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Abstract 

Canonical Wnt signalling activity contributes to physiological and adaptive bone 

mineralisation and is an essential player in bone remodelling. Sclerostin is a prototypic 

soluble canonical Wnt signalling pathway inhibitor, which is produced in osteocytes and 

blocks osteoblast differentiation and function. Therefore, sclerostin is a potent inhibitor of 

bone formation and mineralisation. Accordingly, rodent sclerostin deficiency models exhibit 

a strong bone phenotype. Moreover, blocking sclerostin represents a promising treatment 

perspective against osteoporosis. Beyond the bone field novel data definitely show that Wnt 

signalling in general and sclerostin in particular are associated with ectopic extraosseous 

mineralisation processes, as evident in cardiovascular calcification or calciphylaxis. Uremia is 

characterized by the parallel occurrence of disordered bone mineralisation and accelerated 

cardiovascular calcification (chronic kidney disease – bone and mineral disorder, CKD-MBD), 

linking skeletal and cardiovascular disease – the so-called bone-vascular calcification paradox. 

In consequence, sclerostin may qualify as an emerging player in CKD-MBD. We present a 

stepwise review approach regarding the rapidly evolving field of how sclerostin participates 

in CKD-MBD. Starting from data originating in the classical bone field we will look separately 

at the three major areas of CKD-MBD, i.e. disturbed mineral metabolism, renal 

osteodystrophy, and uremic cardiovascular disease. Our review is intended to help the 

nephrologist revise the potential importance of sclerostin in CKD, by focusing on how 

sclerostin research is gradually evolving from the classical osteoporosis niche into the area of 

CKD-MBD. We will particularly integrate the limited amount of available data in the context 

of pediatric nephrology. 

 

STEP 1: What is Wnt signalling? 

The wingless-type mouse mammary tumor virus integration site (Wnt) pathway plays a key 

role in a wide array of biological processes such as cell proliferation, migration, and 

differentiation [1]. Wnt signalling encompasses at least three different complex pathways 

with partial functional overlap, one of which is the canonical Wnt/beta-catenin pathway [1, 

2]. The canonical Wnt pathway involves interaction of several Wnt ligands with their cognate 

receptors and co-receptors [Figure 1a and Figure 1b]. Important substructures of this dual-

receptor complex are formed by transmembrane Frizzled (Frz) receptors and the low-density 

lipoprotein receptor-related proteins (LRP) 5 and 6. The key function of the canonical Wnt 
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pathway is stabilization of beta-catenin by inhibiting the activity of the beta-catenin 

degradation complex [Figure 1a]. Beta-catenin can be considered as a central regulatory 

player within the cytoplasm. The function of the beta-catenin degradation complex is to 

phosphorylate beta-catenin through e.g. the glycogen synthase kinase (GSK)-3beta-mediated 

phosphorylation [Figure 1a] [3]. Phosphorylated beta-catenin is prone to proteolysis and 

would not accumulate in the nucleus. Only unphosphorylated beta-catenin can translocate 

into the nucleus and modulate target gene transcription [Figure 1b].  [3].  

The signalling pathways of Wnt ligands vary with the cell type involved and with the 

receptors and co-receptors expressed on particular effector cells. Loss-of-function mutations 

in key players of the canonical Wnt signalling cause distinct phenotypes as reviewed 

elsewhere [4]. These genetic modification models reveal the plethora of biological functions 

Wnt signalling is participating in. As an example individuals with LRP6 mutations exhibit 

premature coronary artery disease as well as severe osteoporosis [5] providing first evidence 

that Wnt signalling is a player in the bone-vascular axis. 

Wnt signalling appears prototypic for the crosstalk within the bone-vascular axis since it 

encompasses vascular development and endothelial cell specification as well as the 

regulation of bone modelling and remodelling [6-9]. The term bone-vascular calcification 

paradox describes various disease states with dysregulated calcification processes 

characterized by the coincidence of skeletal demineralisation and vascular calcification. This 

calcification paradox is one of the characteristic features of CKD-MBD or vice versa, CKD-

MBD is a prototypic condition for paradoxic calcification [10]. Therefore, it deserves 

comprehensive analyses to what extent disturbances in Wnt signalling contribute and 

associate with CKD. 

 

STEP 2: What are Wnt inhibitors? 

Secreted Wnt inhibitors are a group of various proteins which interfere with the extracellular 

binding of Wnt ligands with the transmembrane receptor complex. These inhibitors either 

directly bind and block Wnt ligands and thereby prevent their interactions with receptors 

(e.g. secreted frizzled related protein and Wnt inhibitory factor) or bind to LRP5/6, inducing 

receptor internalization and/or reducing their availability to Wnt ligands (e.g. Dickkopf 

factors [DKK] and sclerostin [Figure 1b]) [11]. Among the numerous Wnt inhibitors, DKK-1 

and sclerostin have been most intensively studied – mainly in animal models and various 
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adult populations [9]. Directly compared with DKK-1 particularly sclerostin gained attention 

in the context of the bone-vascular calcification paradox. Sclerostin is a member of the 

cystatin-knot family of proteins and is a product of the SOST gene [12]. This glycoprotein (22 

kDa) is secreted almost exclusively by osteocytes (Figure 2) and to a lesser extent by other 

cell types including osteoclast precursors, renal and vascular cells [13]. The major sclerostin 

producers – the osteocytes - are terminally differentiated osteoblasts trapped within the 

bone matrix. The discovery of sclerostin production contributes to our understanding that 

osteoblasts and osteocytes are endocrine cells secreting a number of fascinating proteins, 

e.g. osteoprotegerin (OPG), osteocalcin, sclerostin, and fibroblast growth factor 23 (FGF-23) 

[14]. Those factors and their partly quite distant physiological effects (e.g. in energy 

metabolism or tubular function) establish the skeleton as one of the endocrine organs [9]. 

 

 

STEP 3: What is the biological effect of these canonical Wnt inhibitors – particularly in 

bone? 

The biological effects of Wnt inhibitors were first elucidated in bone. Secreted (extracellular) 

Wnt inhibitors such as sclerostin or DKK-1 are important negative feed-back regulators of 

Wnt-beta catenin signalling. Sclerostin activities are complex and besides interaction with 

the LRP5/6 co-receptors. There are other modes of action of sclerostin on bone metabolism, 

e.g. interaction with bone morphogenetic proteins [15, 16]. Additionally, sclerostin binds to 

LRP4, promoting receptor-blocking activities at the Frz-LRP5/6 complex [17]. Sclerostin 

interferes with another well-known bone metabolism regulating system: The OPG-RANK-

RANKL system: Wnt signalling stimulates OPG which, in turn, binds and inhibits the receptor 

activator of nuclear factor kB-ligand (RANKL) expressed by osteoblasts thus preventing 

osteoclast precursor differentiation [18]. 

Wnt inhibitors allow the catenin degradation complex, consisting of APC, Axin and GSK3 [19], 

to degrade cytosolic beta-catenin [Figure 1b]. By doing so, Wnt inhibitors prevent beta-

catenin nuclear signalling and target gene expression. Insight in the role of the various 

receptors, messengers and modulators of the Wnt signalling in skeletal health and disease 

has been gained from rodent and human genetic modification models including sclerosteosis 

and Van Buchem`s disease [11, 20-24]. Particularly, genetic modification of sclerostin or 

DKK-1 activity provides comprehensive insight on how soluble Wnt inhibitors affect bone 
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metabolism. While reduced activity of sclerostin and DKK-1 in vivo contributes to increased 

bone mass and strength via a stimulated osteo-anabolic action [23, 25], the opposite is true 

in experimental models with overexpression of both sclerostin or DKK-1 [12, 26]. These 

models reveal how potent the anti-anabolic actions of sclerostin and DKK-1 are. Moreover, 

transgenic overexpression of sclerostin was associated with chondrodysplasia in lumbar 

vertebrae. The vertebrae were also shorter, wider and lacked the normal trabecular and 

inter-vertebral disc architecture [12]. Interestingly, the observed high bone formation and 

mineralization indices typically detected in sclerostin-null mice might, at least in part, be 

related to significantly increased 1,25 dihydroxyvitamin D levels and significantly reduced 

FGF-23 levels in these animals compared to wild type mice [27]. With all these data in mind 

it is surprising to see a positive association between serum sclerostin levels and high bone 

mineral density in humans which at first sight is counter-intuitive [28]. Register and co-

workers speculated that high levels of circulating sclerostin might be indicative of impaired 

receptor binding and therefore reduced local skeletal activity [28]. However, this assumption 

as well as the potential role of PTH resistance herein needs further investigation and 

especially confirmation in patients with CKD. Sclerostin levels are modified and influenced – 

among others - by age, fracture healing, gender, estrogen usage, hyperparathyroidism, and 

physical activity. Although beyond the scope of the present review it is justified to 

summarize that the absence or presence of such (patho)physiological stimuli or suppressors 

of bone metabolism influences sclerostin [29-31]. It is needless to say that any conclusion of 

analogy between bone physiology in non-renal patients and the state CKD-MBD regarding 

such interactions should be drawn with substantial caution. 

In summary the osteocyte and its SOST gene product sclerostin are outstanding regulators of 

bone metabolism and target structures for several extraskeletal mediators. Viable 

osteocytes regulate the proper functionality of the skeleton which – as outlined below- has 

in turn substantial effects beyond bone metabolism [9, 32, 33]. 

 

STEP 4: Is targeting canonical Wnt signalling clinically meaningful? 

Targeting Wnt signalling offers fascinating clinical perspectives – currently expected to be 

most beneficial in the bone field [11]. To date, interfering with Wnt signalling by blocking 

sclerostin has advanced the most in postmenopausal osteoporotic patients. In a recent 12 

months phase-2 trial, blocking sclerostin activity by monoclonal antibodies increases 
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significantly bone mass in postmenopausal osteoporosis [34]. The trial compared the efficacy 

of various anti-osteoporotic therapies (alendronate, teriparatide) with different dosages of 

romosozumab, a human monoclonal sclerostin-antibody, through evaluation of lumbar and 

femoral bone mineral density in 419 women with low bone mass. Bone mass was assessed 

by densitometry at the lumbar spine and the femoral neck. Additionally, the authors 

investigated the development of serum levels of markers of bone metabolism over time. The 

primary end point was the percentage change from baseline in bone mineral density at the 

lumbar spine. Compared to placebo, as well as to the two other active intervention arms 

(teriparatide and alendronate), romosozumab treated patients exhibited a significant, dose-

dependent bone mineral density increase up to 11.3% at the lumbar spine, 4.1% at the total 

hip, and 3.7% at the femoral neck. In parallel, the study revealed a (transient) increase in 

bone formation markers and a decrease in bone resorption markers. The authors of this trial 

speculate about the assumed safety of romosozumab treatment with two major arguments: 

First, heterozygous human carriers of SOST mutations have a benign clinical course with high 

bone density but without clinical signs of bone overgrowth such as nerval compression 

symptoms [35]; second, the authors claim that SOST expression is limited to the skeleton and 

therefore blocking sclerostin activity is limited to the skeleton, too. However, this might 

actually be an over-simplification and step 9 of the present review will describe concerns 

about unpredictable extra-skeletal effects of romosozumab which recently have been 

announced by our group [36].  

 

Step 5: Why is sclerostin in particular the most promising parameter to consider among 

the various Wnt-inhibitors in the concert of CKD-MBD?  

Both sclerostin and DKK-1 are prototypic soluble Wnt inhibitors [11]. The - still limited - data 

that is currently available regarding the potential association and diagnostic value in terms 

of relevant CKD-MBD parameters is insufficient to attribute clear “scientific” or “clinical” 

superiority to either sclerostin or DKK-1. However, several lines of evidence support our view 

that sclerostin is one step ahead of DKK-1 in bone and also vascular research. This evidence 

is fuelled e.g. by the numbers of publications (e.g. retrieved via Pubmed search for “DKK-1” 

versus “sclerostin” as updated in September 2014). Sclerostin research is also more 

advanced in terms of treatment for human osteoporosis as already pointed out in step 4. A 

large-scale phase III trial is on the way to compare the efficacy of fracture prevention 
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between romosozumab and alendronate in osteoporotic postmenopausal women 

(ClinicalTrials.gov Identifier: NCT01631214). It is important to note that DKK-1 and sclerostin 

exhibit distinct biological effects and are differently regulated [17, 37, 38]. In this context it 

has been hypothesized that sclerostin exerts more specific regulatory actions within the Wnt 

cascade, while DKK-1 is more a pan-Wnt inhibitor encompassing different Wnt pathways 

[11]. Accordingly, notable differences exist between the two rodent knock-out models SOST-

/- and DKK-1-/-. While SOST-/- mice present a macroscopically rather unremarkable phenotype 

with the predominant characteristic finding of strong bones, DKK-1 null mutant embryo’s 

lack head structures anterior of the midbrain [39] which is associated with premature death. 

These animal models suggest that sclerostin activity appears to be more focused upon 

(although not limited to) mineralization processes. Therefore, therapeutic interventions 

targeting sclerostin might produce more predictable effects as compared to DKK-1. Also,  the 

association between sclerostin and DKK-1 serum levels and cardiovascular calcification are 

opposite [40]. Thus, the available evidence suggests that it is not justified to simply lump 

these two inhibitors together. Instead, sclerostin and DKK-1 should be considered two 

different types of Wnt-inhibitors, despite some homologies and similarities. Based on the 

amount and quality of data available the following sections focus mainly on sclerostin. 

 

Step 6: Potential role of Wnt inhibitors in nephrology 

The Wnt signalling pathway plays an important role in renal (patho)physiology via its 

involvement in nephrogenesis [41], renal repair, and fibrosis [42]. Experimental renal failure 

dramatically upregulates renal beta-catenin production [42]. This goes along with an 

increased expression of DKK-1 and sclerostin, as recently observed in the tubular epithelium 

of mice subjected to renal injury mimicking stage 2 CKD [43]. In addition, “standard” 

nephrological therapeutics such as vitamin D [42] and ACE-inhibition [44] interfere with the 

Wnt signalling cascade. 

Given the important role of Wnt signalling in the biology of bone and vasculature it is 

tempting to speculate about the potential role of Wnt-signalling in CKD-MBD. In particular, 

what is the contribution of sclerostin and DKK-1 to CKD-MBD [45]? CKD-MBD encompasses 

three major disturbances associated with reduced renal function: bone disease, cardio-

vascular disorders, and dysregulated mineral metabolism [10]. Especially sclerostin fulfils the 

prerequisites to qualify as relevant new player (biomarker) in CKD-MBD. These are: (i) CKD 
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on itself influences the candidate biomarker in terms of concentration and / or biological 

activity and (ii) there are links between the candidate biomarker and all three aspects of 

CKD-MBD. Indeed, CKD in humans associates with signs of disturbed Wnt signalling. 

Compared to adult individuals with normal renal function, circulating levels of both DKK-1 

and sclerostin are increased in humans with advanced or end-stage renal disease (ESRD) [46]. 

Sclerostin levels gradually increase from healthy individuals over patients with calcifying 

arteriosclerosis to heavily calcified dialysis patients [46]. It has not yet been fully determined 

to what extent this reflects increased production, renal retention or both. As far as sclerostin 

is concerned, recent clinical data argue against simple renal retention, since in parallel with 

increasing serum concentrations also urinary sclerostin concentrations as well as fractional 

sclerostin excretion increased with declining renal function (the latter from 0.45±0.26% in 

patients with CKD stage 1 to 26±18% (n=15) in CKD stage 5 (n=19) [47].  Serum levels rapidly 

return to the normal range following successful renal transplantation [48]. In case elevated 

sclerostin levels are not solely consequential to renal retention, increased production comes 

into play. The bone compartment is one candidate for increased production. However, the 

exact source of sclerostin detected in the circulation is not yet known. In vivo evidence has 

been provided that osseous sclerostin expression is upregulated in early CKD as detected by 

analyzing mouse models of moderate renal failure (juvenile cystic kidney (jck) mouse, a 

genetic model for polycystic kidney disease) [49]. The jck mouse is characterized by 

biochemical changes (starting at about week 10), cardiovascular abnormalities (starting at 

about week 15), and skeletal changes (starting at about week 9) typically seen in CKD-MBD 

[49]. As previously speculated, sclerostin production at sites outside the skeleton – e.g. the 

calcified vasculature might also occur in CKD-MBD and contribute via “spill-over” to the 

observed serum levels [46, 47, 50]. In case sclerostin metabolism is altered in CKD (i.e. the 

above-mentioned requirement (i) is fulfilled) - what about the second item (ii) – is there a 

causal association with the CKD-MBD or is sclerostin entirely innocent?  

 

STEP 7: Sclerostin associates with various CKD-MBD-related biomarkers 

In contrast to the highly elevated PTH levels (up to factor 20, 30 or even more) and in 

particularly FGF-23 levels (up to factor 1000 above the upper normal limit) in patients with 

ESRD, circulating sclerostin concentrations are only moderately, however significantly, 

increased by a factor 2 to 3 [46]. These ESRD-related sclerostin levels reveal significant 
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associations with the classical CKD-MBD biomarkers such as PTH. Plasma sclerostin levels 

within the NECOSAD cohort (NEtherlands COoperative Study on the Adequacy of Dialysis) 

cohort (n=673, age 63±14yrs, mean serum sclerostin (ELISA) 1.24±0.57 ng/mL) were 

negatively correlated with PTH levels (r = -0.25, p<0.001) [51]. 

Other researchers confirmed statistically relevant associations between sclerostin and 

classical CKD-MBD parameters in serum of CKD patients (e.g. with FGF-23 [52]). These 

mathematical correlations may reflect a biological (causal) background as described below 

for the interaction between sclerostin and PTH (PTH suppresses sclerostin expression in 

osteocytes). Sclerostin is thought to participate in several biochemical feed-back loops, as 

evidenced by the fact that sclerostin-deficient mice reveal alterations in a number of 

classical biochemical CKD-MBD-related parameters [27]. While serum calcium and PTH levels 

were not different between sclerostin-knockout and wild type-mice, FGF-23 levels were 

about 2.5 times lower in sclerostin-deficient mice compared to their wild types and vice 

versa 1,25-dihydroxyvitamin D and serum phosphate levels were significantly elevated. 

Sclerostin alters vitamin D synthesis in proximal tubular cells [27]. Hence, the above-

mentioned endocrine skeletal activity of sclerostin is not limited to paracrine effects. Taken 

together, elevated concentrations of circulating sclerostin (plasma, serum) are a novel player 

participating in the biochemical concert of CKD-MBD alterations.  

 

Step 8: Wnt signalling and inhibitors in uremic bone disease 

An important aspect to consider is a potentially causal role of Wnt signalling and its 

dysregulation, respectively, in the development of renal osteodystrophy. Data regarding how 

sclerostin and DKK-1 can cause or mediate renal osteodystrophy are still sparse. The absence 

of sclerostin in rodent models undoubtedly is associated with a high bone mass and a 

“healthy” bone phenotype as reviewed above. So theoretically, uremic SOST overexpression 

might be one contributor to disturbed bone metabolism as seen in renal osteodystrophy 

(low bone mass and altered metabolism). 

PTH downregulates sclerostin expression in osteocytes and this interaction represents an 

important aspect of how PTH stimulates bone metabolism [53]. There is substantial 

experimental evidence available that a balanced cross-talk between PTH and sclerostin is 

relevant for bone physiology. PTH administration rapidly reduces sclerostin mRNA as well as 

protein production in osteocytes [53, 54]. In healthy conditions, PTH anabolism to a certain 
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extent is mediated by suppressing the anti-anabolic activity of sclerostin. Patients with 

primary hyperparathyroidism have lower serum sclerostin. As already discussed, a negative 

correlation has been reported between PTH and sclerostin concentrations both in renal and 

non-renal individuals [51, 55]. Kramer and co-workers convincingly showed how much 

skeletal PTH actions rely upon sclerostin physiology [25]. They investigated the effects of 

intermittent PTH-administration in mouse models with sclerostin overexpression and also 

with sclerostin deficiency. Six-months old genetically engineered mice underwent a two-

months treatment period with 1-34 PTH. Both sclerostin-deficient as well as sclerostin 

overexpressing mice revealed the expected skeletal phenotype, i.e. high bone mass in the 

former and severe osteopenia in the latter. In both these genetically engineered mouse 

models the response to intermittent PTH treatment in terms of stimulation of bone 

metabolism was significantly diminished. Therefore the authors came to the conclusion that 

suppressibility of sclerostin in osteocytes is necessary to mediate anabolic responses to PTH 

[25]. Another interesting aspect within this context is that PTH exerts its bone anabolic 

effects also via LRP6 – as already discussed an important co-receptor within the canonical 

Wnt signalling [56].  

Conditions associated with supra-physiological sclerostin activity thus may impede PTH-

mediated bone anabolism. Adynamic bone disease (ABD) is a subtype of renal 

osteodystrophy characterized by substantially reduced bone formation rate, impaired 

remodelling activity and reduced osteoblastic and osteoclastic activity [57] (Figure 3). In 

uremia, high sclerostin levels may exacerbate PTH-resistance, which could cause and /or 

aggravate ABD. Bone biopsy findings support this theory. A study in which 60 adult dialysis 

patients underwent a bone biopsy after tetracycline labelling revealed a statistically negative 

correlation between serum sclerostin and PTH [58]. Most importantly, sclerostin showed 

strong negative associations with parameters of bone turnover pointing towards a role of 

high sclerostin levels in the development of ABD [58]. So the slightly elevated PTH levels in 

ABD might actually resemble a state of relative hypoparathyroidism in which PTH cannot 

overcome skeletal actions of bone suppressive mediators contributing to uremic PTH 

resistance of bone. Based on our current knowledge sclerostin qualifies as a suitable 

candidate to aggravate this PTH resistance. Experimental evidence indicates that the 

phosphorus load triggers development of renal osteodystrophy and that this causative role 

may at least in part be mediated via stimulation of sclerostin expression [59]. Ferreira and 
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co-workers performed subtotal nephrectomy and total parathyroidectomy in rats, which 

afterwards were fed a high or low-phosphorus diet for 8 weeks. Compared to the 0.6% 

phosphorus diet, the 1.2% phosphorus diet significantly stimulated SOST gene expression in 

tibial tissue and serum sclerostin levels (about 8 times higher each). This in turn was 

associated with a lower bone volume. However, bone formation rate per bone surface as 

sensitive marker for ABD was comparable between the two diets [59].  

A very recent publication about the jck mouse model, i.e. a mouse model of moderate renal 

failure, contributed remarkably to our understanding about the timely evolution of CKD-

MBD parameters during the course of the disease [49]. Interestingly, osteocytic sclerostin 

expression and consecutive suppression of beta-catenin signalling in this mouse model 

occurs earlier (week 5) than biochemical changes in serum PTH or FGF-23 (week 10). The 

increased sclerostin expression also preceded cardiovascular (starting at about week 15), 

and skeletal (starting at about week 9) changes typically seen in CKD-MBD (34). The rise in 

sclerostin-positive osteocytes was transient and diminished with increasing 

hyperparathyroidism. These findings turn sclerostin alterations to a particularly interesting 

CKD-MBD parameter, since the time course of activation might point towards causality. 

 

STEP 9: Wnt signalling and inhibitors in (uremic) vascular disease 

Wnt signalling plays a role in human atherosclerosis [60] and missense mutations in LRP6 are 

associated with premature coronary artery disease and osteoporosis [5]. Another study 

showed that rare (611C) and common (1062V) loss-of-function variants of LRP6 display 

reduced activation of Wnt/beta-catenin signalling. The rare gene variant 611C was 

associated with hypertension, metabolic abnormalities, and early coronary artery disease. 

Moreover, also the more common variant 1062V of LRP6 associates strongly with the 

presence of coronary artery disease in hypertensive patients [61].  

Vitamin K antagonist treatment such as warfarin is suspected to trigger vascular calcification 

[62, 63]. Beazley and co-workers showed that warfarin activates beta-catenin signalling in 

VSMCs in vitro by (i) increasing the amount of total beta-catenin protein, by (ii) upregulating 

its nuclear translocation and by (iii) stimulating transcription of beta-catenin target genes 

[64]. To the best of our knowledge there are no data regarding the cardiovascular status in 

sclerostosis, van Buchem`s disease or mice with genetically modified sclerostin expression. 

While participation of Wnt signalling in general atherosclerosis has already been extensively 
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reviewed [60], the particular role of sclerostin - and also DKK-1 - in uremic vascular disease is 

a novel, evolving field. Their role is currently incompletely understood, since previous 

findings are partly contradictory and important research questions have not been addressed 

yet. Recent research indicates that in human aortic valve tissue from hemodialysis patients 

with microscopic as well as macroscopic calcification a significant local sclerostin mRNA 

upregulation is detectable which is absent in aortic valve tissue from hemodialysis patients 

without calcification [46]. So it is not uremia per se but the calcification process which is 

seemingly responsible for local sclerostin expression in the vascular system. Similarly local 

sclerostin deposition was detectable in human atherosclerotic lesions via IHC staining [Figure 

4, courtesy of Dr. Nadine Kaesler, Aachen]. This up-regulated local expression in calcified 

tissue is accompanied by augmented circulating levels of sclerostin which gradually increase 

- when measured with the same ELISA - from non-uremic individuals without calcific aortic 

disease to patients with either one of the diseases towards uremic patients plus in parallel 

calcific aortic disease [46]. It remains unclear whether elevated serum sclerostin levels 

originate from the vasculature or the bone or both [46, 49]. Experimental in vitro data from 

Zhu and co-workers confirm sclerostin expression in calcifying vascular smooth muscle cells 

(VSMCs) [65]. In vitro, VSMCs express osteocytic markers when grown in a pro-calcific 

environment indicative of an osteoblastic to osteocytic transition (terminal 

transdifferentiation) [65]. Accordingly, the same authors found in vivo expression of 

sclerostin in calcified mouse aortas. Occurrence of sclerostin in calcified aortic valve tissue is 

not limited to hemodialysis patients but also in patients with dominant calcific aortic 

stenosis [66]. Moreover, ectopic sclerostin production and deposition was also detectable in 

skin specimen from patients with calciphylaxis [Figure 5] [67], while no such local sclerostin 

was found in control skin specimen from dialysis patients without cutaneous calcification. 

Vascular calcification can be quantified by non-invasive means such as X-ray or computed 

tomography and several reports about the association between calcification burden and 

serum sclerostin levels have been published: The correlation between calcification and 

circulating sclerostin was described as positive in non-uremic calcific aortic stenosis [66], in 

uremia-associated calcific aortic stenosis [46] and in aortic artery calcification in 

postmenopausal women [40]. However, no such statistically significant correlation has been 

reported between uremia-associated coronary artery calcification and sclerostin levels [46]. 

Of note, even contradictory findings were published: Register and coworkers [28] 
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investigated vascular calcification in 450 diabetic African-Americans. After fully adjustments 

only calcification of the carotid artery in men (not women) remained inversely and 

significantly associated with serum sclerostin [28]. Similarly, Claes et al also found that lower, 

not higher, sclerostin levels were determined as independent predictors of aortic 

calcification as assessed by lumbar X-ray in a cohort of 154 CKD patients [68]. Interpretation 

of these heterogeneous and partly conflicting data needs to take into account the 

anatomical structures (aortic valve, coronary artery, large elastic arteries), heterogeneity of 

study populations (particularly dialysis versus non-dialysis cohorts), different calcification 

detection methods as well as technical differences between various sclerostin assays.  It is 

important to mention that comparisons of mean Wnt inhibitor levels between cohorts 

should be limited to samples analyzed with the same assays  [46, 66]. Our group e.g. 

previously used to different ELISA-based sclerostin assays in hemodialysis patients 

(Biomedica, Austria and TECOmedical, Switzerland). Using the TECOmedical assay in 673 

patients the mean serum level was determined as 1.24 ± 0.57 ng/mL [51], which is different 

to the median level of 110 (82-151) pmol/L obtained in 100 hemodialysis patients [50]. 

Moreover, gender- and diabetes-related differences regarding sclerostin levels could only be 

obtained within the latter cohort and the Biomedica assay [50]. We are currently unable to 

define diagnostic superiority of one of these two assays, but such studies are on their way.  

Taken together, Wnt signalling activity in general and sclerostin activity in particular are 

linked to ectopic, vascular calcification processes and therefore exert calcification effects 

beyond bone mineralisation. Further research needs to determine whether sclerostin’s role 

in arteriosclerosis is pro- or anti-calcific and whether this role might vary dependent on 

background conditions, e.g. CKD. 

 

STEP 10: Determination of Wnt signalling and outcome – is there a link? 

Since vascular calcification influences cardiovascular event rate and mortality in CKD patients, 

researchers also explored the relationship between sclerostin and future outcome in ESRD 

patients. This association was e.g. assessed in the NECOSAD cohort [51]. After adjustment 

for various clinical and biochemical parameters, patients in the highest sclerostin tertile 

three months after initiation of dialysis had a significantly lower risk of cardiovascular death 

(HR 0.29, 95% CI 0.13-0.62) and for all-cause mortality (0.39, 95% CI 0.22-0.68) within 18 

months compared to patients of the lowest tertile. These findings are not in line with a 
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previously published smaller cohort in CKD patients, in which the authors detected a 

reciprocal sclerostin effect upon mortality; i.e. levels above the median were associated with 

worse cardiovascular outcome [52]. Another study by Viaene and co-workers dichotomised a 

cohort of long-term dialysis patients according to the median level of sclerostin and detected 

a significant survival benefit for patients above the median after adjusting for age and 

gender (HR 0.33, 95%CI 0.15 – 0.73, p=0.006). However, within a fully adjusted model 

including bone-specific alkaline phosphates the association between survival and sclerostin 

lost statistical significance [50]. Again, data are not homogeneous. Similarly to the situation 

in the above-mentioned calcification studies, also these three survival studies were made in 

cohorts with different clinical background and they applied different sclerostin assays – 

factors that potentially influence these findings. It remains an open question whether 

sclerostin will ever qualify as biomarker for cardiovascular health status and for survival 

prediction in CKD-MBD. 

 

Step 11: Sclerostin in pediatric populations 

To our knowledge, no data are available on sclerostin in CKD or ESRD children and 

adolescents. The role of sclerostin in the growing skeleton under uremic conditions has not 

yet been investigated.  Since puberty is the time when 25-50% of the adult bone mass is 

accrued, the growing skeleton might be particularly vulnerable to over-activity of Wnt-

signalling inhibitors. Very few data are recently published on sclerostin in pediatric 

populations and these are conflicting. On the one hand it has been demonstrated that 

sclerostin levels increase with age in adults of both sexes with a significantly higher levels in 

men comparing to women [69]; on the other hand Fischer et al. showed in a cross-sectional 

study of 424 healthy children, adolescents and young adults (aged 0.1-21 years, 221 males)  

that sclerostin levels were independent of age and gender [70].  However, Kirmani et al. 

showed that sclerostin levels were higher in boys than in girls and this gender difference 

appears already during puberty, pointing towards a role of estrogen in reducing the 

sclerostin levels [71] Furthermore, they demonstrated that  serum sclerostin levels peak 

early in life (at about age 10 years in girls and 14 years in boys), decline during the later 

stages of puberty towards a nadir at the end of puberty, and then increase again over the 

remaining adult lifetime.  
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Step 12: The future: research perspectives regarding sclerostin in CKD-MBD 

We consider the following open questions as important issues and we think they qualify as 

research targets in order to better define the role of sclerostin in CKD-MBD: 

1) Assay reliability and comparability for sclerostin measurements needs to be assessed 

prior to implementation of sclerostin measurement in clinical practice. 

2) It is unknown whether and to what extend nephrological standard of care, e.g. active 

vitamin D or calcimimetics, alters levels of soluble Wnt inhibitors. 

3) The potential association between sclerostin serum levels and outcome should 

translate into research efforts defining whether therapeutical modification of 

sclerostin levels associates with modified outcome. 

4) It is not known to what extent circulating Wnt signalling inhibitor levels in CKD 

patients originate from the vasculature or the bone. At least in postmenopausal 

women, serum sclerostin levels correlate closely with bone marrow plasma levels, 

suggesting that serum levels, at least to some extent, reflect status in the bone 

microenvironment [72]. So further research needs to define the origin of increased 

blood levels of sclerostin and if circulating levels in CKD-MBD patients reflect distinct 

tissue activities. 

5) Further research is needed to explore to what extent increased local and or systemic 

Wnt signalling antagonistic activities contribute to renal osteodystrophy in general 

and particularly to adynamic bone disease.  

6) The potential impact of disturbed Wnt signalling in children and adolescents with 

CKD or ESRD deserves special attention. We need to evaluate how Wnt signalling 

participates in the regulation of bone mass and structure during this critical period 

for skeletal development under uremic conditions. 

7) The potential contribution of Wnt signalling in uremic vascular disease as reflected 

e.g. by local tissue activities of sclerostin fuels speculations about a contribution of 

Wnt signalling in accelerated uremic arteriosclerosis. More research is needed to 

clarify the role of sclerostin as pro- or anti-calcific. 

8) While anti-sclerostin antibodies theoretically may help to overcome situations with 

over-suppressed bone metabolism in uremia (=adynamic bone disease) it seems of 

outstanding importance to further investigate the consequences of therapeutic 

blockade of sclerostin in accelerated uremic calcification. 



 16 

 

 
Summary and conclusion 

In summary, sclerostin made its way down the road from the bone niche to the 

cardiovascular field. Due to its strong links to CKD sclerostin qualifies as a novel mediator of 

CKD-MBD. Based on our current knowledge sclerostin may be considered as one of the 

driving forces of the calcification paradox in the bone-vascular axis. The available data about 

sclerostin and CKD-MBD as summarized in the present review originate solely from studies in 

adults. Corresponding data form children are absent, yet it is tempting to speculate how 

sclerostin might be involved in adolescent CKD-MBD. These gaps in our understanding bring 

us directly to potential future research targets and make us speculate about what burning 

questions should be urgently addressed. 

 
Figure legends 

Figure 1a: Soluble Wnt ligands bind to a receptor complex consisting of Frizzled and LDL-
receptor-related protein 5 and 6 (LRP5/6). Upon extracellular Wnt ligand binding the 
receptor complex interacts with the phosphoprotein Dishevelled (Dsh), which is located in 
the cytoplasm. Wnt ligand binding and activation of Dsh result in the relocation of Axin to 
the plasma membrane receptor complex resulting in disassembly of the ß-catenin 
degradation complex. This destruction complex consists of casein kinase 1 (CK1), Axin, 
adenomatosis polyposis coli (APC), and glycogen synthase kinase 3 (GSK 3) (the multimeric 
CK1-APC-GSK3-Axin complex). ß-catenin is consecutively released from this complex and 
stabelized since the absence of phosphorylation prevents degradation. In consequence, 
unphosphorylated ß-catenin accumulates, translocates into the nucleus and modifies gene 
transcription via its role as coactivator of transcription factors that belong to the TCF/LEF 
family. 
Figure 1b: In the presence of the soluble Wnt inhibitor sclerostin Wnt ligands are blocked 
from binding the LRP5/6-Frizzled receptor complex which allows in turn activation the ß-
catenin degradation complex (CK-APC-GSK3-Axin complex). Phosphorylation of ß-catenin by 
GSK3 and CK1 blocks the translocation of ß-catenin into the nucleus and enhances ß-catenin 
degradation via proteolysis. 
Figure 2: Immunohistochemical staining of sclerostin indicating the expression of the protein 
by osteocytes (arrows); BM = bone marrow; MB = mineralized bone 
Figure 3: Goldner stained section of adynamic bone. Absence of active osteoblasts, 
osteoclasts and osteoid point to the presence of adynamic bone.  
Figure 4: Example of immunohistochemical staining for sclerostin in human atherosclerostic 
lesions of a resected internal carotid artery (arrows) (courtesy of Dr. Nadine Kaesler, Aachen). 
Figure 5: Immunohistochemical staining for sclerostin of a skin specimen from a dialysis 
patient with calciphylaxis (arrows). Specimen was obtained in close proximity to an 
ulcerative lesion of dialysis-associated calciphylaxis (bar 200µm) 
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