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Abstract: Osteoarthritis (OA), a debilitating degenerative joint disease which is greatly influenced by alterations
in the local mechanical loading environment in the joint. The exact aetiology of OA remains unknown, but loss of
articular cartilage, subchondral sclerosis, and bone remodeling has been known to play important roles in OA development. Wnt/β-catenin signaling has a substantial role in bone and cartilage homeostasis in the adult skeleton,
and has been implicated in the process of cartilage degradation and subchondral remodeling in OA. Sclerostin
(SOST), secreted mainly by osteocytes and downregulated by mechanical loading, is a potent inhibitor of Wnt signaling and a regulator of bone metabolism. Thus, by studying the expression of sclerostin and the Wnt pathway, it
is possible to investigate the role of the osteocyte in bone remodeling in human musculoskeletal disease, such as
OA. However few of literatures have reported about the relation between Sclerostin and OA. In this review we have
tried to summarize the current knowledge on the effect of Sclerostin and to explore the potential role of Sclerostin
during the process of OA. A better understanding of the relationship between Sclerostin and cartilage/subchondral
in both physiological and pathological conditions may lead to development of more effective strategies for treating
OA patients.
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Osteoarthritis (OA) is a common degenerative
joint disease and a major healthcare burden in
today’s aging population [1], which is characterized by progressive degeneration of articular
cartilage, osteophyte formation, and subsequent joint space narrowing [2]. All structures
within the joint may be affected during progression of the disease, but the underlying causes
are not well understood. There are a number of
known associated risk factors including age [3],
gender [4], obesity [5], malalignment [6], genetic heritability [7], and previous joint trauma [8].
Nevertheless, loss of articular cartilage, subchondral sclerosis, and bone remodeling has
been known to play important roles in OA development.

Wnt signaling pathway has a substantial role in
bone and cartilage homeostasis in the adult
skeleton, and has been implicated in the process of cartilage degradation in osteoarthritis
[12]. Microarray analysis of the expression of
genes associated with the Wnt pathway also
suggests the possible involvement of this pathway in altered bone remodeling in OA [13].
Sclerostin, a protein product of the SOST gene,
secreted mainly by osteocytes decreases bone
formation by inhibiting the terminal differentiation of osteoblasts and blocks Wnt/β-catenin
signaling pathway via its interaction with the
Low Density Lipoprotein Receptor-related Proteins-5/6 (LRP5/6) receptor [14, 15]. Interestingly, its antagonist role on BMP signaling is
also linked with its interaction with the LRP5/6
receptor [16, 17].

Recent studies have suggested the relevance
of Wnt signaling in human OA [9, 10]. The Wnt
signaling pathway comprises a family of regulating molecules that provides communication
signals between cartilage and bone [11]. Thus

Mabey et al [18] found that the plasma Sclerostin level in OA patients was significantly
lower than healthy controls and Plasma and
synovial fluid sclerostin levels were inversely
associated with the radiographic severity of
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knee OA. In addition, Sclerostin has also been
found to be potentially beneficial in protecting
against cartilage degradation [19] and decreased sclerostin expression of osteocytes is
associated with increased cortical bone density in hip OA [12], indicating a potential role for
sclerostin in OA pathogenesis. Taken together,
these data suggest that sclerostin and Wnt signaling have potential importance in the etiology
of OA.
The role of sclerostin in the etiology of OA
OA appears to be the result of a complex interplay between mechanical, cellular and biochemical factors. The etiology of OA is multifactorial and can be broadly divided into genetic and non-genetic factors. Genetic factors may
be hereditary and altered gene expression pattern of cartilage and subchondral bone tissues
[20]. The etiology of non-genetic factors remains largely unknown but the interaction of
systemic and local factors together is most likely contribute to it [21, 22], such as age, gender,
obesity, inactive lifestyle, joint injury and occupation (obesity, inactive lifestyle, joint injury
and occupation may related to mechanical
loading).
Age
Increased age is the most prominent risk factor
for the initiation and progression of primary OA
in typically affected joints [23]. The cases of OA
found in young people are most likely due to
mutations in matrix genes [24, 25]. However
the exact mechanism between the increased
prevalence and incidence of OA with age is
poorly understood. The classic “wear and tear”
theory is that the cumulative effect of mechanical load over the years may cause “wear and
tear” clinically and cartilage breakdown pathologically [25]. It is widely known that osteocytes
are the major cell types that response to
mechanical loading and sclerostin is mainly
secreted by osteocytes. Thus sclerostin may
play a role in the age-related OA. A previous
cross-sectional study reported that circulating
levels of sclerostin were increased in both
women and men between the ages of 21 and
97 years [26]. Other investigators have also
reported similar, serum sclerostin levels are
affected by age [27-32], raising the possibility
that decreased production of sclerostin by
osteocytes in bone contributes to the age-relat12442

ed osteophyte in OA and increased production
contributes to osteoporosis in humans.
Gender
Females are associated with a higher prevalence and severity of OA and are more likely to
suffer more severe radiographic knee OA than
men, particularly following menopause. There
was consistent evidence that females were at
higher risk of knee OA [33]. The increase in incidence of OA in female, particularly at the time
of menopause, has raised the role of estrogen
in OA. Since Estrogen receptor pathways are
obligatory to mechanotransduction signaling of
osteocyte and sclerostin is regulated in osteocytes by mechanical loading of bone. It may
indicate that Sclerostin level was correlated
with menstrual period, this is consistent with
previous studies [34, 35]. All of these suggested a complex interplay of Sclerostin, mechanical loading, and bone turnover related to sex
steroids.
Mechanical loading
Mechanical factors play important roles in promoting both the health of a joint and its degeneration. The articular surface plays an indispensable role in load transfer across the joint
and there is enough evidence that conditions
leading to increased load transfer or altered
patterns of load distribution can accelerate the
instigation and progression of OA [36]. Such
abnormal mechanical loading would compromise the overlying articular cartilage and underlying subchondral bone in joints leading to cartilage degeneration and subchondral bone
remodeling.
Mechanical loading of cartilage is an essential
component in maintaining healthy and functional articular cartilage. However excessive or
abnormal mechanical loading accelerates cartilage degeneration and increases chondrocyte
death [37, 38]. A recent study by Saito et al [39]
highlights mechanical stress-induced changes in chondrocytes and proposes treatment
through histone deacetylase (HDAC) inhibitors.
Since mechanical loading is known to influence sclerostin expression [40], and loading is
known to affect signal transduction in articular
cartilage, with the addition of that sclerostin
can be expressed in Articular Cartilage [41], it
is possible that unique loading signals associInt J Clin Exp Med 2016;9(7):12441-12449
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ated with different zonal regions in the articular
cartilage may contribute to the regulation of
sclerostin expression.
Acting as mechanosensors, osteocytes are
able to integrate the mechanical and biochemical signals that regulate osteoblastogenesis
and osteoclastogenesis, thus governing bone
modeling and remodeling. Sclerostin, secreted
mainly by osteocytes, is an important negative
regulator of bone formation that has been proposed to have a key role in regulating the
response to mechanical loading [14]. Wnt signaling and BMP are involved in osteoblastogenesis and bone formation [42]. Sclerostin has
actions as both a BMP antagonist [43] and Wnt
signaling antagonist by binding LRP5/6 receptor [44]. Collectively, these data suggest an
important role of Sclerostin involve in the etiology of OA due to the abnormal mechanical
loading.
The role of sclerostin in the pathophysiology
of OA
Initially, OA has been considered to be limited
to the articular cartilage; however growing evidence has indicated that the condition involves
the entire joint [45-47]. Although the loss of
articular cartilage has been thought to be the
primary change, it remains unclear whether
underlying subchondral bone changes occur
before or after cartilage changes related with
clinical symptoms [48]. Nevertheless, it is obvious that changes in all tissues, such as destruction of the articular cartilage, changing underlying subchondral bone structure, and chronic
inflammation of the synovium, can be considered as a cause of the abnormal state leading
to OA.
Articular cartilage
Under normal conditions, articular chondrocytes maintain a dynamic homeostasis between
synthesis and degradation of extracellular
matrix (ECM) components [49]. In osteoarthritic states, however, a disruption of homeostasis
results in loss of cartilage tissue, clonal expansion of chondrocytes in the depleted regions,
induction of oxidative states in a stressful cellular environment, and eventually, apoptosis of
cells [50]. A series of catabolic and anabolic
mediators have been found to play key roles in
articular cartilage homeostasis and the devel-
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opment of OA. Some specific signaling pathways which induced by catabolic and anabolic
growth factors and cytokines, such as the Wnt/
β-catenin signaling pathway, have been wellrecognized as critical regulator of bone and
cartilage homeostasis [51-54]. In adult cartilage, increased Wnt/β-catenin stimulates tissue breakdown rather than formation [55].
Since Wnt-induced signaling protein-1 (WISP-1)
is increased in OA and over-expressed of WISP1 will induce cartilage degradation by upregulating matrix metalloproteinases (MMPs) and
aggrecanases [10]. Thus Wnt/β-catenin signaling may stimulate articular cartilage degradation via up-regulation of MMPs. Sclerostin
(SOST), a soluble inhibitors of WNT signaling
[56], can also be expressed by articular chondrocytes [41]. In cell-based studies, it was proposed to play a chondroprotective role in
response to catabolic signals [19]. All of these
data suggest a protective role of sclerostin in
articular cartilage during the development of
OA.
Subchondral bone
The subchondral bone is also considered to
play a key role in the pathophysiology of OA
[57]. Although It is not yet clear whether changes within subchondral bone precede or after
changes in the articular Cartilage, the two processes are closely related. Chiba et al [58] considers Subchondral bone changes as a result/
cause of cartilage loss in OA. Recent data suggests that structural changes in subchondral
trabecular bone are associated with cartilage
degeneration in animal models of OA [59-61]
and in human [10, 62]. During the development
of OA, there is a progressive increase in the
subchondral bone plate thickness, a modification in the architecture of subchondral trabecular bone, formation of new bone at the joint
margins-osteophytes [63]. These changes may
be due to the abnormal function of subchrondral osteoblasts in OA patients [64, 65]. The
abnormal expression of phenotypic markers
and reduced mineralization of OA osteoblast is
linked with the stimulation of the Wnt antagonist DKK2 [66] and SOST [67], as well as the
inhibition of the Wnt agonist, R-spondin 2 [68].
SIRT1 and TGF-β1 may be responsible for the
increased SOST expression of OA osteoblast
which contributes to reduce Wnt/β-catenin signaling and mineralization in these cells [67].
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Moreover, Sclerostin may also act as a paracrine regulator of osteoclastic activity [69].
Since Osteoprotegerin (OPG), a potent inhibitor
of the pro-osteoclastogenic RANKL-RANK signaling pathway, is also expressed in response
to Wnt signaling [70, 71], together with the
activity of sclerostin as a Wnt inhibitor, it indicate that sclerostin may support osteoclast
activity by a RANKL-RANK signaling pathway.
This is consistent with study of Wijenayaka and
Atkins et al [70]. They suggested that sclerostin
stimulated osteocyte support of osteoclastogenesis and did so in a RANKL-dependent manner.
Although bone sclerosis and subchondral bone
plate thickening are consistent discovery in
clinical OA, we now have found that this change
is not a increase of bone formation itself, but
because of bone type 1 collagen extracellular
matrix increased with an imbalance in α1 to α2
chains leading to a reduced mineralization [64,
69]. Therefore, sclerostin could participate in
the abnormal mineralization of this matrix and
may act through regulation of the PHEX/MEPE
(phosphate regulating gene with homologies to
endopeptidases on the Xchromosome/matrix
extracellular phosphoglycoprotein) axis at the
preosteocyte stage and serves as a master
regulator of physiologic bone mineralization,
consistent with its localization in vivo and its
established role in the inhibition of bone formation [70]. In addition, Wnt signaling and BMP
are involved in bone formation [42] and Wnt signaling is required for BMP to stimulate ALP
activity in several osteoblastic cell lines [71].
Microarray analysis of Wnt pathway also suggests the possible involvement of this pathway
in altered bone remodeling in OA [13]. Inhibition
of Wnt signaling and BMP by sclerostin therefore may effect on bone formation and bone
remodeling [72] in OA. Taken together, all these
data demonstrate that the anti-anabolic action
and catabolic action of sclerostin may be a
potential mechanism of subchondral bone
changes in OA.
Synovial membrane
There is increasing evidence that synovial
inflammation plays an important role in the
symptoms and structural progression of OA.
Importantly, synovitis has been shown to be
correlated with symptom severity, rate of cartilage degeneration and osteophytosis in OA
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[73]. Furthermore, synovitis is an indicator of
pathology and a predictor of disease progression [74]. Although it is still unknown that if
sclerostin can expression in synovial membrane, we can find sclerostin in synovial fluid
and it is inversely associated with the radiographic severity of knee OA [18]. Wnt and the
Wnt inhibitor, secreted frizzled-related protein
(FRP), can also be expressed in OA synovium
[75]. In addition that sclerostin can prevent Wnt
protein binding to secreted frizzled-related protein and its coreceptors via binding to Wnt coreceptors, (LRP-5/6) [76]. Thus sclerostin, expressed by articular chondrocytes and osteocytes,
may secreted into synovial fluid and effected on
synovial membrane.
The potential role of sclerostin in the treatment of OA
As we know, osteoporosis therapies are associated with the changes of serum sclerostin levels and monoclonal antibodies to sclerostin
have advanced to phase II clinical trials or
beyond. However it still unclear the role of
sclerostin in the pathogenesis of OA and the
potential utility of treating osteoarthritis by
altering sclerostin distribution is not known. It
has been recognized that Wnt signaling was
involved in cartilage degeneration [19, 55] and
bone remodeling [13] in development of OA,
raising the possibility that modulation of Wnt
signaling might be beneficial in OA therapy.
Sclerostin is found to be an inhibitor of Wnt signaling, together with the fact that sclerostin
can be expressed by osteocytes and articular
chondrocytes, suggesting that sclerostin may
be a new molecular target for the treatment of
OA in humans.
Traditionally, bisphosphonates are widely used
in the treatment of osteoporosis via inhibiting
bone resorption and bone turnover. In recent
years, several studies have showed the chondroprotective role of bisphosphonates in the
treatment of OA [77-79]. It has also reported
that bisphosphonate therapy is associated with
increasing serum levels of sclerostin [80, 81].
Furthermore, increasing sclerostin expression
found in cartilage in OA may protect against
cartilage degradation by inhibiting Wnt-bcatenin signaling and catabolic MMP expression [19]. There is evidence that MMP inhibition and downregulation by bisphosphonates
[82]. These results implicated that bisphospho-
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nates may protect articular chondrocytes by
increasing sclerostin and then decreasing the
expression of MMPs. On the other hand,
decreasing expression was found in subchondral bone [19] and upregulation of sclerostin
by bisphosphonates may prevent diseaseassociated subchondral bone sclerosis. Recent
pre-clinical studies have shown that bisphosphonates could prevent subchondral bone
lesions due to their ability to inhibit altered
bone remodeling [83, 84]. As we mention
above, Wnt pathway may involve in altered
bone remodeling in OA and the inhibitory effect
of sclerostin to this pathway, suggest the possible involvement of sclerostin in bisphosphonates therapy.
Conclusions
Since the discovery of Wnt signaling pathway
and understanding the role of osteocyte and
sclerostin in skeletal homeostasis, there has
been a remarkable progress. OA is one of the
highest prevalence joint disease in the worldwide and its development takes place in consecutive steps of breakdown and attempted
regeneration. Improved understanding of the
relationship between Sclerostin, Wnt signaling
and cartilage/subchondral in both physiological and pathological conditions led to the
development of novel OA therapies.
Acknowledgements
This project is subject to the second affiliated
hospital of soochow university preponderant
clinic discipline group project funding and
Natural Science Foundation of China (81171730 to DQR).
Disclosure of conflict of interest
None.
Address correspondence to: Qirong Dong, The Second Affiliated Hospital of Soochow University, No.
1055, Sanxiang Road, Jinchang District, Suzhou,
Jiangsu Province, China. Tel: 86-512-67784117;
E-mail: dqr@szgk.net

References
[1]

Fransen M, Bridgett L, March L, Hoy D,
Penserga E, Brooks P. The epidemiology of osteoarthritis in Asia. Int J Rheum Dis 2011; 14:
113-21.

12445

[2]

Castaneda S, Roman-Blas JA, Largo R, Herrero-Beaumont G. Subchondral bone as a key
target for osteoarthritis treatment. Biochem
Pharmacol 2012; 83: 315-23.
[3] Leyland KM, Hart DJ, Javaid MK, Judge A, Kiran
A, Soni A, Goulston LM, Cooper C, Spector TD,
Arden NK. The natural history of radiographic
knee osteoarthritis: a fourteen-year population-based cohort study. Arthritis Rheum
2012; 64: 2243-51.
[4] Srikanth VK, Fryer JL, Zhai G, Winzenberg TM,
Hosmer D, Jones G. A meta-analysis of sex differences prevalence, incidence and severity of
osteoarthritis. Osteoarthritis Cartilage 2005;
13: 769-81.
[5] Martin KR, Kuh D, Harris TB, Guralnik JM,
Coggon D, Wills AK. Body mass index, occupational activity, and leisure-time physical activity: an exploration of risk factors and modifiers
for knee osteoarthritis in the 1946 British birth
cohort. BMC Musculoskelet Disord 2013; 14:
219.
[6] Felson DT, Niu JB, Gross KD, Englund M,
Sharma L, Cooke TD, Guermazi A, Roemer FW,
Segal N, Goggins JM, Lewis CE, Eaton C, Nevitt
MC. Valgus malalignment is a risk factor for lateral knee osteoarthritis incidence and progression findings from the Multicenter Osteoarthritis
Study and the Osteoarthritis Initiative. Arthritis
Rheum 2013; 65: 355-62.
[7] Sandell LJ. Etiology of osteoarthritis: genetics
and synovial joint development. Nat Rev
Rheumato 2012; 8: 77-89.
[8] Muthuri SG, McWilliams DF, Doherty M, Zhang
W. History of knee injuries and knee osteoarthritis: a meta-analysis of observational studies. Osteoarthritis Cartilage 2011; 19: 128693.
[9] Lane NE, Nevitt MC, Lui LY, de Leon P, Corr M;
Study of Osteoporotic Fractures Research
Group. Wnt signaling antagonists are potential
prognostic biomarkers for the progression of
radiographic hip osteoarthritis in elderly
Caucasian women. Arthritis Rheum 2007; 56:
3319-25.
[10] Blom AB, Brockbank SM, van Lent PL, van
Beuningen HM, Geurts J, Takahashi N, van der
Kraan PM, van de Loo FA, Schreurs BW,
Clements K, Newham P, van den Berg WB.
Involvement of the Wnt signaling pathway in
experimental and human osteoarthritis: prominent role of Wnt-induced signaling protein 1.
Arthritis Rheum 2009; 60: 501-12.
[11] Lories RJ, Corr M, Lane NE. To Wnt or not to
Wnt:the bone and joint health dilemma. Nat
Rev Rheumatol 2013; 9: 328-39.
[12] Warde N. Osteoarthritis: sclerostin inhibits Wnt
signaling in OA chondrocytes and protects
against inflammation-induced cartilage damage. Nat Rev Rheumatol 2011; 7: 438.

Int J Clin Exp Med 2016;9(7):12441-12449

Sclerostin in osteoarthritis
[13] Hopwood B, Tsykin A, Findlay DM, Fazzalari
NL. Microarray gene expression profiling of osteoarthritic bone suggests altered bone remodelling, WNT and transforming growth factor-beta/bone morphogenic protein signalling.
Arthritis Res Ther 2007; 9: R100.
[14] Williams BO. Insights into the mechanisms of
sclerostin action in regulating bone mass accrual. J Bone Miner Res 2014; 29: 24-8.
[15] Leupin O, Piters E, Halleux C, Hu S, Kramer I,
Morvan F, Bouwmeester T, Schirle M, BuenoLozano M, Fuentes FJ, Itin PH, Boudin E, de
Freitas F, Jennes K, Brannetti B, Charara N,
Ebersbach H, Geisse S, Lu CX, Bauer A, Van
Hul W, Kneissel M. Bone overgrowth-associated mutations in the LRP4 gene impair sclerostin facilitator function. J Biol Chem 2011; 286:
19489-500.
[16] Krause C, Korchynskyi O, de Rooij K, Weidauer
SE, de Gorter DJ, van Bezooijen RL, Hatsell S,
Economides AN, Mueller TD, Löwik CW, ten
Dijke P. Distinct modes of inhibition by sclerostin on bone morphogenetic protein and Wnt
signaling pathways. J Biol Chem 2010; 285:
41614-26.
[17] Robling AG, Niziolek PJ, Baldridge LA, Condon
KW, Allen MR, Alam I, Mantila SM, GluhakHeinrich J, Bellido TM, Harris SE, Turner CH.
Mechanical stimulation of bone in vivo reduces osteocyte expression of Sost/sclerostin. J
Biol Chem 2008; 283: 5866-75.
[18] Mabey T, Honsawek S, Tanavalee A, Wilairatana
V, Yuktanandana P, Saetan N, Zhan D. Plasma
and synovial fluid sclerostin are inversely associated with radiographic severity of knee osteoarthritis. Clin Biochem 2014; 47: 547-51.
[19] Chan BY, Fuller ES, Russell AK, Smith SM,
Smith MM, Jackson MT, Cake MA, Read RA,
Bateman JF, Sambrook PN, Little CB. Increased
chondrocyte sclerostin may protect against
cartilage degradation in osteoarthritis. Osteoarthr Cartilage 2011; 19: 874-85.
[20] Kerkhof HJ, Lories RJ, Meulenbelt I, Jonsdottir
I, Valdes AM, Arp P, Ingvarsson T, Jhamai M,
Jonsson H, Stolk L, Thorleifsson G, Zhai G,
Zhang F, Zhu Y, van der Breggen R, Carr A,
Doherty M, Doherty S, Felson DT, Gonzalez A,
Halldorsson BV, Hart DJ, Hauksson VB, Hofman
A, Ioannidis JP, Kloppenburg M, Lane NE,
Loughlin J, Luyten FP, Nevitt MC, Parimi N, Pols
HA, Rivadeneira F, Slagboom EP, Styrkársdóttir
U, Tsezou A, van de Putte T, Zmuda J, Spector
TD, Stefansson K, Uitterlinden AG, van Meurs
JB. A genome-wide association study identifies
an osteoarthritis susceptibility locus on chromosome 7q22. Arthritis Rheum 2010; 62:
499-510.
[21] Lawrence RC, Felson DT, Helmick CG, Arnold
LM, Choi H, Deyo RA, Gabriel S, Hirsch R,

12446

[22]
[23]
[24]
[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Hochberg MC, Hunder GG, Jordan JM, Katz JN,
Kremers HM, Wolfe F; National Arthritis Data
Workgroup. Estimates of the prevalence of arthritis and other rheumatic conditions in the
United States. Part II. Arthritis Rheum 2008;
58: 26-35.
Zhang Y, Jordan JM. Epidemiology of osteoarthritis. Clin Geriatr Med 2010; 26: 355-69.
Li YP, Wei XC, Zhou JM, Wei L. The age-related
changes in cartilage and osteoarthritis. Biomed Res Int 2013; 2013: 916530.
Leong DJ, Sun HB. Events in articular chondrocytes with aging. Curr Osteoporos Rep 2011; 9:
196-201.
Loeser RF. Aging processes and the development of osteoarthritis. Curr Opin Rheumatol
2013; 25: 108-13.
Modder UI, Hoey KA, Amin S, McCready LK,
Achenbach SJ, Riggs BL, Melton LJ 3rd, Khosla
S. Relation of age, gender, and bone mass to
circulating sclerostin levels in women and
men. J Bone Miner Res 2011; 26: 373-9.
Amrein K, Amrein S, Drexler C, Dimai HP,
Dobnig H, Pfeifer K, Tomaschitz A, Pieber TR,
Fahrleitner-Pammer A. Sclerostin and its association with physical activity, age, gender, body
composition, and bone mineral content in
healthy adults. J Clin Endocrinol Metabol
2012; 97: 148-54.
Ardawi MS, Al-Kadi HA, Rouzi AA, Qari MH.
Determinants of serum sclerostin in healthy
pre- and postmenopausal women. J Bone
Miner Res 2011; 26: 2812-22.
Ardawi MS, Rouzi AA, Al-Sibiani SA, Al-Senani
NS, Qari MH, Mousa SA. High serum sclerostin
predicts the occurrence of osteoporotic fractures in postmenopausal women: the Center
of Excellence for Osteoporosis Research Study.
J Bone Miner Res 2012; 27: 2592-602.
Bhattoa HP, Wamwaki J, Kalina E, Foldesi R,
Balogh A, Antal-Szalmas P. Serum sclerostin
levels in healthy men over 50 years of age. J
Bone Mineral Metabol 2013; 31: 579-84.
Kirmani S, Amin S, McCready LK, Atkinson EJ,
Melton LJ 3rd, Müller R, Khosla S. Sclerostin
levels during growth in children. Osteoporos Int
2012; 23: 1123-30.
Amrein K, Dobnig H, Wagner D, PiswangerSölkner C, Pieber TR, Pilz S, Tomaschitz A,
Dimai HP, Fahrleitner-Pammer A. Sclerostin in
institutionalized elderly women: associations
with quantitative bone ultrasound, bone turnover, fractures, and mortality. J Am Geriatr Soc
2014; 62: 1023-9.
Silverwood V, Blagojevic-Bucknall M, Jinks C,
Jordan JL, Protheroe J, Jordan KP. Current evidence on risk factors for knee osteoarthritis in
older adults: a systematic review and metaanalysis. Osteoarthritis Cartilage 2015; 23:
507-15.

Int J Clin Exp Med 2016;9(7):12441-12449

Sclerostin in osteoarthritis
[34] Fazeli PK, Ackerman KE, Pierce L, Guereca G,
Bouxsein M, Misra M. Sclerostin and Pref-1
have differential effects on bone mineral density and strength parameters in adolescent
athletes compared with non-athletes. Osteoporos Int 2013; 24: 2433-40.
[35] Cidem M, Usta TA, Karacan I, Kucuk SH, Uludag
M, Gun K. Effects of sex steroids on serum
sclerostin levels during the menstrual cycle.
Gynecol Obstet Invest 2013; 75: 179-84.
[36] Roos EM. Joint injury causes knee osteoarthritis in young adults. Curr Opin Rheumatol 2005;
17: 195-200.
[37] Horisberger M, Fortuna R, Valderrabano V,
Herzog W. Long-term repetitive mechanical
loading of the knee joint by in vivo muscle stimulation accelerates cartilage degeneration and
increases chondrocyte death in a rabbit model. Clin Biomech (Bristol, Avon) 2013; 28: 53643.
[38] O’Conor CJ, Leddy HA, Benefield HC, Liedtke
WB, Guilak F. TRPV4-mediated mechanotransduction regulates the metabolic response of
chondrocytes to dynamic loading. Proc Natl
Acad Sci U S A 2014; 111: 1316-21.
[39] Saito T, Nishida K, Furumatsu T, Yoshida A,
Ozawa M, Ozaki T. Histone deacetylase inhibitors suppress mechanical stress-induced expression of RUNX-2 and ADAMTS-5 through
the inhibition of the MAPK signaling pathway
in cultured human chondrocytes. Osteoarthr
Cartilage 2013; 21: 165-74.
[40] Lin C, Jiang X, Dai Z, Guo X, Weng T, Wang J, Li
Y, Feng G, Gao X, He L. Sclerostin mediates bone response to mechanical unloading
through antagonizing wnt/beta-catenin signaling. J Bone Miner Res 2009; 24: 1651-61.
[41] Roudier M, Li X, Niu QT, et al. Sclerostin is expressed in articular cartilage but loss or inhibition does not affect cartilage remodeling during aging or following mechanical injury.
Arthritis Rheum 2013; 65: 721-31.
[42] Canalis E. Wnt signalling in osteoporosis: mechanisms and novel therapeutic approaches.
Nat Rev Endocrinol 2013; 9: 575-83.
[43] Winkler DG, Sutherland MK, Geoghegan JC, Yu
C, Hayes T, Skonier JE, Shpektor D, Jonas M,
Kovacevich BR, Staehling-Hampton K, Appleby
M, Brunkow ME, Latham JA. Osteocyte control
of bone formation via sclerostin, a novel BMP
antagonist. EMBO J 2003; 22: 6267-76.
[44] van Bezooijen RL, Svensson JP, Eefting D,
Visser A, van der Horst G, Karperien M, Quax
PH, Vrieling H, Papapoulos SE, ten Dijke P,
Löwik CW. Wnt but not BMP signaling is involved in the inhibitory action of sclerostin on
BMP-stimulated bone formation. J Bone Miner
Res 2007; 22: 19-28.

12447

[45] Martel-Pelletier J, Pelletier JP. Is osteoarthritis
a disease involving only cartilage or other articular tissues? Eklem Hast Cerrahisi 2010;
21: 2-14.
[46] Birrell FN OS. Osteoarthritis in primary care.
Pract Nurse 2010; 39: 38-45.
[47] Dieppe P. Developments in osteoarthritis.
Rheumatology (Oxford) 2011; 50: 245-7.
[48] Burr DB. The importance of subchondral bone
in osteoarthrosis. Curr Opin Rheumatol 1998;
10: 256-62.
[49] Heijink A, Gomoll AH, Madry H, Drobnič M,
Filardo G, Espregueira-Mendes J, Van Dijk CN.
Biomechanical considerations in the pathogenesis of osteoarthritis of the knee. Knee
Surg Sports Traumatol Arthrosc 2012; 20:
423-35.
[50] Lane NE, Brandt K, Hawker G, Peeva E,
Schreyer E, Tsuji W, Hochberg MC. OARSI-FDA
initiative: defining the disease state of osteoarthritis. Osteoarthritis Cartilage 2011; 19: 47882.
[51] Beyer C, Schett G. Pharmacotherapy: concepts
of pathogenesis and emerging treatments.
Novel targets in bone and cartilage. Best Pract
Res Clin Rheumatol 2010; 24: 489-96.
[52] Blom AB, van Lent PL, van der Kraan PM, van
den Berg WB. To seek shelter from the WNT in
osteoarthritis? WNT-signaling as a target for
osteoarthritis therapy. Curr Drug Targets 2010;
11: 620-9.
[53] Hoeppner LH, Secreto FJ, Westendorf JJ. Wnt
signaling as a therapeutic target for bone diseases. Expert Opin Ther Tar 2009; 13: 485-96.
[54] Kawaguchi H. Regulation of osteoarthritis
development by Wnt-beta-catenin signaling
through the endochondral ossification Process.
J Bone Miner Res 2009; 24: 8-11.
[55] Yuasa T, Otani T, Koike T, Iwamoto M, EnomotoIwamoto M. Wnt/beta-catenin signaling stimulates matrix catabolic genes and activity in articular chondrocytes: its possible role in joint
degeneration. Lab Invest 2008; 88: 264-74.
[56] Paszty C, Turner CH, Robinson MK. Sclerostin:
a gem from the genome leads to bone-building
antibodies. J Bone Miner Res 2010; 25: 1897904.
[57] Kwan Tat S, Lajeunesse D, Pelletier JP, MartelPelletier J. Targeting subchondral bone for
treating osteoarthritis: what is the evidence?
Best Pract Res Clin Rheumatol 2010; 24: 5170.
[58] Chiba K, Uetani M, Kido Y, Ito M, Okazaki N,
Taguchi K, Shindo H. Osteoporotic changes of
subchondral trabecular bone in osteoarthritis
of the knee: a 3-T MRI study. Osteoporos Int
2012; 23: 589-97.
[59] Wang SX, Arsenault L, Hunziker EB. Stereologic
analysis of tibial-plateau cartilage and femoral

Int J Clin Exp Med 2016;9(7):12441-12449

Sclerostin in osteoarthritis

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

cancellous bone in guinea pigs with spontaneous osteoarthritis. Clin Orthop Relat Res 2011;
469: 2796-805.
Bellido M, Lugo L, Roman-Blas JA, Castañeda
S, Caeiro JR, Dapia S, Calvo E, Largo R, HerreroBeaumont G. Subchondral bone microstructural damage by increased remodelling aggravates experimental osteoarthritis preceded
by osteoporosis. Arthritis Res Ther 2010; 12:
R152.
Little CB, Fosang AJ. Is cartilage matrix breakdown an appropriate therapeutic target in osteoarthritis--insights from studies of aggrecan
and collagen proteolysis? Curr Drug Targets
2010; 11: 561-75.
Schneider E, Lo GH, Sloane G, Fanella L,
Hunter DJ, Eaton CB, McAlindon TE. Magnetic
resonance imaging evaluation of weight-bearing subchondral trabecular bone in the knee.
Skeletal Radiol 2011; 40: 95-103.
Madry H, van Dijk CN, Mueller-Gerbl M. The basic science of the subchondral bone. Knee
Surg Sports Traumatol Arthrosc 2010; 18:
419-33.
Couchourel D, Aubry I, Delalandre A, Lavigne
M, Martel-Pelletier J, Pelletier JP, Lajeunesse
D. Altered mineralization of human osteoarthritic osteoblasts is attributable to abnormal
type I collagen production. Arthritis Rheum
2009; 60: 1438-50.
Hilal G, Martel-Pelletier J, Pelletier JP, Ranger
P, Lajeunesse D. Osteoblast-like cells from human subchondral osteoarthritic bone demonstrate an altered phenotype in vitro: possible
role in subchondral bone sclerosis. Arthritis
Rheum 1998; 41: 891-9.
Chan TF, Couchourel D, Abed E, Delalandre A,
Duval N, Lajeunesse D. Elevated Dickkopf-2
levels contribute to the abnormal phenotype
of human osteoarthritic osteoblasts. J Bone
Miner Res 2011; 26: 1399-410.
Abed É, Couchourel D, Delalandre A, Duval N,
Pelletier JP, Martel-Pelletier J, Lajeunesse D.
Low sirtuin 1 levels in human osteoarthritis
subchondral osteoblasts lead to abnormal
sclerostin expression which decreases Wnt/βcatenin activity. Bone 2014; 59: 28-36.
Abed E, Chan TF, Delalandre A, Martel-Pelletier
J, Pelletier JP, Lajeunesse D. R-spondins are
newly recognized players in osteoarthritis that
regulate Wnt signaling in osteoblasts. Arthritis
Rheum 2011; 63: 3865-75.
Bailey AJ, Sims TJ, Knott L. Phenotypic expression of osteoblast collagen in osteoarthritic
bone: production of type I homotrimer. Int J
Biochem Cell Biol 2002; 34: 176-82.
Atkins GJ, Rowe PS, Lim HP, Welldon KJ,
Ormsby R, Wijenayaka AR, Zelenchuk L,
Evdokiou A, Findlay DM. Sclerostin is a locally

12448

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

acting regulator of late-osteoblast/preosteocyte differentiation and regulates mineralization through a MEPE-ASARM-dependent mechanism. J Bone Miner Res 2011; 26: 1425-36.
Tang N, Song WX, Luo J, Luo X, Chen J, Sharff
KA, Bi Y, He BC, Huang JY, Zhu GH, Su YX, Jiang
W, Tang M, He Y, Wang Y, Chen L, Zuo GW,
Shen J, Pan X, Reid RR, Luu HH, Haydon RC, He
TC. BMP-9-induced osteogenic differentiation
of mesenchymal progenitors requires functional canonical Wnt/beta-catenin signalling. J Cell
Mol Med 2009; 13: 2448-64.
Kusu N, Laurikkala J, Imanishi M, Usui H,
Konishi M, Miyake A, Thesleff I, Itoh N.
Sclerostin is a novel secreted osteoclast-derived bone morphogenetic protein antagonist
with unique ligand specificity. J Biol Chem
2003; 278: 24113-7.
Roemer FW, Guermazi A, Felson DT, Niu J,
Nevitt MC, Crema MD, Lynch JA, Lewis CE,
Torner J, Zhang Y. Presence of MRI-detected
joint effusion and synovitis increases the risk
of cartilage loss in knees without osteoarthritis
at 30-month follow-up: the MOST study. Ann
Rheum Dis 2011; 70: 1804-9.
Conaghan PG, D’Agostino MA, Le Bars M,
Baron G, Schmidely N, Wakefield R, Ravaud P,
Grassi W, Martin-Mola E, So A, Backhaus M,
Malaise M, Emery P, Dougados M. Clinical and
ultrasonographic predictors of joint replacement for knee osteoarthritis: results from a
large, 3-year, prospective EULAR study. Ann
Rheum Dis 2010; 69: 644-7.
Imai K, Morikawa M, D’Armiento J, Matsumoto
H, Komiya K, Okada Y. Differential expression
of WNTs and FRPs in the synovium of rheumatoid arthritis and osteoarthritis. Biochem
Biophys Res Commun 2006; 345: 1615-20.
Baron R, Hesse E. Update on bone anabolics
in osteoporosis treatment: rationale, current
status, and perspectives. J Clin Endocrinol
Metabol 2012; 97: 311-25.
Bingham CO 3rd, Buckland-Wright JC, Garnero
P, Cohen SB, Dougados M, Adami S, Clauw DJ,
Spector TD, Pelletier JP, Raynauld JP, Strand V,
Simon LS, Meyer JM, Cline GA, Beary JF. Risedronate decreases biochemical markers of
cartilage degradation but does not decrease
symptoms or slow radiographic progression in
patients with medial compartment osteoarthritis of the knee: results of the two-year multinational knee osteoarthritis structural arthritis
study. Arthritis Rheum 2006; 54: 3494-507.
Mohan G, Perilli E, Parkinson IH, Humphries
JM, Fazzalari NL, Kuliwaba JS. Pre-emptive,
early, and delayed alendronate treatment in a
rat model of knee osteoarthritis: effect on subchondral trabecular bone microarchitecture
and cartilage degradation of the tibia, bone/

Int J Clin Exp Med 2016;9(7):12441-12449

Sclerostin in osteoarthritis

[79]

[80]

[81]

[82]

cartilage turnover, and joint discomfort. Osteoarthritis Cartilage 2013; 21: 1595-604.
Shirai T, Kobayashi M, Nishitani K, Satake T,
Kuroki H, Nakagawa Y, Nakamura T. Chondroprotective effect of alendronate in a rabbit
model of osteoarthritis. J Orthopaed Res 2011;
29: 1572-7.
Gatti D, Viapiana O, Adami S, Idolazzi L,
Fracassi E, Rossini M. Bisphosphonate treatment of postmenopausal osteoporosis is associated with a dose dependent increase in serum sclerostin. Bone 2012; 50: 739-42.
Gatti D, Viapiana O, Fracassi E, Idolazzi L,
Dartizio C, Povino MR, Adami S, Rossini M.
Sclerostin and DKK1 in postmenopausal osteoporosis treated with denosumab. J Bone
Miner Res 2012; 27: 2259-63.
Teronen O, Heikkila P, Konttinen YT, Laitinen
M, Salo T, Hanemaaijer R, Teronen A, Maisi P,
Sorsa T. MMP inhibition and downregulation by
bisphosphonates. Ann N Y Acad Sci 1999;
878: 453-65.

12449

[83] Buckland-Wright JC, Messent EA, Bingham CO
3rd, Ward RJ, Tonkin C. A 2 yr longitudinal radiographic study examining the effect of a
bisphosphonate (risedronate) upon subchondral bone loss in osteoarthritic knee patients.
Rheumatology 2007; 46: 257-64.
[84] Carbone LD, Nevitt MC, Wildy K, Barrow KD,
Harris F, Felson D, Peterfy C, Visser M, Harris
TB, Wang BW, Kritchevsky SB; Health, Aging
and Body Composition Study. The relationship
of antiresorptive drug use to structural findings
and symptoms of knee osteoarthritis. Arthritis
Rheum 2004; 50: 3516-25.

Int J Clin Exp Med 2016;9(7):12441-12449

