the higher
sclerostin levels could also be due to a lower load in me-
chanical stress, as it has been demonstrated in diverse ill
populations [26, 29, 30]. Another hypothesis could be a
sort of ‘sclerostin resistance’ in CKD, as it is observed
with PTH [31]. Clearly, additional studies are required
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Table 3. Variables with significantly different concentrations (mean * SE) in the subgroups defined by tertiles of sclerostin (ANOVA

analysis, p < 0.05)

Variable Group 1 (n = 54) Group 2 (n = 55) Group 3 (n = 55) 1vs.2 1vs.3 2vs. 3
<Pct33 [Pct33-Pct66] >Pct66
Troponin T, pg/l 0.046+0.007 0.043+0.006 0.086+0.012 NS <0.05 <0.05
Albumin, g/l 36.70+0.71 38.78+0.44 38.82+0.50 <0.05 <0.05 NS
Homocysteine, umol/l 25.31+1.48 27.41+2.00 36.60+4.66 NS <0.05 NS
Intact PTH, pg/ml 426.4+48.4 339.5+£35.9 231.6£21.5 NS <0.05 NS
CTX, pg/ml 2,248+215 1,889+163 1,555+132 NS <0.05 NS
b-ALP, pg/l 31.5£6.7 19.5%+1.7 16.2+1.5 NS <0.05 NS
OPG, pmol/l 11.00.6 13.6+0.7 15.2+1.0 NS <0.05 NS

both in CKD and HD patients and the debate is not
closed.

The concentrations we observed in our cohort of 164
HD patients (1,505 + 715 pg/ml) are different compared
to those published in other HD cohorts [26]. Differences
could be explained, at least in part, by the different clini-
cal characteristics of the cohorts, notably the age. Indeed,
we confirmed that one main positive determinant of
sclerostin concentration is age [15, 21, 24, 27, 32]. Aging
is associated with sarcopenia, decreased physical activity
and decreased mechanical loading on bones, leading to
sclerostin activation [26, 29]. Thus, sclerostin could also
act as a mediator in the well-known decreased bone qual-
ity associated with aging. Differences in the assays used to
measure sclerostin may actually greatly impact the results
and explain differences in sclerostin levels between stud-
ies [33, 34]. Indeed, Durosier et al. [34], measuring
sclerostin in 187 healthy subjects aged 65 years with three
different ELISA assays, found as high as 20- and 30-fold
difference between the assays. These analytical differenc-
es could be still more relevant in the context of end-stage
renal disease where inactive fragments could accumulate
[21]. There is thus an urgent need of standardization be-
tween the assays.

The association we observed between sclerostin levels
and height in the multivariable model is discrepant com-
pared to the results observed in the literature [27, 34-37].
The association with height, and thus to bone length,
could be however logical from a physiological point of
view as the protein is principally secreted by osteocytes.

Both in physiological and clinical studies, PTH im-
pacts sclerostin levels and PTH actually downregulates
sclerostin activation. A negative correlation is thus ob-
served between PTH and sclerostin levels [34, 38-40].
The interaction between PTH and sclerostin is however
not fully understood as both intermittent and continu-

Sclerostin in Hemodialyzed Patients

ous PTH infusion decreased sclerostin expression [41]
whereas only intermittent PTH injection has an anabolic
effect on bone [10]. In a HD population, like other au-
thors, we found a negative correlation between PTH and
sclerostin concentrations [15, 24, 26]. Interestingly, we
also found a negative correlation between sclerostin and
b-ALP, the recommended biomarker to evaluate bone
turnover in HD patients, and between sclerostin and
CTX, one of the main biomarkers of bone resorption
[14]. In univariate analysis, we also found a trend to a
negative association with other bone turnover biomark-
ers (Trap-5B and PINP) (data not shown). In HD pa-
tients, Evenenpoel and colleagues [24, 32] also found a
negative correlation between b-ALP and sclerostin levels
both in 100 HD and 154 CKD patients. In 117 CKD pa-
tients (non-HD), other authors found a negative correla-
tion between sclerostin and CTX but no correlation with
PINP or alkaline phosphatase [31]. An important study
in 60 HD patients with bone biopsies demonstrated that
sclerostin was negatively correlated with histomorpho-
metric parameters of turnover and with osteoblast num-
bers. Sclerostin was considered as useful and superior to
PTH for the positive, but not the negative, prediction of
high bone turnover [15]. Unfortunately, b-ALP was not
measured in this last study. Moreover, correlation is not
causation as underlined by the authors of the editorial
[10]. Our results also suggest that sclerostin levels are
negatively influenced by high bone turnover in HD pa-
tients. However, we must keep in mind that all associa-
tions between sclerostin and bone biomarkers were lost
in the multivariate analysis and only PTH remains sig-
nificantly associated. Moreover, PTH seems to directly
act and inhibit sclerostin production [38—41]. Therefore,
another hypothesis could that the primary determinant
of sclerostin concentration in dialysis patients is actually
PTH, which itself act on bone, leading to high or low
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bone turn over and eventually influencing bone bio-
markers.

In univariate analysis, the higher association with
sclerostin is obtained with troponin T levels (r = 0.29023,
p = 0.0002) and this parameter was also relevant in the
multivariate model. Troponin T concentrations are high-
er in HD patients [42]. Interestingly, troponin T concen-
tration has been shown to be predictive of mortality in
HD patients [42, 43]. The role of troponin T as a predictor
of global mortality is also found in our cohort of 164 pa-
tients. Whatever the mechanisms involved to explain the
link between sclerostin and mortality, the significant cor-
relation between sclerostin and troponin T concentra-
tions opens a new area of research in HD patients.

The association we found with homocysteine is not
unique. Indeed, Urano et al. [37] in their cohort of post-
menopausal women and Morales-Santana et al. [44] in
their cohort of type 2 diabetic patients also found such a
positive association. The relevance of this result is still
unclear and deserves further studies.

In our population, we found a significant positive as-
sociation between phosphate and sclerostin concentra-
tions in the multivariable model. This association was in-
dependent of PTH and FGF-23 levels. Such an association
was also found in two other CKD (but non-HD) cohorts
[27, 31]. Phosphate has a central role both in the patho-
genesis of renal osteodystrophy and in the development
of vascular calcifications. Of interest, in an animal CKD
model of adynamic bone disease, high dietary phosphate
intake was associated with a high expression of sclerostin
coding gene [45]. Our results must however be carefully
considered as therapies interfering with phosphate levels
were not taken into account in the analysis.

In our study, we found no association between sclerostin
and the calcification score in the univariate analysis, but the
association became significant and negative in the multi-
variate model. However, this association remained rela-
tively poor. The interest of sclerostin to detect or estimate
vascular calcification at the individual level in clinical prac-
tice is thus probably low. In the CKD population, Claes et
al. [32] found, in 154 CKD patients, that the absence of cal-
cifications was identified as an independent predictor of
higher level of sclerostin. In this study, the univariate anal-
ysis showed a positive correlation between calcification
score but, surprisingly, this correlation became negative
(low sclerostin associated with high calcification score) in
the multivariate analysis [32]. At the inverse, in 67 HD pa-
tients, other authors found alower sclerostin concentration
in patients without aortic valve calcifications compared to
patients with aortic valve calcification [21].

6 Nephron Clin Pract
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In a post hoc analysis of 100 HD patients, Viaene et al.
[24] described a better survival in patients with higher
sclerostin levels. Patients with higher values had a better
survival when adjusted for age and gender. However, in
this study, the association between sclerostin and mortal-
ity was lost in the full adjusted model. In our study, and
contrary to Viaene etal. [24], sclerostin was not predictive
of global mortality. This absence of association with mor-
tality persisted when troponin T was excluded from the
statistical model (data not shown).

There are limitations in our study. Our population
was a prevalent HD population and studies in incident
subjects would be of interest. Because physical activity
influences sclerostin levels [26, 29, 30], such data in our
elderly HD patients could be of interest. Another limita-
tion of our study is the absence of BMD measurement.
In CKD patients, two studies found a positive associa-
tion between sclerostin and BMD results [26, 46]. An-
other limitation is that our data about mortality are lim-
ited to the global mortality and data about cardiovascu-
lar mortality are not available. Lastly, we used the
Kauppila method to detect calcifications, which is not
the most sensitive method. Once again, the levels of
sclerostin concentrations must be interpreted with
caution because the lack of standardization between the
assays.

In conclusion, we confirmed a higher concentration of
sclerostin in prevalent HD patients. We also confirmed
that sclerostin is positively associated with age and nega-
tively with PTH. We also showed an inverse association
between sclerostin and biomarkers of bone turnover in
HD patients. The positive association with phosphate,
homocysteine and especially with troponin T is original,
promising and calls for additional research. Moreover,
the clinical interest of sclerostin to assess vascular calcifi-
cations in HD is probably limited. Finally, in our popula-
tion, we did not find any role for sclerostin to predict
mortality.

Acknowledgements
We thank Pierre Lukas, Agnes Carlisi, Romy Gadisseur, Mi-
chelle Focan and Arnaud Borsu for their help with the samples

(collect and measurements) and Rosalie Bonmariage and Isabelle
Mourad for editorial assistance.

Disclosure Statement

The authors have no conflicts of interest to disclose.

Delanaye et al.

i
]
9]
o
S
<
o
w

27 PM

-11/5/2014 2:17




—

10

11

12

13

14

References

Balemans W, Ebeling M, Patel N, Van HE, Ol-
son P, Dioszegi M, Lacza C, Wuyts W, Van
Den Ende ], Willems P, Paes-Alves AF, Hill S,
Bueno M, Ramos FJ, Tacconi P, Dikkers FG,
Stratakis C, Lindpaintner K, Vickery B,
Foernzler D, Van HW: Increased bone den-
sity in sclerosteosis is due to the deficiency of
a novel secreted protein (SOST). Hum Mol
Genet 2001;10:537-543.

Brunkow ME, Gardner JC, Van NJ, Paeper
BW, Kovacevich BR, Proll S, Skonier JE, Zhao
L, Sabo PJ, Fu Y, Alisch RS, Gillett L, Colbert
T, Tacconi P, Galas D, Hamersma H, Beigh-
ton P, Mulligan J: Bone dysplasia sclerosteosis
results from loss of the SOST gene product, a
novel cystine knot-containing protein. Am J
Hum Genet 2001;68:577-589.

Van Buchem FS, Hadders HN, Hansen JF,
Woldring MG: Hyperostosis corticalis gener-
alisata. Report of seven cases. Am ] Med 1962;
33:387-397.

Semenov M, Tamai K, He X: SOST is a ligand
for LRP5/LRP6 and a Wnt signaling inhibitor.
J Biol Chem 2005;280:26770-26775.

Joiner DM, Ke J, Zhong Z, Xu HE, Williams
BO: LRP5 and LRP6 in development and dis-
ease. Trends Endocrinol Metab 2013;24:31-
39.

Krishnan V, Bryant HU, Macdougald OA:
Regulation of bone mass by Wnt signaling. |
Clin Invest 2006;116:1202-1209.

Robling AG, Castillo AB, Turner CH: Biome-
chanical and molecular regulation of bone re-
modeling. Annu Rev Biomed Eng 2006;8:
455-498.

Cowin SC, Moss-Salentijn L, Moss ML: Can-
didates for the mechanosensory system in
bone. ] Biomech Eng 1991;113:191-197.
Robling AG, Niziolek PJ, Baldridge LA, Con-
don KW, Allen MR, Alam I, Mantila SM, Glu-
hak-Heinrich J, Bellido TM, Harris SE, Turn-
er CH: Mechanical stimulation of bone in
vivo reduces osteocyte expression of SOST/
sclerostin. ] Biol Chem 2008;283:5866-5875.
Drueke TB, Lafage-Proust MH: Sclerostin:
just one more player in renal bone disease?
Clin ] Am Soc Nephrol 2011;6:700-703.

Jean G, Chazot C: Sclerostin in CKD-MBD:
one more paradoxical bone protein? Nephrol
Dial Transplant 2013;28:2932-2935.

Padhi D, Jang G, Stouch B, Fang L, Posvar E:
Single-dose, placebo-controlled, randomized
study of AMG 785, a sclerostin monoclonal
antibody. ] Bone Miner Res 2011;26:19-26.
McClung MR, Grauer A, Boonen S, Bolog-
nese MA, Brown JP, Diez-Perez A, Langdahl
BL, Reginster JY, Zanchetta JR, Wasserman
SM, Katz L, Maddox ], Yang YC, Libanati C,
Bone HG: Romosozumab in postmenopausal
women with low bone mineral density. N
Engl ] Med 2014;370:412-420.

Delanaye P, Souberbielle JC, Lafage-Proust
MH, Jean G, Cavalier E: Can we use circulat-
ing biomarkers to monitor bone turnover in
CKD haemodialysis patients? Hypotheses

Sclerostin in Hemodialyzed Patients

15

16

17

18

19

20

21

22

23

24

25

and facts. Nephrol Dial Transplant 2014;29:
997-1004.

Cejka D, Herberth ], Branscum AJ, Fardo
DW, Monier-Faugere MC, Diarra D, Haas M,
Malluche HH: Sclerostin and Dickkopf-1 in
renal osteodystrophy. Clin ] Am Soc Nephrol
2011;6:877-882.

Malluche HH, Davenport DL, Cantor T,
Monier-Faugere MC: Bone mineral density
and serum biochemical predictors of bone
loss in patients with CKD on dialysis. Clin J
Am Soc Nephrol 2014;9:1254-1262.
Goodman WG, Goldin J, Kuizon BD, Yoon C,
Gales B, Sider D, Wang Y, Chung J, Emerick
A, Greaser L, Elashoff RM, Salusky IB: Coro-
nary-artery calcification in young adults with
end-stage renal disease who are undergoing
dialysis. N Engl ] Med 2000;342:1478-1483.
Jean G, Bresson E, Terrat JC, Vanel T, Hurot
JM, Lorriaux C, Mayor B, Chazot C: Periph-
eral vascular calcification in long-haemodial-
ysis patients: associated factors and survival
consequences. Nephrol Dial Transplant 2009;
24:948-955.

Zhu D, Mackenzie NC, Millan JL, Farquhar-
son C, MacRae VE: The appearance and mod-
ulation of osteocyte marker expression during
calcification of vascular smooth muscle cells.
PLoS One 2011;6:19595.

Askevold ET, Gullestad L, Aakhus S, Ranheim
T, Tonnessen T, Solberg OG, Aukrust P,
Ueland T: Secreted Wnt modulators in symp-
tomatic aortic stenosis. ] Am Heart Assoc
2012;1:e002261.

Brandenburg VM, Kramann R, Koos R, Kru-
ger T, Schurgers L, Muhlenbruch G, Hubner
S, Gladziwa U, Drechsler C, Ketteler M: Rela-
tionship between sclerostin and cardiovascu-
lar calcification in hemodialysis patients: a
cross-sectional study. BMC Nephrol 2013;14:
219.

Kramann R, Brandenburg VM, Schurgers L],
Ketteler M, Westphal S, Leisten I, Bovi M,
Jahnen-Dechent W, Knuchel R, Floege J,
Schneider RK: Novel insights into osteogen-
esis and matrix remodelling associated with
calcific uraemic arteriolopathy. Nephrol Dial
Transplant 2013;28:856-868.

Schlieper G, Kruger T, Djuric Z, Damjanovic
T, Markovic N, Schurgers L], Brandenburg
VM, Westenfeld R, Dimkovic S, Ketteler M,
Grootendorst DC, Dekker FW, Floege J, Dim-
kovic N: Vascular access calcification predicts
mortality in hemodialysis patients. Kidney Int
2008;74:1582-1587.

Viaene L, Behets GJ, Claes K, Meijers B,
Blocki F, Brandenburg V, Evenepoel P,
D’Haese PC: Sclerostin: another bone-related
protein related to all-cause mortality in hae-
modialysis? Nephrol Dial Transplant 2013;
28:3024-3030.

Kauppila LI, Polak JF, Cupples LA, Hannan
MT, Kiel DP, Wilson PW: New indices to
classify location, severity and progression of
calcific lesions in the abdominal aorta: a 25-

26

27

28

29

30

31

32

33

34

35

36

year follow-up study. Atherosclerosis 1997;
132:245-250.

Cejka D, Jager-Lansky A, Kieweg H, Weber
M, Bieglmayer C, Haider DG, Diarra D,
Patsch JM, Kainberger F, Bohle B, Haas M:
Sclerostin serum levels correlate positively
with bone mineral density and microarchitec-
ture in haemodialysis patients. Nephrol Dial
Transplant 2012;27:226-230.

Pelletier S, Dubourg L, Carlier MC, Hadj-Ais-
sa A, Fouque D: The relation between renal
function and serum sclerostin in adult pa-
tients with CKD. Clin ] Am Soc Nephrol 2013;
8:819-823.

Bowling CB, Muntner P, Sawyer P, Sanders
PW, Kutner N, Kennedy R, Allman RM:
Community mobility among older adults
with reduced kidney function: a study of life-
space. Am ] Kidney Dis 2014;63:429-436.
Gaudio A, Pennisi P, Bratengeier C, Torrisi V,
Lindner B, Mangiafico RA, Pulvirenti I, Hawa
G, Tringali G, Fiore CE: Increased sclerostin
serum levels associated with bone formation
and resorption markers in patients with im-
mobilization-induced bone loss. ] Clin Endo-
crinol Metab 2010;95:2248-2253.

Spatz JM, Fields EE, Yu EW, Divieti PP, Boux-
sein ML, Sibonga JD, Zwart SR, Smith SM: Se-
rum sclerostin increases in healthy adult men
during bed rest. J Clin Endocrinol Metab
2012;97:E1736-E1740.

Cejka D, Marculescu R, Kozakowski N,
Plischke M, Reiter T, Gessl A, Haas M: Renal
elimination of sclerostin increases with de-
clining kidney function. J Clin Endocrinol
Metab 2014;99:248-255.

Claes KJ, Viaene L, Heye S, Meijers B, d’'Haese
P, Evenepoel P: Sclerostin: another vascular
calcification inhibitor? J Clin Endocrinol
Metab 2013;98:3221-3228.

McNulty M, Singh R], Li X, Bergstralh EJ, Ku-
mar R: Determination of serum and plasma
sclerostin concentrations by enzyme-linked
immunoassays. ] Clin Endocrinol Metab
2011;96:E1159-E1162.

Durosier C, van Lierop A, Ferrari S, Cheval-
ley T, Papapoulos S, Rizzoli R: Association of
circulating sclerostin with bone mineral
mass, microstructure, and turnover bio-
chemical markers in healthy elderly men and
women. ] Clin Endocrinol Metab 2013;98:
3873-3883.

Gennari L, Merlotti D, Valenti R, Ceccarelli E,
Ruvio M, Pietrini MG, Capodarca C, Franci
MB, Campagna MS, Calabro A, Cataldo D,
Stolakis K, Dotta F, Nuti R: Circulating
sclerostin levels and bone turnover in type 1
and type 2 diabetes. J Clin Endocrinol Metab
2012;97:1737-1744.

Sheng Z, Tong D, Ou Y, Zhang H, Zhang Z,
LiS, ZhouJ, Zhang ], Liao E: Serum sclerostin
levels were positively correlated with fat mass
and bone mineral density in central south
Chinese postmenopausal women. Clin Endo-
crinol (Oxf) 2012;76:797-801.

Nephron Clin Pract

DOI: 10.1159/000366449

5.96 - 11/5/2014 2:17:27 PM



37

38

39

40

Urano T, Shiraki M, Ouchi Y, Inoue S: Asso-
ciation of circulating sclerostin levels with fat
mass and metabolic disease-related markers
in Japanese postmenopausal women. J Clin
Endocrinol Metab 2012;97:E1473-E1477.
Keller H, Kneissel M: SOST is a target gene for
PTH in bone. Bone 2005;37:148-158.
O’Brien CA, Plotkin LI, Galli C, Goellner JJ,
Gortazar AR, Allen MR, Robling AG, Boux-
sein M, Schipani E, Turner CH, Jilka RL,
Weinstein RS, Manolagas SC, Bellido T: Con-
trol of bone mass and remodeling by PTH re-
ceptor signaling in osteocytes. PLoS One
2008;3:€2942.

Leupin O, Kramer I, Collette NM, Loots GG,
Natt F, Kneissel M, Keller H: Control of the
SOST bone enhancer by PTH using MEF2
transcription factors. ] Bone Miner Res 2007;
22:1957-1967.

41

42

43

YuEW, Kumbhani R, Siwila-Sackman E, Led-
er BZ: Acute decline in serum sclerostin in re-
sponse to PTH infusion in healthy men. J Clin
Endocrinol Metab 2011;96:E1848-E1851.
Wang AY, Wai-Kei LC: The diagnostic utility
of cardiac biomarkers in dialysis patients. Se-
min Dial 2012;25:388-396.

Khan NA, Hemmelgarn BR, Tonelli M,
Thompson CR, Levin A: Prognostic value of
troponin T and I among asymptomatic pa-
tients with end-stage renal disease: a meta-
analysis. Circulation 2005;112:3088-3096.

© Free Author
Copy — for per-
sonal use only

ANY DISTRIBUTION OF THIS
ARTICLE WITHOUT WRITTEN
CONSENT FROM S. KARGER
AG, BASEL IS A VIOLATION
OF THE COPYRIGHT.

Written permission to distrib-
ute the PDF will be granted
against payment of a per-
mission fee, which is based
on the number of accesses
required. Please contact
permission@karger.ch

Nephron Clin Pract

DOI: 10.1159/000366449

44

45

46

Morales-Santana S, Garcia-Fontana B, Gar-
cia-Martin A, Rozas-Moreno P, Garcia-Salce-
do JA, Reyes-Garcia R, Munoz-Torres M:
Atherosclerotic disease in type 2 diabetes is
associated with an increase in sclerostin lev-
els. Diabetes Care 2013;36:1667-1674.
Ferreira JC, Ferrari GO, Neves KR, Cavallari
RT, Dominguez WV, dos Reis LM, Graciolli
FG, Oliveira EC, Liu S, Sabbagh Y, Jorgetti V,
Schiavi S, Moyses RM: Effects of dietary phos-
phate on adynamic bone disease in rats with
chronic kidney disease — role of sclerostin?
PLoS One 2013;8:e79721.

Thambiah S, Roplekar R, Manghat P, Fogel-
man I, Fraser WD, Goldsmith D, Hampson G:
Circulating sclerostin and Dickkopf-1 (DKK1)
in predialysis chronic kidney disease: relation-
ship with bone density and arterial stiffness.
Calcif Tissue Int 2012;90:473-480.

Delanaye et al.

4
m
9]
<
o
Q
<
o
w
Q
o4
<
X

11/5/2014 2:17:27 PM



steimlej
Copyright hoch


