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Sclerostin: A Novel Key to Bone and Dental Treatment
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Abstract: Problem statement: Tooth loss can induce dramatical remodeling ofealar bone
because of mechanical loading impairment and sgiraseto help maintain adequate bone levels
for subsequent therapies are sorely needed. Redisnbveries have shown that osteocytes,
matrix-embedded cells in bone, respond to mechastimulation by modulating the expression
of the Sost gene, which encodes for the proteierestin. This protein can oppose the WNT
canonical pathway, a signaling cascade which regslasteoblastic differentiation and bone
homeostasis and thus orchestrate bone turn-overrdiog to the skeleton’s mechanical needs.
Conclusion: Experimental attempts at Sclerostin inhibition éguwovided interesting data on a
novel approach to decrease bone resorption and gieorbone formation, with important
implications for the orthopedic and dental field.
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INTRODUCTION 1999; Bikleet al., 2003; Guadalupe-Great al., 2009;
Hamilton et al., 2010) and alveolar bone too is heavily
Bone is remodeled by teams of bone forming cellsaffected by loss of mechanical stimulation. Toaiksl
the osteoblasts and bone resorbing cells, thedats, and thus absence of masticatory loads, inducesafiam
which cooperate within Bone Multicellular Units remodeling processes that quickly lead to ridge
(BMU). These structures remodel and renovate theesorption (Amler, 1969; Cardaropoét al., 2003;
skeleton by gradually replacing old bone with newlizuka et al., 1992; Ulmet al., 2009). This can pose
tissue (Martin and Seeman, 2008; Matsuo and lIriesignificant problems to prosthetics and surgical
2008; Parfitt, 2002). As new matrix is depositedrehabilitation. Some authors have also shown dioela
osteoblasts can die by apoptosis or terminallypbetween the design and shape of endosseous implants
differentiate into lining cells, which form a layéihhat common bone-retained devices used to support dental
covers the whole bone surface. Some cells howerer ¢ prosthesis and the preservation of the alveolagerid
become progressively encased within the matrix theypresumably because of alteration in masticatorgefor
contributed to build and be left behind as the BMUloading (Bratuet al., 2009; Eraslan and Inan, 2010;
progresses, while maintaining their intercellulangtions  Kong et al., 2008; Orsinit al., 2009; 2012; Veldet al.,
with the neighboring cells on the surface. As thegome 2009; Vandeweghet al., 2010; Wanggt al., 2009).
trapped within a lacuna in bone these osteoblasts Bone is therefore capable to perceive mechanical
differentiate to a stage known as osteocyte (FranzZorces and respond appropriately to the force vedtat
Odendaalet al., 2006; Hiraoet al., 2007; Paicet al.,  are applied to it, in order to better adapt torteeds and
2009). This complex network of cells provides bonethe activity of the organism. Several hypothesiseha
with the capability to renovate itself and to resgpdo  been formulated to explain this behavior, such as
outer stimuli, both metabolic and mechanical. Themodifications in piezoelectric charges along bone
importance of mechanical loading for bonesurfaces upon application of mechanical forces
maintenance is now accepted as one of the cornesto (Fernandezt al., 2012; Fuet al., 2011). More recently
of bone biology (Duycket al., 2001; Isidor, 2006; however, a growing amount of evidence points at the
Kitamuraet al., 2004; Mellalet al., 2004; Wiskott and possibility that the osteocytes buried in mineradiz
Belser, 1999). It is known that absence of grawty matrix can act as mechanosensors (Beital., 2009;
prolonged inactivity decrease bone strength andeBonSouza et al., 2005; Forwood and Turner, 1995;
Mineral Density (BMD) in limbs (Bikle and Halloran, Isakssoret al., 2009).
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The osteocytes. Osteocytes and their cellular projections protein of the Armadillo family. Althougf-catenin is a
that are contained in bone canaliculi form a widenormal constituent of cell-to-cell junctions. itrcéorm
network in bone, somewhat comparable to the nervoua cytoplasmic complex with two kinases, Glycogen
tissue organization. Recent evidence has shown th&ynthase Kinase 3 (GSK3) and Casein Kinase 1a (CKI)
osteocytes are required for bone maintenance. @#e0 and two scaffold proteins, Axin and Adenomatous
specific ablation increased bone fragility, intrdical  Polyposis Coli (APC) (Angers and Moon, 2009). This
porosity and trabecular bone loss (Tatsetral., 2007).  molecular complex targetg-catenin for proteosomal
Conditional expression of the i=HSD2 gene in mouse degradation through selective phosphorylation (&lsy
osteoblasts and osteocytes protected them frorB006; Verheyen and Gottardi, 2010). Activation ofi D
glucocorticoid-induced apoptosis (O'Brienal., 2004).  recruits Axin to the cell membrane, disrupting the
Glucocorticoids induced similar bone loss in boildw  destruction complex and thus releasifigcatenin,
type and OG2-13-HSD2 transgenic mice but vertebral which translocates to the nucleus. Once inside the
compression strength was preserved in transgertie, mi nucleus,f-catenin can interact with a member of the T
where cell apoptosis had been prevented. A possibl€ell Factor/Lymphoid enhancer factor (TCF/Lefl)
explanation was that osteocyte loss reduced bonganscription factor family (Mosimanet al., 2009) and
vascularization and canalicular fluid through inmpdi initiate its transcription program. Beside its rableES
expression of Vascular Endothelial Growth Factorcell physiology, the WNTB-catenin-mediated signaling
(VEGF) (Wang et al., 2007), thus reducing bone plays a relevant role in bone and cartilage metsivol
hydraulic stiffening (Weinstein, 2010). Aguiret al. (Krishnanet al., 2006; Williams and Insogna, 2009).
(2006) showed that mechanical unloading inducedConditional ablation of3-catenin from osteochondral
osteocyte apoptosis, a phenomenon which promoteprogenitors delayed fracture healing in mice (Hugtra.,
osteoclast recruitment (Aguirr al., 2006) and more 2009) and blockingB-catenin and TCF binding in
recently the expression of Receptor Activator forosteoblasts through conditional expression of ICAT
Nuclear Factor kB Ligand (RANKL), a molecule that modulator impaired skeletal growth (Chetral., 2008).
supports osteoclast formation and viability, by Consistently, conditional deletion of-catenin in
osteocytes has been demonstrated to be required forurine preosteoblasts disrupted osteoblast
bone remodeling, in contrast to the long-standingdifferentiation (Rodda and McMahon, 2006).
idea that osteoblasts are the main source of RANKIAlterations in bone mass have been observed after
(Xiong et al., 2011). Moreover osteocytes appear to bd RP5 deletion in rodents or as a consequence of
able to act at a distance through a secreted gigteipn,  mutations of this gene in humans (Boydeml., 2002;
Sclerostin (Weidauest al., 2009), which is encoded for Gong et al., 2001; Babijet al., 2003; Holmeret al.,
by the Sost gene (Turnet al., 2009; Winkleret al., 2004; Kokubu et al., 2004; Kato et al., 2002;
2003). Sawakamiet al., 2006; Joenget al., 2011).B-catenin
can also act on mature bone and by controlling thee

Sclerostin and the inhibition of WNT signaling: ~ €xpression of Osteoprotegerin (OPG) (Glassal.,
Sclerostin, transported through bone canaliculi2005), the decoy receptor of RANKL.

(Poole et al., 2005) blocks membrane co-receptors  Sost deletion increased bone mass and bone
LRP4, 5 and 6 (Holdswortét al., 2012), inhibiting an  formation rate in mice (Liet al., 2008), while Sost
intracellular signaling cascade known as WNTOVerexpression induced a low bone mass phenotype
canonical pathway (Lt al., 2005; Veverkaet al., (Kramer et al., 2010). Binding of sclerostin to LRP5 is
2009). Several authors have demonstrated that thatered in LRP5 mutations with high bone mass
canonical WNT pathway is required in various eventphenotype  (Balemanst al., 2008) and specific

of embryo development (Huelskehal., 2000; Martin ~ polymorphisms of Sost promoter are associated with
and Kimelman, 2009) and in the control of Embryonicosteoporosis (Huanegt al., 2009). It has been shown
Stem cell (ES) proliferation and differentiation that sclerostin levels correlate positively with eag
(Miki et al., 2011; Nusse, 2008; Sokol, 2011). The(Amrein et al., 2012; Modderet al., 2011) and higher
canonical or WNTB-catenin pathway is activated upon serum levels of sclerostin have been proven to be
binding of secreted WNT glycoproteins to membraneassociated with a higher rate of hip fractures latero
receptors Frizzled (Fzd) and a member of the lowvomen (Arasuet al., 2012). Circulating levels of
density lipoprotein receptor related protein family sclerostin have been demonstrated to correlate spitie
LRP4/5 or 6 (Hartmann, 2006; Mikels and Nusse,and hip BMD in postmenopausal women (Garreral.,
2006). This interaction recruits Disheveled (Dvl) 2012) and to be increased in long term immobilized
(Gordon and Nusse, 2006), which rescfesatenin, a patients (Gaudicet al., 2010; Spatzt al., 2012), in
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Thalassemia-associated Osteoporosis patientgeverkaet al., 2009) and ovariectomized rats @tial.,
(Voskaridouet al., 2012), in Paget's disease and prostate?009; 2011). Similar results were observed in mouse
cancer with bone metastasis (Yavropouwdbal., 2012), in  models of colitis-induced- (Eddlesta al., 2009) and
type 2 Diabetes (Garcia-Martihal., 2012; Gennast al.,  glucorticoid-induced bone loss (Marenzaal., 2011).
2012) and with short-term Spinal Cord Injury (SCI), These promising results indicate that there cowd b
although sclerostin levels decreased in long-tei@, S novel potential applications for the use of thid ammilar
reflecting the profound changes that the skeletorcompounds for the treatment of alveolar bone defect
undergoes in these patients (Battaglioal., 2012; Interestingly, it has been shown that anti-sclémost
Morseet al., 2012). Sost is a PTH target (Bellidbal.,  antibody prevented unload-induced bone loss inta ra
2005; Keller and Kneissel, 2005; Leuginal., 2007) and model of hindlimb immobilization (Tiaret al., 2011),

the expression of a constitutively active PTH rémep which suggests that sclerostin is indeed a potentia
(Schipaniet al., 1995) in osteocytes was able to supprestherapeutic target to oppose alveolar bone loss tfoth
Sost expression in bone and have a dramatic effect €xtraction, a very common clinical situation, whaften
bone mass (O'Briedt al., 2008). requires surgery to allow for prosthetic rehaHilita.

What makes Sost of great importance for the A strategy that is being currently developed to
response of bone to loading is that this gene ss al target sclero_stin i_n human is the creation of human
controlled by mechanical stimulation. Rodent stadie anti-Sclerostin antibody Amgen, Thousand Oaks, CA;
showed that even short mechanical stimulations of/SA and sclerostin - small molecule inhibitors
long bones in mice are able to reduce the exprassic?Steogenex, Kansas City, KS; USA.  Common

of Sost and increase bone formation at the same tim"€rapeutic approaches in dentistry mostly relytton

(Moustafa et al., 2009; Robling et al., 2008) use of grafts or biomaterials to act as scaffolols t

Conversely, it has been proposed that the negativ?éom()te the regeneration of endosseous defects

effects of mechanical unloading on BMD and bone sposito et al,, 2009; Nkenke and Stelzle, 2009;
. _ ?culearet al., 2008) with little of no use of growth factors,
strength are mediated by an antagonistic effect o

. . ; . which have been tested and proposed over the years
Sclerostin on WN'IB—gatenl_n _S|gnal|ng (Lm_et al., (Changet al., 2009; Cortellinit al., 2008; Giannobile and
2009). Consistently with this idea, the ablationtloé Somerman, 2003; Kaiglet al., 2006; Lynchet al., 20086;
WNT receptor LRP5 abolished the osteogenic responsQeyins et al., 2003 Trombeli and Farina, 2008:
of ulnae to mechanical loading (Sawakamal., 2006)  \wennstrom and Lindhe, 2002; Wikes@ al., 2009).
and constitutively expression of Sost in osteocyteSclerostin inhibition however seems to act direotiythe
prevented load anabolic effects on boneefTal., 2012). the mechanisms that underlie tooth-loss induceeoiy

o ) remodelind and the data that is being gatheredhen t
The localization of osteocytes can affect their  effects of Sclerostin inhibition in axial bone stgly
production of sclerostin: Osteocytes that are closer to suggest that this approach should be further igatst! in
the surface and thus probably undergo a more iatenshe dental field where it could provide interestiifgnot
mechanical stimulation, tend to be more negative talecisive results.
sclerostin  expression than deeper osteocytes and

osteocytes in proximity of an area of bone fornmatio CONCLUSION

are more often Sclerostin negative (Pogilel., 2005), Sclerostin is a novel protein produced by
suggesting that sclerostin distribution could citmtie  osteocytes which has profound effects on bone
to temporal and spatial regulation of bone remodeli remodeling by controlling bone formation and bone

resorption and is responsible for coupling hormonal

Inhibition of sclerostin and periodontal therapy: stimuli and mechanical stimulation to bone turnoves
Future per spectives. On account of the dramatic effects such it is becoming clear that this protein is afuis
of Sost regulation in animal experimental modetsstS target for future bone anabolic therapies and péessi
has been proposed as a novel and potent therapeuBplications in the dental field can be envisaged t
target for bone loss (Deal, 2009; Baron and RawadiPromote the regeneration of alveolar bone.
2007; Hoeppneret al., 2009; Rawadi and Roman-
Roman, 2005; Shahnazat al., 2008). The effect of ACKNOWLEDGMENT
anti-sclerostin antibodies has been investigated in  The researchers do not have affiliation to orreit
different experimental settings and it has beerreceive any funding from any company that is inedlv
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bone mass, bone architectural parameters and bowemmercial use. The authors do not have conflifts o
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