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Abstract

Sclerosteosis and Van Buchem disease are two rare bone sclerosing disorders characterized 
by increased bone mineral density, tall stature and entrapment of cranial nerves due to over-
growth of a highly dense bone. Recent advances in human genetics have revealed the genetic 
background of these disorders by cloning the SOST gene, which is localized on chromosome 
region 17q12-q21 and codes for sclerostin. Sclerostin is a protein produced almost exclusively 
from osteocytes inhibiting bone formation by both osteoblasts and osteocytes. At the molecular 
level, sclerostin inhibits the Wnt signaling pathway, which plays a critical role in osteoblast 
development and function. Induced sclerostin deficiency in mice reproduces the bone scleros-
ing human diseases, while sclerostin excess leads to bone loss and reduced bone strength. The 
extracellular nature of sclerostin has rendered it a promising target for the development of 
novel anti-osteoporotic treatment. Otherwise healthy carriers of the SOST mutation present 
with increased bone mass and low levels of sclerostin in serum in contrast to patients with 
sclerosteosis, who exhibit undetectable levels, thus pointing to the possibility of titration of 
sclerostin levels in the circulation. Based on these unique characteristics, human anti-sclerostin 
antibodies have been developed and tested in ovariectomized rats and monkeys, demonstrat-
ing very promising results in bone formation. Clinical phase II and III trials are currently 
underway thereby translating human genetics to drug development.
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development and continuing throughout childhood 
and adolescence as the skeleton grows. This lifelong 
process is characterized by continuing cycles of bone 
remodeling, consisting of bone resorption and bone 
formation, and it is essential for skeletal morpho-
genesis during growth (modeling) and the repair of 
micro-damages in adult life (remodeling).1

Tight coordination of osteoblast, osteocyte and 
osteoclast function is very important for bone ho-

INTRODUCTION

Bone formation is an essential process of the de-
velopment of the human body, starting during fetal 
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meostasis.2 Abnormalities in bone remodeling due 
to impaired signaling or malfunction of these cells 
result in skeletal disorders. 

Sclerosteosis and Van Buchem disease are two rare 
skeletal disorders characterized by generalized bone 
overgrowth. Recent advances in molecular genetics 
have revealed that both of them are caused by func-
tional mutations in the SOST gene, which is localized 
in the 17q12-21 chromosomal region and codes for 
sclerostin, a glycoprotein that is solely expressed by 
osteocytes.3-6 Sclerostin acts as a negative regulator 
of bone formation, through inhibition of the Wnt 
signaling pathway, which is of critical importance 
for the development and function of osteoblasts.7 
Undetectable or very low levels of sclerostin in these 
patients result in excessive bone growth and increased 
bone strength8 (Figure 1).

Since the first description of Van Buchem dis-
ease and sclerosteosis, several in vitro and in vivo 
studies have pointed to the critical role of sclerostin 
in bone remodeling and have paved the way to the 
development of novel molecular targets for treatment 
of osteoporosis and other metabolic bone diseases 
characterized by low bone mass. 

Sclerosing disorders caused  
by dysfunction of the SOST gene

Sclerosteosis

Sclerosteosis is a rare bone dysplasia first de-
scribed in 1958 and it is most common among Af-
rikaners, mainly white, of Dutch origin in South 
Africa, although other cases have also been reported 
worldwide.9 It is caused by 6 different types of loss-
of-function mutations of the SOST gene, resulting 
in reduced production of sclerostin, and is inherited 
in an autosomal-recessive mode.6 All patients are 
homozygous for these mutations and the complete 
absence of sclerostin results in overgrowth of skull 
bones, mandible, ribs, clavicles, long bones and pel-
vis. Patients are usually tall and have a characteristic 
face because of the facial deformities of bossing of 
the forehead and enlargement of the mandible.10 In 
addition, due to narrowing of the foramina of the 
cranial nerves and the consequent entrapment of 
nerves, nerve deficits are commonly encountered. 
Unilateral or bilateral facial nerve paralysis is the most 
common clinical finding and varies from moderate 
to severe. Hearing loss and visual impairment have 
also been reported.11,12 Other malformations include 
syndactyly, radial deviation of the terminal phalanges 

Figure 1. Sclerostin: From genes to antibodies. After its secretion from osteocytes, sclerostin binds to the LRP5/6/4 proteins in the 
cellular membrane in an autocrine and/or paracrine manner, inhibiting activation of Wnt signaling which regulates differentiation, 
proliferation and apoptosis of osteoblasts and osteocytes. Sequestration of beta-catenin also leads to activation of osteoclastogenesis. 
Inactivation of sclerostin either by mutations of the SOST gene or by anti-sclerostin antibodies leads to increased bone formation.
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and nail dysplasias.13 Moreover, due to cranio-tubular 
hyperostosis, patients often present with increased 
intracranial pressure, which is severe and persistent. 
This results in episodic early morning headaches that 
are accompanied by nausea and dizziness with the 
majority of patients requiring surgical intervention 
during childhood and adolescence.14 In most cases 
the symptoms appear during early childhood and 
adolescence and progress until the third decade. After 
the 25th year of age symptoms usually stabilize with 
no new clinical findings or progression.8 

Interestingly, heterozygote carriers of the SOST 
mutation have detectable serum sclerostin levels and 
are symptom-free. However, their bone mass is high 
normal or high compared to healthy same-aged peers, 
although lower than in homozygous patients, and they 
are less prone to fractures. This observation led to 
the initial hypothesis that there is a gene-dose effect 
on circulating sclerostin, which results in different 
clinical phenotypes.8,15 

Van Buchem disease

This is a skeletal disorder initially described in 
1955, which appears more frequently in persons of 
Dutch ancestry.16-18 It is caused by a 52-kb deletion 
downstream of the SOST gene, which results in lack 
of a SOST-specific regulatory element and, like scle-
rosteosis, is an autosomal recessive disease.5,19-21 All 
patients are homozygous for this deletion and have 
reduced levels of sclerostin, in contrast to sclerosteosis 
patients who have undetectable levels of sclerostin, 

and this difference is probably responsible for the 
milder phenotype of the Van Buchem disease.22 It is 
characterized by increased bone mass with enlarge-
ment of the mandible and macrocephaly but with 
normal stature. Patients almost never experience 
fractures, even when involved in major accidents 
such as falls from heights or car accidents.22 As with 
sclerosteosis, patients present with complications such 
as facial palsy, hearing impairment, visual problems, 
smell deficiency and neuralgic pain due to narrowing 
of nerve canals and encroachment of nerves on the 
cranial foramina.22 Similarly, clinical features and 
complications do not progress after adulthood, but 
they are less severe because of slower progression of 
bone overgrowth after the first years of life in com-
parison to sclerosteosis.3,22 In addition, although not 
as often as in sclerosteosis, patients have increased 
intracranial pressure but in most cases they do not 
need craniotomy. Unlike sclerosteosis, however, Van 
Buchem patients do not present with syndactyly or 
nail dysplasias (Table 1).13,22 This is probably explained 
by the fact that the missing regulatory element of the 
SOST gene does not control transcription of the SOST 
gene during the embryonic life.22,23 Heterozygotes are 
symptom-free and sclerostin levels are lower compared 
to healthy individuals but are increased compared to 
homozygous sclerosteotic patients. In addition, the 
bone mineral density of Van Buchem carriers—some 
of whom experience fractures—also varies from low 
to very high, in contrast to sclerosteosis carriers, all 
of whom present with high normal values.22,24 

Table 1. Human sclerostin deficiency

Disease Sclerosteosis Van Buchem disease 

Genetic defect Loss-of-function mutation of SOST gene on chromosome 
17q12-q21 

52 kb deletion downstream of SOST 

Prevalence High in Afrikaners of South Africa High in Urk in the Netherlands 

Homozygotes • undetectable serum sclerostin levels

• dense bones 

• tall stature 

• syndactyly 

• low serum sclerostin level 

• phenotype  similar to sclerosteosis but less severe 

• no tall stature 

• no syndactyly 

Heterozygotes • phenotypically normal 

• low but detectable serum sclerostin levels 

• dense bones 

• rarely fracture 

•phenotypically normal 



The sclerostin journey	  479

Sclerostin

Sclerostin is a glycoprotein that belongs to the 
DAN family of bone morphogenetic protein (BMP) 
antagonists25 and contains a C-terminal cysteine 
knot-like domain.25,26 Sclerostin is expressed mainly 
in osteocytes, and more specifically in mature osteo-
cytes, which are located deeper in the bone, while it 
is not present in osteocytes near the bone surface.4,26 
Due to its similarity to the DAN family of proteins, 
sclerostin was initially considered to be a BMP an-
tagonist.4 Later studies, however, demonstrated that 
sclerostin’s mechanism of action is different from 
that of the classical BMP antagonists and is medi-
ated through inhibition of Wnt signaling activity.4,26 

The Wnt signaling pathway is an evolutionary, 
highly conserved, intracellular signal transduction 
pathway that participates in various cellular functions 
in different tissues of the body in a paracrine and/or 
autocrine manner.26 The signal is transducted through 
binding of Wnt proteins in a trans-membrane recep-
tor complex that consists of a 7 membrane spanning 
receptor of the Frizzled family of G-proteins coupled 
receptors (GPCR) and a single trans-membrane co-
receptor that belongs to the low-density lipoprotein 
family of receptors (LRP5/6/4). Mutations in LRP 
genes result in a high bone mass phenotype.27 

In the absence of Wnt proteins, cytoplasmic beta-
catenin is phosphorylated by an intracellular protein-
complex, which includes the proteins Disheveled and 
Axin, and the kinases glycogen synthase kinase 3-beta 
(GSK3β) and casein kinase (CK). Upon phosphory-
lation, beta-catenin is degraded by the intracellular 
proteasome-ubiquitin proteolytic system.26,28 Binding 
of Wnt proteins to Frizzled receptor triggers the 
phosphorylation and activation of Disheveled, which 
in turn causes recruitment of Axin in the membrane 
where it binds with the intracellular part of the LRP5 
receptor and represses GSK-3β activity. This sequence 
of events allows beta-catenin to escape phosphoryla-
tion and translocate into the nucleus, where it binds 
with TCF/LEF transcription factors and activates 
transcription of target genes.

Sclerostin is one of the extracellular antagonists 
of the Wnt signaling pathway, such as Dickkopf, 
Wnt inhibitory factor (WIF) and secreted Frizzled 
related proteins (sFRPs). Through an autoregulating 

mechanism, the transcription of the SOST gene itself is 
regulated by the canonical Wnt-signaling pathway.26,28 

Circulating sclerostin binds to the LRP5/6/4 
proteins preventing the intracellular part of LRP5 
from restraining Axin and free beta-catenin from 
the intracellular protein complex, this leading to its 
phosphorylation and degradation and consequently 
inhibition of Wnt signaling.

Over the past few years, the Wnt/beta-catenin-
signaling pathway has been shown to be an important 
regulator of bone mass accrual and maintenance by 
increasing osteoblastogenesis and bone formation. 
Inactivating mutations in the LRP5 gene result in 
the osteoporosis pseudoglioma syndrome,29 and gain-
of-function mutations give rise to a high bone mass 
phenotype in humans.30-32 Inactivating mutations in 
the LRP4 gene result in the Cenani-Lenz syndrome, 
an autosomal recessive disorder affecting distal limp 
development.33 The recapitulation of these phenotypes 
in mice models opened the way to understanding the 
crucial role of this pathway in bone metabolism.34

Regulation of sclerostin expression

Expression of sclerostin by osteocytes is regulated 
by mechanical forces and hormones that are known to 
affect bone metabolism such as parathyroid hormone, 
calcitonin and glucocorticoids.35 Studies in vitro and 
in animal models have shown that parathyroid hor-
mone inhibits the expression of the SOST gene by 
osteocytes.36 In line with the in vivo studies, patients 
with primary hyperparathyroidism due to chronic 
elevation of PTH have significantly lower serum 
sclerostin levels compared with patients who have 
undergone parathyroidectomy and have normal PTH 
concentrations, thus confirming the down-regulation 
of the SOST gene by PTH in humans.37 Calcitonin, 
on the other hand, which inhibits osteoclast resorp-
tion, up-regulates sclerostin expression by osteocytes, 
while it decreases other osteocyte products such as 
MEPE and DMP.35,38,39

Mechanical stimulation of the skeleton either 
through exercise or experimental loading induces bone 
formation, while immobilization increases the number 
of sclerostin positive osteocytes.40,41 Sclerostin levels 
are also affected by sex steroids. Estrogen replace-
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others,59,60 serum sclerostin levels have been positively 
associated with increased fracture risk. Regarding 
bone mass, however, and in contrast to what would 
normally be expected given that sclerostin is a po-
tent inhibitor of the Wnt signaling pathway, serum 
sclerostin levels have been found to be positively 
associated with bone mineral mass. The reason for 
these findings is not yet clear and probably changes 
in other parameters of bone metabolism such as bone 
quality, and bone microarchitecture or other yet un-
recognized mechanisms, may contribute. Sclerostin 
has also been measured in a variety of other clinical 
conditions including ankylosing spondylitis, chronic 
kidney disease, diabetes, fractures, multiple myeloma 
and spinal cord injury.61 

Despite increasing knowledge in the field of scle-
rostin biology, certain issues regarding biological vari-
ability and the validity of immunoassay measurement 
in the serum remain unresolved. Gender, age and 
seasonal or circadian variability62 are known to affect 
serum levels of sclerostin. In addition, mechanisms of 
sclerostin clearance from the circulation either from 
the liver or kidneys and the potential influence of 
organ dysfunction in serum measurements as well as 
the impact of pharmacological intervention63 should 
also be taken into consideration when interpreting 
sclerostin levels in clinical practice. 

Currently there are three commercial sclerostin 
assays available, while several studies have report-
ed results from non-commercially available56,57 or 
laboratory-generated ‘in-house’64 assays. In two of 
the commercially available assays (Biomedica and 
TECO assays), a monoclonal anti-sclerostin second-
ary antibody is used, while in the third assay (MSD 
assay), which seems to be the only one that detects 
the intact sclerostin molecule, a polyclonal secondary 
antibody is in use. Differences between the assays 
have been reported and probably reflect differences 
in the epitopes recognized or cross-reactivity with 
the related sclerostin domain-containing protein 1 
(SOST-DC1).65 

Taking into consideration the data reported so 
far, measurements of serum sclerostin levels appear 
useful for understanding the mechanisms by which 
osteocytes respond to hormonal, physical and phar-
macological stimuli,61 but there are as yet numerous 

ment treatment of postmenopausal women inhibits 
increases of sclerostin levels that normally follow 
sex steroid deficiency.42 In elderly men, physiologic 
estrogen prevented the rise of sclerostin levels. On 
the other hand, testosterone replacement following 
the GnRH agonist leuprolide acetate suppression of 
endogenous estrogen and testosterone production 
did not appear to affect sclerostin levels.42 

Glucocorticoids have been shown to increase the 
expression of sclerostin in vivo and in vitro.43-45 Data 
in humans are scarce and there is considerable dis-
crepancy between results, probably due to different 
doses and duration of treatments as well as differ-
ences in the characteristics of patients treated with 
glucocorticoids. In patients with endogenous hyper-
cortisolism, circulating sclerostin levels were reported 
to be decreased and to increase during biochemical 
remission of the disease.46 In another study, however, 
a progressive decrease in Dickkopf-related protein 
1 (Dkk-1) serum levels and an increase in circulat-
ing sclerostin levels after long-term follow-up have 
recently been reported in patients treated with high 
doses of exogenously administered glucocorticoids.47 

Apart from circulating hormones, sclerostin ex-
pression is also influenced by cytokines acting in the 
bone microenviroment. Paracrine- and autocrine-
acting factors such as prostaglandin E2, oncostatin 
M, cardiotrophin-1 and osteoblastic transcription 
factors, including osterix, zinc finger protein 467 and 
leukemia inhibitory factor, also regulate osteocyte 
sclerostin expression in a cellular-context dependent 
manner.48-53 

Finally, different stages in osteoblast differen-
tiation can cause changes in sclerostin expression 
in response to inhibitors of ephrin signaling or to 
inflammatory mediators such as tumor necrosis fac-
tor and tumor necrosis factor-like weak inducer of 
apoptosis (TWEAK).54,55 

Serum sclerostin levels

Although serum sclerostin levels have been found 
to be highly associated with bone marrow levels,56 
inconsistent results regarding changes of sclerostin 
levels in different conditions are frequently encoun-
tered. For instance, in some studies,57,58 but not in 
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issues to be resolved in order to incorporate these 
measurements into clinical practice. 

Α novel target for drug development 
in the treatment of osteoporosis

Its extracellular nature and its almost exclusive 
production from osteocytes have rendered sclerostin 
a promising target for the treatment of osteoporosis. 
In vivo models of SOST knockout mice and preclinical 
studies in rodents and primates have confirmed scle-
rostin’s bone-forming action. Moreover, an interesting 
observation in humans —the increased bone mass 
in the absence of symptomatology in heterozygous 
carriers of SOST inactive mutations8,15— has led to 
the hypothesis that pharmacological inhibition of 
sclerostin would not be expected to cause adverse 
bone-overgrowth effects. Thus a new path for devel-
opment and use of sclerostin antibodies in humans 
was opened.

In vivo studies

In an in vivo model of sclerostin deficiency, adult 
SOST knockout mice (SOST-/-) were phenotypically 
similar to wild type (WT) littermates with normal 
skeletal appearance,66 in contrast to patients with 
sclerosteosis who usually present with facial distor-
tions and syndactyly.3,9,13 The only important difference 
between the two groups of mice was the significantly 
higher bone mass found in SOST-/- mice. By means 
of DXA analysis, SOST -/- mice demonstrated sig-
nificantly higher BMD values (>50%) on both the 
lumbar vertebrae and the whole leg, compared to 
wild type and heterozygous for SOST targeted allele 
mice, whereas there was no significant difference in 
BMD values between WT and heterozygous mice. 
Femoral μCT analysis showed significant increases in 
bone volume of both trabecular and cortical compart-
ments and this was confirmed in histomorphometric 
analysis where increased osteoblast but not osteoclast 
surface was apparent in trabecular, endocortical and 
periosteal surfaces with normal lamellar bone structure 
in all areas.66 Biologically consistent with the results 
from the knockout mice were the observations from 
sclerostin-transgenic mice that overexpressed human 
SOST gene. As a mirror image of SOST-knockout, 
these mice exhibited reduced bone mass, disorganized 

bone microarchitecture, impaired lamellar bone 
formation and chondrodysplasia.67 

Preclinical studies WITH sclerostin 
antibodies

Further investigation into the sclerostin effect 
on animal bone phenotype was conducted assessing 
the effectiveness of pharmacological inhibition of 
sclerostin. 

Administration of sclerostin neutralizing mono-
clonal antibodies was tested in aged ovariectomized 
rats68 and gonad-intact female cynomolgus monkeys,69 
displaying clear anabolic effects with significant in-
creases in bone formation on trabecular, periosteal, 
endocortical and intracortical surfaces.

In both studies, antibody-mediated sclerostin inhi-
bition resulted in a rapid increase in bone formation 
that returned to baseline as the antibody was cleared 
from the circulation. Interestingly, this effect was 
completely reproducible in sequential administra-
tions, suggesting that similar rapid modulation of 
bone formation could be expected with pharmacologic 
regulation of sclerostin activity in humans.

Clinical studies with sclerostin 
antibodies

In clinical studies, two structurally diverse human-
ized sclerostin antibodies, romosozumab (AMG 785, 
CDP-7851; co-developed by Amgen, Thousand Oaks, 
CA, USA, and UCB, Belgium) and blosozumab (Eli 
Lilly and Company, Indianapolis, IN, USA) have 
shown favorable effects in postmenopausal women 
with osteoporosis, confirming data from preclinical 
models (Table 2). Τhe first humanized sclerostin 
monoclonal antibody (romosozumab) was tested 
in phase 1 and 2 clinical trials demonstrating a well 
tolerated safety profile and significant gains in bone 
mass.70,71

In the phase 1 study, romosozumab administered 
either intravenously (IV) or subcutaneously (SC) in 
healthy men and postmenopausal women with low 
bone mass was well tolerated at all doses, exhibiting 
only mild adverse events (60% for SC romosozumab 
vs. 64 % for SC placebo and 25% for IV romosozumab 
vs. 50% for IV placebo), including injection site reac-
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tions, back pain, headache, constipation, dizziness and 
arthralgia.70 There was one case in the romosozumab 
group (10 mg/kg SC) with severe non-specific hepatitis 
developed one day after dosing that was, however, 
completely resolved three weeks later (on the 26th 
day). Mild decreases in ionized calcium were seen 
in the romosozumab group and were associated with 
increases in PTH, but this was a transient effect. In 
this study, romosozumab increased bone formation 
and decreased bone resorption, leading to significant 
gains in BMD and thus supporting further clinical 
investigation.

In the first phase 2 randomized, placebo-controlled 
parallel group, multicenter study, administration 
of romosozumab SC at various doses was tested in 
terms of efficacy and safety over a 12-month trial in 
approximately 400 postmenopausal women.71

Participants were aged between 55-85 years with 
lumbar spine, total hip or femoral neck T-score ≤–2.0 
and ≥–3.5 and administration of romosozumab was 
compared to SC placebo, open label alendronate or 
open label teriparatide.71

The dose of 210 mg of romosozumab monthly 
significantly increased bone mass at all skeletal sites 
(11.3% at the spine, 4.1% at the hip and 3.7% at the 
femoral neck). Moreover, romosozumab induced 
greater increases in bone mass not only compared 
to placebo but also compared to alendronate and 
teriparatide. 

Increase in markers of bone formation was re-
ported from the very first week of treatment with 
romosozumab, reaching maximum levels after one 
month and decreasing to baseline or lower between 
the second and the ninth month. The marker of bone 
resorption beta-crosslaps (β-CTX) in the serum de-
creased significantly in the first week and remained 

reduced during the 12-month trial in the romosozumab 
group. There were no significant differences in the 
adverse events between the romosozumab and the 
placebo group except for reactions related to the 
injection. In particular, the incidence of severe ad-
verse events in the group receiving the highest dose 
of romosozumab was 10% compared to 14% seen in 
the placebo group. 

At this year’s ASBMR meeting, the researchers 
McClung and colleagues presented data from the 
second year of romosozumab treatment followed 
by one year of denosumab or placebo. Monthly ad-
ministration of 210 mg romosozumab continued 
to significantly increase BMD in the lumbar spine 
(15.7%) and total hip (6%) through the second year, 
while bone turnover markers procollagen type 1 N-
terminal propeptide (P1NP) and β-CTX remained 
below baseline levels.

Women who switched to denosumab after two years 
continued to increase BMD at a rate similar to that 
observed during the second year of treatment with 
romosozumab. In women who switched to placebo, 
however, BMD decreased significantly, reaching pre-
treatment levels at the end of the third year. These 
results were comparable to those reported in the 
DATA-Switch study where denosumab prevented 
bone loss and further increased BMD in women 
who were pre-treated with teriparatide for two years 
(results by Benzamin L and colleagues presented at 
the same ASBMR meeting in 2014).

Computed tomography scans for L1 vertebrae 
and high resolution quantitative computed tomog-
raphy (HR-qCT) scans of T12 vertebral bodies were 
performed in a subset of women treated with romo-
sozumab in order to evaluate the effect of treatment 
on cortical and trabecular compartment parameters; 
these results were also presented by Whitmarsh T et 

Table 2. Clinical studies of humanized monoclonal antibodies to sclerostin for osteoporosis

Compound Type Phase 1 Phase 2 Phase 3 

Romosozumab  
(AMG785/CDP7851) 

IgG2 Completed Padhi D et al,  
2011 

Completed McClung MR 
et al, 2014 

FRAME study ClinicalTrials.gov 
Identifier: NCT02016716

Blosozumab  
(LY2541546) 

IgG4 Completed McColm J et al,  
2014 

Completed Recker et al 2014 
Benson C et al, ASBMR 2014 

-

BPS804 IgG2 Completed,  
not yet published

ClinicalTrials.gov  
identifier: NCT01406548

-
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al and Damm T et al at this year’s ASBMR meeting. 
Twelve months’ treatment with romosozumab signifi-
cantly improved cortical parameters, such as cortical 
BMD and cortical bone mineral content (BMC) 
compared to teriparatide or placebo, while trabecular 
BMD changes were similar between the teriparatide 
and the romosozumab group. In addition, using HR 
qCT, researchers were able to demonstrate that gains 
in the cortical compartment were attributed to both 
endocortical and periosteal bone matrix apposition, 
indicating a favorable effect of romosozumab not only 
on bone mass but also on bone strength. 

The clinical effect of romosozumab to reduce 
fracture risk is currently being evaluated in an ongoing 
phase 3 pivotal placebo-controlled fracture study in 
postmenopausal women with osteoporosis (FRAME 
study, www.clinicaltrials.gov), which is projected to 
be completed in December 2016.

Safety and tolerability of blosozumab was recently 
reported in the first phase 1, randomized, placebo-
controlled study with escalating doses, single or 
multiple, for eight weeks.72 There was a change of 
up to 3.41% (p<0.002) and up to 7.71% (p<0.001) 
from baseline in lumbar spine BMD at day 85 after 
single or multiple administrations of blosozumab, 
respectively, in healthy postmenopausal women aged 
between 45 and 80 years. 

Prior bisphosphonate use did not appear to have 
an impact on the effects of single doses of blosozumab 
in terms of changes in bone turnover markers and 
BMD responses. Blosozumab was generally well 
tolerated, and the most commonly seen adverse 
events, regardless of causality, included arthralgias, 
back pain, fatigue, headache, injection site reactions, 
nausea and vomiting and respiratory track infections. 
A dose-related trend towards increases in serum 
iPTH was associated with a trend towards decrease 
in urinary and serum calcium. Development of anti-
bodies against blosozumab were detected in 12% of 
patients after a single dose and in 36% of patients 
after multiple doses, without, however, evidence of 
a neutralizing effect or an impact on safety profile.72 

Data from a phase 2, randomized, parallel-design, 
double-blind, placebo-controlled, study that assessed 
the safety and efficacy of different blosozumab doses 
given SC in postmenopausal women (n=120) with a 

mean age 65.8y and mean lumbar spine T-score -2.8, 
were also recently reported.73 Blosozumab significantly 
caused dose-related increases in BMD in the lumbar 
spine, total hip and femoral neck compared to pla-
cebo at 52 weeks of treatment. At the highest dose 
of 270 mg every two weeks, BMD increased 17.7% 
at the spine and 6.2% at the total hip. Bone forma-
tion markers increased rapidly during treatment and 
decreased towards baseline levels by the end of the 
study, except for bone-specific alkaline phosphatase 
that remained higher compared to placebo with the 
dose of 270 mg every two weeks. The bone resorption 
marker β-CTX decreased significantly in the first two 
weeks and remained reduced throughout blosozumab 
treatment. The researchers demonstrated no signifi-
cant differences in the adverse events seen between 
blosozumab treatment and placebo, except for mild 
injection site reactions that were more frequently en-
countered with blosozumab (22.6% to 40% vs. 10.3% 
in the placebo group). These reactions, however, were 
not associated with the development of anti-drug 
antibodies. Thirty-five percent of the participants 
developed anti-drug antibodies but only in one case 
was a neutralizing effect to blosozumab confirmed.73 

Data from a 52-week follow-up of this phase 2 
study, where participants did not receive blosozumab, 
were presented at this year’s ASBMR meeting by 
Benson C et al. Treatment discontinuation led to 
decreases in BMD in all blosozumab groups, although 
for the doses of 270 mg and 180 mg every two weeks, 
lumbar spine, total hip and femoral neck BMD and 
lumbar spine and total hip BMD, respectively, re-
mained significantly greater compared to placebo. 

Surprisingly, with both antibodies the pattern of 
anabolic action, as reflected by changes in bone for-
mation markers, was brief and returned to baseline 
values despite continued administration of the drug, 
raising questions as to whether this bone anabolic ef-
fect will be sustained after prolonged administration 
(>1 year) or after discontinuation of treatment.74 
Even more surprising, however, was the chronic sup-
pression of bone resorption markers. This pattern 
of bone turnover markers was not seen before with 
currently available anti-osteoporotic therapies. Potent 
anti-resorptive agents, such as bisphosphonates, deno-
sumab or cathepsin K inhibitors, suppress both bone 
formation and bone resorption markers, while teri-
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paratide increases levels of bone-formation markers 
but, after a delay, increases bone-resorption markers 
as well. A plausible explanation for the suppressive 
effect of sclerostin antibodies on bone resorption 
could be the decrease of RANKL production as well 
as the increase of osteoprotegerin by the osteocyte.74 
Nevertheless, results regarding sustained efficacy 
and safety from longer administration (>1 year) of 
sclerostin antibodies are not yet available, thus the 
optimal duration of treatment which is associated with 
the highest rate of response is currently unknown.75 
Ongoing phase 3 clinical trials with romosozumab 
will probably yield some answers.

In line with the above, the efficacy and safety of 
a third IgG2 humanized sclerostin antibody, BPS804 
(Novartis, Basel, Switzerland) (Table 2), has been 
evaluated in a randomized, double-blind, placebo-
controlled phase II study [ClinicalTrials.gov identifier: 
NCT01406548]. The study was completed in October 
2013 but the results were not yet announced at the time 
of writing. The primary efficacy endpoint is change 
in lumbar spine BMD at month 9 compared with 
baseline. Subjects for this study are postmenopausal 
women aged 45-85 years with a baseline lumbar spine 
T score from –2 to –3.5. 

Safety and tolerability of BPS804 is also being 
evaluated in adults with hypophosphatasia [Clini-
calTrials. gov identifier: NCT01406977] and osteo-
genesis imperfecta [ClinicalTrials. gov identifier: 
NCT01417091].

Concluding remarks

The sclerostin journey is an exciting one, progress-
ing from human genetics to the development of novel 
anabolic treatment for osteoporosis. The challeng-
ing initial studies on sclerosteosis and Van Buchem 
disease have stimulated efforts and paved the way 
for more specific, advanced and targeted research 
into the underlying genetic deficiency.

Antibody-mediated inactivation of sclerostin ap-
pears to be a very promising therapeutic approach 
demonstrating a favorable safety profile and significant 
gains in the restoration of bone mass. The restricted 
expression of the SOST gene in skeletal tissue points 
to a low risk of extra-skeletal effects in line with the 

safety data presented so far by the two available 
sclerostin antibodies. 

However, controversy already exists regarding the 
potential effect of sclerostin on the vasculature,76 since 
expression of SOST protein has been documented 
in calcifying vascular tissues in vitro70,71 as well as 
in clinical studies and Wnt signaling plays a critical 
role in various aspects of vascular pathophysiology.77 

In hemodialysis patients, serum sclerostin levels 
were found to be inversely associated with mortality,78 
raising concerns about the long-term cardiovascular 
safety of sclerostin inhibition. Further investigation 
is needed in order to address this critical issue and 
shed more light on the potential effects of sclerostin 
on the vasculature. 

Despite concerns, however, anti-sclerostin therapy 
appears to be a potential strategy for the manage-
ment of osteoporosis and other skeletal disorders 
and clinical phase II and III studies assessing fracture 
risk are ongoing, completing the journey from human 
genetics to drug development (Table 3).

Table 3. Sclerostin chronology

1950s First description of sclerosteosis (1958) and van Bu-
chem disease (1955) 

1998-99 Mapping of the genetic defect to chromosome region 
17q12-q21 for both diseases 

2001 Loss-of-function mutation of SOST gene found in 
sclerosteosis patients leading to sclerostin deficiency 

2008 Sclerostin knockout mice develop high bone mass 

2009 Administration of monoclonal antibody to sclerostin 
increases bone mass in rats 

2011 Report of the first phase 1 study with sclerostin an-
tibody in humans 

2014 Report of phase 2 studies with sclerostin antibodies. 
Two other studies with different antibodies in progress 
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