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Abstract

Sclerostin, the product of the SOST gene, is a secreted inhibitor of Wnt signaling that is produced 

by osteocytes to regulate bone formation. While it is often considered an osteocyte-specific 

protein, SOST expression has been reported in numerous other cell types, including hypertrophic 

chondrocytes and cementocytes. Of interest, SOST/sclerostin expression is altered in certain 

pathogenic conditions, including osteoarthritis and rheumatic joint disease, and it is unclear 

whether sclerostin plays a protective role or whether sclerostin may mediate disease pathogenesis. 

Therefore, as anti-sclerostin antibodies are being developed for the treatment of osteoporosis, it is 

important to understand the functions of sclerostin beyond the regulation of bone formation.
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1. Introduction

Sclerostin, the product of the SOST gene, is a negative regulator of Wnt signaling and bone 

formation that was identified in the study of the bone sclerosing conditions sclerosteosis (1, 

2) and Van Buchem Disease (3, 4). Clinical studies show that targeting sclerostin via 

monoclonal antibodies is a powerful strategy to promote new bone formation (5–8). While 

sclerostin has been widely viewed as an osteocyte-specific protein, recent studies have 

shown that several additional cell types express SOST and are capable of producing 

sclerostin protein (9–12). Moreover, altered SOST expression and serum sclerostin have 

been noted in numerous diseases including osteoarthritis (13) and ankylosing spondylitis 

(14), but a role for sclerostin in the pathogenesis of these disorders is unclear. Therefore, as 

sclerostin antibodies move beyond clinical trials, it is important to understand the potential 

implications of targeting sclerostin for all bone cells and non-bone tissues. In this review we 

will detail the expression of SOST/sclerostin beyond osteocytes and discuss the current 

understanding of sclerostin in certain pathogenic conditions, including osteoarthritis and 

rheumatic joint disease.
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2. Sclerostin expression beyond the osteocyte

Sclerostin has widely been viewed as an osteocyte-specific protein, despite early studies 

noting SOST RNA in multiple human and mouse tissues, including cartilage, kidney, heart, 

and liver (1, 2, 15). More recently, using Sost promoter LacZ reporter mice, Collette, et al., 

further expanded this list, documenting Sost LacZ reporter expression in the epididymis and 

vas deferens of the testis, the pyloric sphincter, the carotid arteries, and parts of the 

cerebellum (16).

As suggested by occasional hand defects, such as syndactyly, in sclerosteosis patients, SOST 
is expressed in the developing embryo where it plays a role in limb patterning. Collette, et 

al., documented Sost LacZ reporter in the distal limb bud ectoderm beginning at E9.5. With 

progression of limb development, Sost LacZ reporter remains restricted to the ectoderm, and 

by E14.5, is restricted to the digits. Sost LacZ reporter expression is also evident on cells 

lining the edges of neural folds, as well as symmetrically at the base of the spinal cord at 

E11.5 marking motor neurons migrating into the limbs. However, by E16.5, Sost LacZ 

reporter expression is restricted primarily to the skeleton (16). Overexpression of SOST 
disrupted the anterior-posterior and proximal-distal signaling centers in the developing limb 

leading to a loss of posterior structures in the zeugopod and autopod (17). Similar to 

sclerosteosis patients, Sost knockout (KO) in mice resulted in hand defects in four percent of 

neonates. Knocking out both Sost and its paralog Sostdc1, which is 55% similar in sequence 

and also inhibits Wnt signaling, increased the number of hand defects to approximately fifty 

percent suggesting partially redundant and complementary roles for these proteins in limb 

development (16).

Sclerostin protein was first detected in adult human osteocytes by Winkler, et al (9). 

Consistent with RNA data showing cartilage expression of SOST(2), Winkler, et al., 

demonstrated that hypertrophic chondrocytes were also positive for sclerostin protein (9). 

Van Bezooijen, et al., confirmed osteocyte protein expression but the authors were unable to 

detect sclerostin protein in non-mineralized articular cartilage (18); however, non-osteocyte 

sclerostin protein expression was confirmed in a later study showing sclerostin protein in 

mineralized hypertrophic chondrocytes in the human adolescent growth plate. Van 

Bezooijen, et al., also demonstrated sclerostin protein in cementocytes of the cellular 

cementum in the dental root from five healthy adults. Cellular cementum cementocytes 

stained positive for sclerostin, however, dental pulp and odontoblasts were negative for 

sclerostin (19). Sclerostin expression has also been reported in a newly developed 

cementocyte cell line, IDG-CM6, which shows many similarities to osteocytes (11). These 

data are consistent with the hypothesis that sclerostin protein is expressed by terminally 

differentiated cells within mineralized matrices (19).

While articular cartilage is negative for sclerostin protein in healthy joint tissue (18), 

numerous studies have reported sclerostin protein expression in articular chondrocytes 

isolated from osteoarthritic joints (13, 20–22). Sclerostin expression has also been reported 

to be altered in rheumatic joint diseases (14, 23, 24);
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3. Sclerostin in Osteoarthritis and Rheumatic Joint Disease

Articular cartilage is maintained through a delicate balance of anabolic and catabolic 

processes, and disruption of this balance is associated with joint disease (25). Proper control 

of the canonical Wnt signaling pathway is essential for maintaining cartilage homeostasis 

(25, 26). Numerous studies have reported upregulated canonical Wnt signaling in 

osteoarthritis (OA) and ankylosing spondylitis (14, 27), where it is thought that this pathway 

promotes chondrocyte hypertrophy and breakdown of adult cartilage (20). Consistent with 

this, activation of -catenin, the primary mediator of canonical Wnt signaling, in articular 

chondrocytes led to an OA-like phenotype in mice (28). In contrast, rheumatoid arthritis 

(RA), which is associated with bone erosion, is characterized by reduced Wnt signaling (23). 

Given the importance of Wnt signaling in maintaining cartilage homeostasis and its 

disruption in joint disease, understanding the role of sclerostin in these pathologies and how 

this is modulated by anti-sclerostin antibody therapies is of great interest.

Osteoarthritis (OA), a degenerative joint disease causing cartilage breakdown, osteophyte 

(bone spur) formation, and subchondral bone thickening, is the most common form of 

arthritis, affecting an estimated 27 percent of adults over the age of 65 (29). OA joints 

exhibit increased canonical Wnt signaling, leading to increased aggrecanase and matrix 

metalloproteinase expression and cartilage destruction. While normal articular chondrocytes 

are negative for sclerostin protein (18), articular chondrocytes isolated from OA-affected 

joints express sclerostin (13, 20–22). This has been reported in surgically-induced OA 

models in sheep (20) and mice (13, 20), the STR/Ort OA mouse model (30), as well as 

human OA (13, 20–22). Papathanasiou, et al., found that sclerostin expression in OA 

articular chondrocytes isolated from patients undergoing knee replacement surgery 

correlated with hypomethylation of the CpG region of the SOST promoter, which is 

associated with open chromatin and increased gene expression (22). Despite increased Wnt 

signaling being associated with cartilage destruction in OA, aged sclerostin KO mice, which 

would be expected to exhibit higher levels of Wnt signaling, exhibited no significant 

differences in articular cartilage compared to wild type mice, and sclerostin antibody 

treatment of Sprague Dawley rats did not affect rat articular cartilage (13). Florio, et al., 

recently showed that anti-sclerostin antibody treatment and Sost KO results in compensatory 

increased expression of the Wnt receptor antagonist Dkk1 (31); it is possible that the up-

regulation of Dkk1 may account for the lack of effect of sclerostin inhibition on articular 

cartilage. A separate study utilizing Sost KO mice showed that destabilization of the medial 

meniscus to induce OA resulted in significantly higher OA scores in Sost KO compared to 

wild type mice, with significant increases in aggrecanase and type X collagen expression 

(32). In contrast, sclerostin antibody treatment of rats with surgical-induced OA did not have 

any significant effect on the OA disease score (13). This discrepancy between the Sost KO 

mice and sclerostin antibody treatment in destabilization of the medial meniscus-induced 

OA model is unclear. It is possible that tissue distribution of the sclerostin antibody in rat 

cartilage is not sufficient to see an effect. Alternatively, this may be a species specific effect.

In contrast to the increase in sclerostin expression in OA articular chondrocytes, the 

subchondral bone associated with sclerosis in OA shows reduced osteocyte sclerostin 

expression (14, 20, 30, 33). It is unknown whether this is due to a subchondral bone defect 
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or whether this results from the increased mechanical strain (load) on the joint. Serum levels 

of sclerostin are significantly reduced in OA patients (34), suggesting that the reduced 

osteocyte sclerostin contributes to systemic changes consistent with data that osteoarthritis is 

protective against hip fracture (35). Because of the subchondral bone sclerosis, Radin, et al., 

have postulated that the increased stiffness contributes to the cartilage destruction (36). 

However, the studies performed by Roudier, et al., and Bouaziz, et al., showing no effect of 

the increased bone mass related to sclerostin knockout and sclerostin antibody treatment on 

articular cartilage suggest that an additional trigger is needed to establish OA pathogenesis 

(13, 32).

Ankylosing spondylitis (AS), an inflammatory joint disease that is also associated with bony 

spur (syndesmophyte) formation, shows a similar reduction in osteocyte sclerostin 

expression in affected joints as well as reduced serum sclerostin. AS predominantly affects 

axial joints and interverterbral spaces, with bone deposition occurring at the inflamed 

entheses causing syndesmophyte formation, fused facet joints, back pain, and reduced 

mobility (14, 37). Analysis of zygapophyseal (ZA) joints obtained from AS patients, as well 

as healthy control tissue in the German SA Inception cohort study, showed that sclerostin 

positive osteocytes were significantly reduced in AS patient tissue (15% versus 53% positive 

in controls). Of interest, OA also exhibited significantly reduced sclerostin positive 

osteocytes in Lumbar ZA joints in this study (42% sclerostin positive), however joints 

collected from rheumatoid arthritis patients did not differ in osteocyte sclerostin (14).

Consistent with reduced sclerostin positive osteocytes in the ZA joints, serum sclerostin 

levels were significantly lower in AS patients compared to the healthy controls, and of 

interest, low serum sclerostin in the AS patients was associated with new syndesmophyte 

formation and radiographic progression. Because sclerostin was low before the 

syndesomphytes appeared, the data suggest that low sclerostin increased the susceptibility 

for syndesmophyte formation (14). This is consistent with the results of a more recent study 

by Sakellariou, et al., showing that sclerostin expression is blunted in patients with AS and 

patients with low serum sclerostin are more likely to develop ankyloses (37). This data 

showing low osteocyte sclerostin expression only in joint diseases with bony spurs (AS and 

OA) suggest low sclerostin as a biomarker for predicting the structural progression of bony 

disease (14).

In a related report, Tsui, et al., characterized the ank/ank mouse model of AS; these mice 

developed symptoms of human AS, and the joints showed increased β-catenin signaling. 

Consistent with the studies by Appel, et al., and Sakellariou, et al., Tsui, et al., confirmed 

reduced free sclerostin in AS patient sera; however their study also revealed the presence of 

sclerostin autoantibodies in AS patients and ank/ank mice. As stated above, AS is an 

autoimmune disease and these data suggest that sclerostin autoantibodies and immune 

complexes may contribute to AS disease development (38).

In contrast to OA and AS, rheumatoid arthritis (RA) is a chronic inflammatory disease 

causing bone erosion and decreased bone mass. Sclerostin protein expression was detected 

in the synovial tissue from RA patients. Sclerostin expression did not appear to co-localize 

with immune cells, but instead with fibroblast-like synoviocytes (23). In a mouse model of 

Weivoda et al. Page 4

Bone. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



TNF-α induced RA (human TNF-α transgenic mice), Wehmeyer, et al., found that these 

fibroblast-like synoviocytes constituted a major source of sclerostin. Of interest, the 

sclerostin appeared to be protective, as Sost KO or sclerostin antibody treated mice exhibited 

accelerated RA-like disease with increased paw swelling, reduced grip strength, elevated 

synovial pannus, and greater bone erosion. This was specific to TNF-α mediated RA, since 

blocking sclerostin had no effect on the G6PI (partial TNF-α mediated disease) or K/BXN 

(TNF-α independent) RA models. The authors showed through in vitro studies that TNF-α 
induced sclerostin expression in RA fibroblast-like synoviocytes (23). TNF-α induced 

SOST/sclerostin expression has previously been described in osteoblasts (39). Additionally, 

sclerostin blocked TNF-α induced p38/ERK activity, suggesting a protective role of 

sclerostin in chronic inflammation. Of interest to RA bone disease, sclerostin blocked TNF-

α induced RANKL expression by fibroblast-like synoviocytes, suggesting a possible 

mechanism by which the Sost KO RA mice exhibited worsened bone erosion (23). However, 

these data are in contrast to those of Chen, et al., who showed that anti-sclerostin antibodies 

prevented bone erosion as well as cartilage degradation in TNF-α induced RA (human TNF-

α transgenic mouse) without modifying inflammation (40). It is unclear why sclerostin 

inhibition worsened versus improved bone erosion in these two studies.

A separate study by Marenzana, et al., showed that prophylactic and therapeutic 

administration of anti-sclerostin antibody prevented systemic bone loss in mice with 

collagen-induced arthritis, a model of RA (41). Consistent with Chen, et al. (40), 

Marenzana, et al., reported no effect on systemic inflammation; however, Marenzana, et al., 

found no protection or improvement in focal bone erosion (41). This discrepancy may be 

due to differences in inflammatory cytokines induced in the two mouse models. Additional 

experiments are required to determine the specific role of sclerostin in RA. If the results of 

Wehmeyer, et al., are correct, treatment of RA patients with TNF-α-mediated disease with 

anti-sclerostin antibody therapy would be contraindicated. However, based on the findings of 

Chen, et al., and Marenzana, et al., certain RA patients may benefit from anti-sclerostin 

therapy to prevent systemic bone loss.

Juvenile idiopathic arthritis, an autoimmune condition with onset prior to 16 years of age, 

also causes reduced bone mass and patients have significantly increased levels of serum 

sclerostin, although it is unclear whether this is due to changes in chondrocyte or 

subchondral bone expression of sclerostin (24). Similar to RA, anti-sclerostin antibody 

therapy may benefit these patients by preventing systemic bone loss; however, it will be 

important to determine whether sclerostin plays an anti-inflammatory role in this disease 

setting.

4. Sclerostin and cancer

SOST/sclerostin has been noted in bone tumors and bone cancer cell lines (42). Early studies 

into regulation of the SOST promoter showed that the osteoblast transcription factor Runt-

related transcription factor 2 (Runx2) promoted SOST expression in the Saos2 human 

osteosarcoma cell line through binding the proximal promoter (43). Consistent with this, a 

recent report by Inagaki, et al., showed patchy sclerostin protein expression in mineralized 

osteoid and bone forming tumors, including osteosarcomas. Positive staining for sclerostin 
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was also found in hypertrophic chondrocytes in osteochondroma and chondroblasts in 

chondroblastoma. However, other bone tumors in this study, such as Multiple Myeloma 

(MM) and metastatic carcinoma were negative for sclerostin protein (42).

More than eighty percent of MM patients develop osteolytic lesions (44) due to increased 

osteoclast-mediated bone resorption and suppressed osteoblast function (45). A study by 

Terpos, et al., found that newly diagnosed MM patients had significantly increased levels of 

circulating sclerostin, and elevated serum levels of sclerostin correlated with advanced bone 

disease and reduced survival time (27 months vs. 98 months) in MM patients (46). Increased 

circulating sclerostin in MM compared to precursor disease states was confirmed by Eda, et 

al.; the authors of the latter study used a humanized xenograft mouse model and showed that 

the human MM-bearing mice exhibited increased mouse-derived sclerostin, suggesting that 

MM cells induce sclerostin expression by the bone microenvironment. Consistent with this, 

eight of twelve MM patients showed elevated SOST expression in bone-marrow isolated 

mesenchymal stem cells and osteoblasts, and MM cells stimulated SOST/sclerostin 

expression by immature osteoblasts in in vitro co-culture experiments; this effect could be 

prevented through neutralization of DKK1, suggesting a mechanism by which DKK1 may 

promote sclerostin expression (44). A separate study by Delgado-Calle, et al, reported that 

MM also induces SOST/sclerostin expression by osteocytes (47). Importantly, suppression 

of osteoblast differentiation by MM cells was prevented by sclerostin neutralizing 

antibodies, and neutralizing sclerostin in MM-bearing mice reversed osteolytic bone disease, 

suggesting sclerostin as a therapeutic target for MM bone disease (44).

In a separate study, Colucci, et al., reported SOST expression and sclerostin protein in MM 

cell lines (H929, RPMI-8226, U266 and Karpas 909) and CD138+ plasma cells isolated 

from MM patient bone marrow. Of interest, sclerostin levels were increased in MM patients 

with osteolytic lesions as compared to patients without bone disease (48). While Terpos, et 

al.(46), and Eda, et al.(44), reported elevated circulating sclerostin, Brunetti, et al., found no 

change in serum sclerostin, only in bone marrow sclerostin, suggesting only local 

microenvironment changes in sclerostin (49). Consistent with the data reported by Eda, et al.

(44), H929 MM cells and CD138+ cells harvested from MM patients inhibited osteoblast 

mineralization and the expression of osteoblast-specific proteins in vitro, and normal 

osteoblast differentiation and function was restored by neutralization of sclerostin (48). 

Additionally, H929 cells increased BMSC RANKL expression while decreasing OPG 

expression, and this was prevented by neutralization of sclerostin, suggesting that MM-

derived sclerostin is involved not only in the inhibition of osteoblast differentiation, but also 

in the up-regulation of osteoclast mediated resorption in osteolytic lesions (48).

Similar to the findings that Runx2 promoted SOST expression in Saos2 osteosarcoma cells 

(43), Mendoza-Villanueva, et al., reported that the bone metastatic breast cancer cell line 

MDA-MB-231 abnormally expresses Runx2, leading to sclerostin expression by these cells 

(50), and overexpression of Runx2 by non-metastatic MCF-7 breast cancer cells induced 

SOST expression in vitro. Sclerostin secretion by MDA-MB-231 cells strongly inhibited 

osteoblast differentiation and function in vitro implicating breast cancer-derived sclerostin in 

the suppression of bone formation and progression of metastatic breast cancer osteolytic 

lesions (50).

Weivoda et al. Page 6

Bone. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A study analyzing human prostate cancer specimens by immunohistochemistry showed that 

sclerostin levels are reduced in prostate cancer as compared to nodular hyperplasia. 

Importantly, high BMP6 and low sclerostin and noggin protein expression predicted the 

development of distant metastases, suggesting a predictive value in monitoring these 

proteins in prostate cancer progression (51). This is similar to findings in non-small cell lung 

cancer, showing that elevated expression of the SOST/sclerostin paralog SOSTDC1 was 

associated with better prognosis over patients with lower SOSTDC1 expression (52). In a 

separate study, Hudson, et al., reported that sclerostin had an inhibitory effect on prostate 

cancer invasion by reducing Wnt signaling, and sclerostin deficient osteoblasts promoted 

prostate cancer migration. Consistent with this, overexpression of sclerostin by PC3 prostate 

cancer cells reduced metastasis and osteolysis in vivo (53). Together these studies suggest 

that low sclerostin promotes prostate cancer progression. In contrast, Yavropoulou, et al., 

found that patients with bone metastatic prostate cancer exhibited increased serum sclerostin 

(54). Increased serum sclerostin in prostate cancer was also reported by Garcia-Fontana, et 

al., who found that serum sclerostin was further increased by androgen deprivation therapy 

(55). While this is seemingly inconsistent to the findings by Hudson, et al., and Yuen, et al., 

it is likely that local tumor-derived sclerostin inhibits prostate cancer growth and progression 

at the primary site through inhibition of canonical Wnt signaling, whereas elevated serum 

sclerostin is reflective of the increased bone remodeling associated with cancer-induced 

bone disease. Indeed, prostate cancer-induced bone disease is commonly associated with 

osteoblastic lesions, and the increased sclerostin may result from increased osteoblast and 

osteocyte numbers. Further study of the role sclerostin at primary and metastatic tumor sites 

is required to fully elucidate the role of this protein in tumor progression and metastasis, as 

well as its contribution to cancer-induced bone disease (both osteolytic and osteoblastic 

metastases).

5. Other tissues and pathologies impacted by sclerostin

Sclerostin protein expression has also been reported in a variety of other soft tissue 

pathologies. SOST expression was induced, along with other osteocyte markers, in vascular 

smooth muscle cells cultured in calcifying medium (12) and sclerostin was reported in aortic 

valves in areas adjacent to calcification in hemodialysis patients (56). Serum sclerostin levels 

directly correlate with vascular calcification (VC) in renal transplant recipients (57) and 

chronic kidney disease (58); this correlation became inverse following multivariate analysis 

in these studies, suggesting that SOST/sclerostin expression by vascular cells may be a 

counter-regulatory mechanism to suppress VC progression (57, 58). Of interest, high to 

intermediate levels of serum sclerostin were associated with decreased short-term 

cardiovascular mortality in dialysis patients (59). Understanding the exact role for sclerostin 

in VC development and/or progression, as well as the effect of anti-sclerostin antibodies on 

this requires further study.

As discussed earlier in this review, SOST expression has been documented in liver (2). More 

recently, Guanabens, et al., found liver SOST expression in primary biliary cirrhosis (PBC) 

was upregulated 2.7 fold. PBC patients exhibited higher serum sclerostin that inversely 

correlated with markers of bone metabolism, and the authors suggest that the elevated 

sclerostin contributes to low bone formation in these patients. IHC confirmed sclerostin 

Weivoda et al. Page 7

Bone. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



protein in seven out of the eleven PBC liver biopsies, with localization mainly in the 

cholangiocytes of the bile duct. Sclerostin staining was associated with cholangitis and early 

stage disease. However, serum sclerostin positively correlated with lumbar and hip BMD, 

suggesting that the increased sclerostin may be reflective of increased osteocyte number 

(10). Increased serum sclerostin has been reported in other liver conditions, including 

alcoholism (60) and advanced liver cirrhosis (61), although this appears to be due to 

impaired liver function and metabolism. It is unclear whether the sclerostin detected by IHC 

is reflective of cholangiocyte- or osteocyte-derived sclerostin, and whether the presence of 

sclerostin staining in the bile duct may be the result of impaired liver function in these 

patients; however, the fact that liver from these patients also exhibited increased SOST 
mRNA suggests the sclerostin is derived from a local site. It also remains unclear the extent 

to which the cholangiocyte-derived sclerostin contributes to overall serum sclerostin levels, 

and whether local sclerostin contributes to disease pathogenesis (10).

SOST expression may also be impacted by aging. Several studies have noted that serum 

sclerostin increases with age (62–64). Roforth, et al., compared serum sclerostin in young 

(mean age of 30 years) and old (mean age 72.9 years) women and found a 46% increase 

with aging; however, bone needle biopsies isolated from these women revealed no change in 

bone SOST mRNA levels (62). Since these are whole bone biopsies, it is possible that 

differences were not detected due to the heterogeneity of the samples; however an alternative 

explanation may be that sclerostin expression by other tissues may contribute to elevated 

serum sclerostin with age.

Sclerostin protein has previously been reported to co-localize with MMP9, a marker of 

osteoclasts, in the developing embryonic skeleton (65). While osteoclasts derived from 

young C57Bl/6 and Balbc mice expressed low levels of Sost, we found that osteoclasts 

derived from the bone marrow of old mice produce significantly increased levels of 

sclerostin protein (66). The effect of age on SOST/sclerostin expression remains relatively 

under-investigated and further studies are required to determine the presence of non-

osteocyte derived sclerostin in aging.

4. Conclusions

Although commonly referred to as an osteocyte-specific protein, it is clear that SOST/

sclerostin is expressed by several other cell types and/or tissues in normal and pathogenic 

conditions, including osteoarthritis, rheumatic joint disease, cancers (bone and non-bone 

tumors), and vascular calcifications. Additionally, non-osteocyte sclerostin expression may 

be induced with age. Whether sclerostin plays a protective role in these conditions or 

contributes to disease pathogenesis remains unclear. Therefore, careful investigation is 

required to understand the implications of sclerostin neutralization in these conditions.

Acknowledgments

Funding sources

This work was supported by the National Institutes of Health R01 AR067129, R01 AR65402, K01 AR070281; and 
Robert and Arlene Kogod Center on Aging Career Development Award.

Weivoda et al. Page 8

Bone. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Abbreviations

OA osteoarthritis

AS ankylosing spondylitis

RA rheumatoid arthritis

MM Multiple Myeloma

ZA zygapophyseal
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Highlights

• Sclerostin is produced by cells within mineralized matrices, including 

osteocytes, hypertrophic chondrocytes, and cementocytes

• Sclerostin is expressed by non-mineralized cells in certain pathogenic 

conditions

• Sclerostin expression is altered in osteoarthritis and rheumatic joint disease; it 

is unclear whether this is protective or pathogenic

• Understanding the role for sclerostin beyond bone formation will have 

important implications for the use of anti-sclerostin neutralizing antibody 

treatments
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Figure 1. 
Functions of sclerostin beyond the osteocyte. Typical characteristics of each disease/

pathogenesis is italicized and the role of sclerostin is noted below.
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Table 1

SOST RNA and sclerostin protein expression in bone and non-bone tissues.

Cells/Tissue Sample source RNA/Protein

Musculoskeletal tissue

Bone
Whole long bone- human/mouse RNA(2)

Mouse tibia, human hip bone, sclerosteosis patient mastoid RNA(18)

Osteocytes

Normal adult human bone Protein(9)

E17.5 mouse mineralized bone, adult mouse tibia RNA(18)

Human bone Protein(18)

Osteoblasts

Primary human osteoblasts RNA(9)

Human MSC derived osteoblasts RNA(9)

Human/mouse MSC derived mineralizing osteoblast cultures RNA(18)

Osteosarcoma
Human Saos2 cell line RNA(43)

Human bone tumor biopsy Protein(42)

Osteoclasts
Mouse embryo Protein(65)

Aged mouse bone marrow RNA/Protein(66)

Cartilage
Human/mouse RNA(2)

Embryonic mouse (E15.5) ossifying cartilage RNA(9)

Hypertrophic chondrocytes
Human bone Protein(9)

Human growth plate Protein(19)

Articular Cartilage-Osteoarthritis (OA)

Human OA cartilage RNA/Protein(20)

Sheep, mouse surgery-induced OA cartilage Protein(20)

Human articular cartilage RNA(21)

Human cartilage RNA/Protein(13)

Human articular cartilage RNA/Protein(22)

STR/Ort OA mouse articular cartilage RNA(30)

Cementocytes

Human/mouse teeth Protein(19)

IDG-CM6 mouse cementocyte cell line RNA/Protein(11)

Human/mouse teeth, mineralizing periodontal ligament cells Protein(67)

Multiple Myeloma Patient CD138+ plasma cells and human cell lines H929, RPMI-8226, U266 
and Karpas909 RNA/Protein(48)

Soft tissue

Breast cancer Human MDA-MB-231 cell line RNA/Protein(50)

Prostate Prostate nodular hyperplasia and prostate cancer Protein(51)

Kidney Human/mouse RNA(2)

Liver
Human/mouse RNA(2)

Human primary biliary cirrohsis biopsy Protein(10)

Heart Mouse RNA(2)

Aortic valves Hemodialysis patient aortic valve RNA/Protein

Brain Mouse RNA(2)
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Cells/Tissue Sample source RNA/Protein

Thymus Mouse RNA(2)

Placenta Human RNA(2)

Fetal skin Human RNA(2)

Bone. Author manuscript; available in PMC 2018 March 01.


	Abstract
	1. Introduction
	2. Sclerostin expression beyond the osteocyte
	3. Sclerostin in Osteoarthritis and Rheumatic Joint Disease
	4. Sclerostin and cancer
	5. Other tissues and pathologies impacted by sclerostin
	4. Conclusions
	References
	Figure 1
	Table 1

