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REVIEW

Sclerostin is a promising therapeutic target 
for oral inflammation and regenerative dentistry
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Abstract 

Sclerostin is the protein product of the SOST gene and is known for its inhibitory effects on bone formation. The 
monoclonal antibody against sclerostin has been approved as a novel treatment method for osteoporosis. Oral health 
is one of the essential aspects of general human health. Hereditary bone dysplasia syndrome caused by sclerostin 
deficiency is often accompanied by some dental malformations, inspiring the therapeutic exploration of sclerostin in 
the oral and dental fields. Recent studies have found that sclerostin is expressed in several functional cell types in oral 
tissues, and the expression level of sclerostin is altered in pathological conditions. Sclerostin not only exerts similar 
negative outcomes on the formation of alveolar bone and bone-like tissues, including dentin and cementum, but 
also participates in the development of oral inflammatory diseases such as periodontitis, pulpitis, and peri-implantitis. 
This review aims to highlight related research progress of sclerostin in oral cavity, propose necessary further research 
in this field, and discuss its potential as a therapeutic target for dental indications and regenerative dentistry.
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Background
The SOST gene was initially identified in the late 1990s 
during the studies on sclerosteosis and Van Buchem 
disease, which are two rare hereditary diseases charac-
terized by high bone mass [1, 2]. Sclerostin, the protein 
product of the SOST gene, is a well-known osteogenesis 
inhibitor that plays a vital role in bone remodeling [3–6]. 
A humanized monoclonal sclerostin-neutralizing anti-
body (Scl-Ab) called romosozumab was approved in 2019 
by the Food and Drug Administration (FDA) for treating 
osteoporosis in patients with a high risk of fracture, fol-
lowing years of clinical trials evaluating the pharmacol-
ogy, efficacy, and safety [7]. In recent years, sclerostin 
has received much interest from the researchers in the 
oral field. Furthermore, sclerostin has been found to 
participate in dentinogenesis, cementogenesis, alveolar 
bone remodeling, pupal/periodontal inflammation and 

implant osseointegration. This review aims to highlight 
the role of sclerostin in the formation and maintenance of 
tooth and periodontal supporting tissues, suggest more 
specific scientific evidence in this field, and prospect 
potential therapeutic applications for dentistry.

A PubMed and Google Scholar online database search 
for relevant studies was performed in October 2021 and 
updated in April 2022. Search terms included “sclerostin”, 
“SOST”, and terms of dental tissues, periodontal struc-
tures, oral cell types and dental diseases. Articles were 
screened by title and abstract. Evidence was acquired 
from in vivo and in vitro experimental studies and clini-
cal trials.

Sclerostin: a molecule that regulates bone 
metabolism
The SOST gene is located in the human chromosomal 
region 17q12-q21, with only two exons and one intron 
[8, 9]. Six mutants of the SOST gene have been reported: 
three premature termination codons, two splice site 
mutations, and one missense mutation [10, 11]. Scle-
rosteosis is caused by the mutation of SOST gene [9], 
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whereas Van Buchem disease results from the deletion of 
a 52-kb fragment containing an enhancer element down-
stream of the SOST transcription start site [12, 13]. These 
two bone dysplasia diseases are similarly characterized by 
generalized hyperostosis or sclerosis of the skull and even 
all long bones due to sclerostin protein deficiency.

Sclerostin is a secretory glycoprotein containing 213 
amino acids with a relative molecular weight of 40 kDa. 
The amino acid sequence of sclerostin in humans has 
88% and 89% homology with mice and rats, respectively. 
Sclerostin expression can be modulated by multiple 
factors such as mechanical stress, oxygen, hormones, 
and transcription factors [14–17]. Sclerostin potently 
inhibits bone formation by regulating the proliferation, 
differentiation, mineralization, and apoptosis of pre-
osteoblastic cells and osteoblasts [18–20]. Sclerostin 
deficiency causes high bone mass in humans and 
experimental animals [3, 9, 12]. In contrast, sclerostin 
overexpression in mice causes a remarkable reduction 
in bone mass and volume [18, 21]. Sclerostin contains 
a cysteine knot, and the knot motif shares 20–24% 
similarity with differential screening-selected gene 

aberration in neuroblastoma (DAN) protein family 
also containing a cystine knot [8, 22]. The DAN 
protein has been shown to inhibit osteogenesis by 
antagonizing bone morphogenetic proteins (BMPs). 
Thus, early studies presumed that sclerostin also 
served as a BMPs antagonist to inhibit bone formation 
[8, 18]. However, subsequent studies have confirmed 
that the negative effects of sclerostin on osteogenesis 
were mainly achieved by blocking the Wnt/β-catenin 
signaling pathway rather than the BMPs pathway. The 
Wnt proteins are crucial for skeletal formation and 
development. Sclerostin competitively binds to the low-
density lipoprotein receptor protein 5/6, decreasing its 
combination with Wnt proteins and Frizzled receptor, 
blocking the activation of Wnt/β-catenin pathway 
and consequently inhibiting bone formation (Fig.  1) 
[19, 23, 24]. Moreover, several studies have proposed 
that sclerostin also plays an essential role in bone 
resorption. Receptor activator of nuclear factor-κB 
ligand (RANKL) is the key factor for osteoclast 
differentiation and activation. Osteoprotegerin (OPG) 
is the decoy receptor of RANKL that downregulates 

Fig. 1  Role and mechanisms of sclerostin secreted by osteocytes in bone metabolism. Sclerostin inhibits Wnt/β-catenin pathway by competitively 
binding to LRP5/6, promoting the ubiquitinated degradation of β-catenin and blocking its nuclear import to inhibit the osteogenic function of 
osteoblasts. Besides, sclerostin increases the production of RANKL while decreases the production of OPG in osteoblasts and pre-osteoblasts 
to active the osteoclasts. LRP5/6 low-density lipoprotein receptor protein 5/6; RANKL receptor activator of nuclear factor-κB ligand; OPG 
osteoprotegerin; RANK receptor activator of nuclear factor-κB
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bone resorption. Sclerostin can promote osteoclast 
production and activate osteoclast function by 
regulating the RANKL/OPG axis (Fig. 1) [21, 25].

Advanced knowledge about sclerostin’s negative role 
in bone mass was adapted from the laboratory experi-
mentation to the clinic. Romosozumab, a humanized 
monoclonal Scl-Ab, has been approved as an alternative 
therapy for postmenopausal women with a high risk of 
osteoporotic fractures, and is expected to become a novel 
method for accelerating fracture healing and treating 
sclerosteosis and myeloma bone disease [24, 26–29].

Distribution of sclerostin in oral tissues and cells
It has been recognized that sclerostin has been exclu-
sively expressed in the bone tissue for a long time. Scle-
rostin is mainly secreted by osteocytes and, to a lesser 
degree, by chondrocytes and osteoclasts [18, 20, 22]. 
However, patients with sclerosteosis or Van Buchem 
disease also display some dental malformations, such as 
malocclusion, partial anodontia, delayed tooth eruption, 
and abnormal tooth shape and position [30, 31]. These 
manifestations due to sclerostin deficiency inspired the 
investigation of sclerostin in the oral field.

There are many cell types in dental and periodontal 
tissues, with different morphology and biological 
functions. Recent studies have confirmed that sclerostin 
expression in oral tissue is not only in osteocytes of 
alveolar bone, but also in odontoblasts and dental pulp 
stem cells (DPSCs) in dental pulp, cementocytes in 
cementum, and periodontal ligament cells (PDLCs) 
(Fig. 2; Table 1). Additionally, sclerostin is also distributed 
in gingival tissue and gingival crevicular fluid. The wide 
range of sclerostin expression in oral tissues and cells 
has shown regulatory potential of sclerostin in dental 
homeostasis.

Role of sclerostin in oral hard tissues
Sclerostin and alveolar bone remodeling under mechanical 
stress
Mechanical stress stimulation is a crucial factor that 
regulates bone growth and bone remodeling [61, 
62]. Osteocytes can perceive external stimuli via the 
primary cilia, cell membrane, and dendrites [29, 63]. 
Sclerostin secreted by osteocytes serves as a mediator of 
mechanotransduction, characterized by the significant 
enhancement of the serum levels of sclerostin in patients 

Fig. 2  The distribution of sclerostin in oral tissues and cells. Sclerostin is distributed in gingiva and gingival crevicular fluid, periodontal ligament 
cells and osteocytes in periodontal supporting tissues, odontoblasts and dental pulp stem cells in dental pulp, and cementocytes in cellular 
cementum
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with disused osteoporosis caused by unloading [64]. 
Several in  vivo and in  vitro studies have demonstrated 
that sclerostin can act as a mediator between osteocytes 
and osteoblasts to inhibit osteoblasts mineralization. 
Consequently, mechanical loading could reduce 
sclerostin expression to promote bone formation in wild-
type mice, but SOST knock-out mice were insensitive to 
unloading and did not have bone loss [14, 15]. Therefore, 
it has been recognized that under mechanical stress, 
sclerostin exerts negative regulatory effects on bone 
formation.

Alveolar bone, a highly plastic tissue surrounding 
the root, is the crucial supporting structure of tooth. 
SOST knock-out mice had higher density and volume 
of mandibular alveolar bone than wild-type mice, and 
systemic Scl-Ab administration for rats with alveolar 
bone defects could improve bone regeneration, 
suggesting the essential role of sclerostin in the 
metabolism of alveolar bone [65, 66]. Alveolar bone is 
the most actively remodeled bone tissue throughout the 
body, and alveolar bone loss is related to age, menopause, 
periodontal disease, and change of occlusal stress 
[67, 68]. Disused loss of alveolar bone induced by the 
reduction or loss of occlusal stress resembles disused 
osteoporosis, involving local and systemic multiple 
factors. In a recent study, the maxillary molar of rats was 
pulled out to simulate occlusal stress reduction. It was 

found that SOST mRNA was remarkably upregulated 
in the osteocytes of the opposing mandible alveolar 
bone, and Scl-Ab treatment could significantly increase 
the bone mass of opposing alveolar ridge [49], thereby 
revealing that sclerostin is involved in alveolar bone 
remodeling after occlusal stress loss.

Orthodontic tooth movement (OTM) is the process 
in which exogenous mechanical force acting on teeth 
is transmitted to the periodontal tissues leading to 
alveolar bone remodeling. During OTM, the anabolism 
of alveolar bone is highly active on the tension side, 
whereas catabolism is dominant on the compression side 
[69]. Related studies often use Ni–Ti closed-coil springs 
holding the upper bilateral incisors and unilateral first 
molar of rodents to simulate OTM in  vivo. The results 
demonstrated that orthodontic force could modulate the 
expression level of sclerostin in alveolar bone (Table  2). 
Sclerostin was often decreased on the tension side, 
whereas, on the compression side, sclerostin showed a 
significant increase at the early stage and then gradually 
dropped back to the initial level [42, 46, 48]. Oxygen 
concentration is one of the factors regulating the 
sclerostin expression level [17], hence, the difference of 
dynamic trends between the tension and compression 
sides might be related to the ischemic hypoxic condition 
of the compression side. Moreover, the dynamic trends 
corresponded with the negative role of sclerostin in 

Table 1  The expression of sclerostin in oral tissues and cells

ELISA enzyme-linked immunosorbent assay; qPCR quantitative real-time polymerase chain reaction

Cell/tissue Species Detection methods Refs.

Gingival crevicular fluid Human ELISA/qPCR [32–36]

Gingiva Human ELISA/qPCR [37, 38]

Periodontal ligament cell Human Western Blot/qPCR 
Immunohistochemistry 
Immunofluorescent staining

[39–41]

Mouse Confocal microscopy [42]

Osteocytes in alveolar bone Human Immunohistochemistry [39, 43]

Mouse LacZ staining/qPCR
Immunohistochemistry
Immunofluorescent staining

[39, 42, 44–47]

Rat Immunohistochemistry [48–51]

Odontoblast Human Immunohistochemistry [52, 53]

Mouse Immunohistochemistry [45, 54]

Odontoblast-like cell Human Western blot/qPCR [52, 55]

Mouse Immunohistochemistry [56]

Dental pulp stem cell Human Western blot/qPCR [53, 55, 57]

Mouse qPCR [56]

Cementocyte Human Immunohistochemistry
qPCR

[39, 58]

Mouse Immunohistochemistry
LacZ staining

[39, 44, 59, 60]



Page 5 of 13Liao et al. Journal of Translational Medicine          (2022) 20:221 	

bone mass and the remodeling process at the tension/
compression site during OTM. In another study setting 
up a relapse group, OTM was removed after one week 
and the molar was allowed to relapse for another week. 
The results showed that when compared to the control 
group (receiving OTM for 2 weeks), sclerostin expression 
was increased on both sides (tension and compression) 
followed by decreased alveolar bone mass [47], 
validating sclerostin’s role in alveolar bone remodeling. 
Additionally, in SOST knock-out mice, the expression of 
RANKL and the number of osteoclasts in alveolar bone 
were lower than those in wild-type mice during OTM 
(force: 5.1  g) [48]. These results infer that sclerostin is 
vital in alveolar bone remodeling during OTM via both 
osteogenic and osteoclastic responses.

PDLCs in periodontal ligament are pluripotent stem 
cells with osteogenic potential, which are the main 
source of osteoblasts responsible for forming alveolar 
bone [70]. Hence, many related researches also use 
PDLCs as the in vitro model to investigate alveolar bone 
remodeling under mechanical stress. Several studies 
have confirmed that PDLCs were highly sensitive to 
mechanical stimulation, and the tension force could 
elevate the expression of osteogenic marker genes in 
PDLCs to promote the osteogenic differentiation [71–
74]. The mechanosensory ability of PDLCs was regulated 
by osteocytes-derived sclerostin, and SOST knock-out 
or inhibition in mice would eliminate the response of 
PDLCs to mechanical force [44, 75]. Sclerostin was also 
expressed in PDLCs cultured from human periodontal 
ligament and the intermittent compressive force (1.5  g/
cm2, 14 rounds/min) could improve sclerostin expression 
in PDLCs [40]. Another study found that when mild 
compressive force (0.24  g/cm2) was applied to PDLCs, 
the expressions of sclerostin and RANKL decreased, 
whereas they increased when severe compressive force 
(2.4  g/cm2) was applied [46]. Accordingly, sclerostin 

may regulate the osteoclastic function of PDLCs to act 
on alveolar bone resorption under compressive stress, 
but more direct experimental evidence is still needed. 
In addition to compression, mechanical stress also 
involves other factors, such as tension, fluid shear stress 
and so on. Relevant researches will need to be further 
complemented and improved in the future.

Above all, mechanical stress can regulate sclerostin 
expression in osteocytes of alveolar bone and PDLCs, 
and sclerostin may participate in alveolar bone remod-
eling by directly or indirectly regulating the balance of 
bone formation and bone resorption.

Sclerostin and dentinogenesis
Dentin is the core tissue of tooth, which supports the 
enamel on the outside and protects the pulp on the 
inside. It resembles bone in the mesenchymal origin, 
composition, and especially biomineralization mecha-
nisms that mainly involve collagen formation and matrix 
mineralization. Odontoblasts act as the most crucial 
part of dentinogenesis by synthesizing dentin matrix and 
regulating its mineralization. After finishing the termi-
nal differentiation, odontoblasts can secrete type I col-
lagen matrix, non-collagen, and proteoglycans, and then 
promote the transport of calcium and inorganic phos-
phate to the mineralization front [76, 77]. Odontoblasts 
are similar to osteocytes not only in their mesenchymal 
origin and mechanosensory ability, but also in sclerostin 
secretion. An experiment on fetal mice found that scle-
rostin was expressed in the secretory odontoblasts of 
tooth germs, thus demonstrating the potential correla-
tion between sclerostin and dentin growth [45]. Another 
study on postnatal mice also confirmed the positive scle-
rostin expression in odontoblasts, and demonstrated 
that the physiological downregulation of sclerostin along 
with the inhibition of osteoclast activity might initiate 

Table 2  Sclerostin expression alteration in alveolar bone during orthodontic tooth movement

(Results are generally compared with day 0, but a compared with relapse group)

Animal Force (g) Time (days) Sclerostin level Detection method Refs.

Tension side Compression side

Mouse 10 4 ↓ ↑ Confocal fluorescence imaging [42]

Rat 20 1 ↓ ↑ Immunohistochemistry [48]

7 ↓  → 

28 ↓ ↓
Mouse 10 1 ↓ ↓ Immunofluorescence [46]

5  →  ↑
10  →   → 

Mouse 10 14 ↑a ↑a Immunohistochemistry [47]
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the growth transitions from primary dentin to secondary 
dentin and from crown to root [54]. Besides, sclerostin 
expression was interacted with the expression of dentin 
sialophosphoprotein, a critical protein for dentin miner-
alization [52, 53, 78].

The tertiary dentin, subclassified as either reparative 
or reactive, is newly formed after tooth eruption caused 
by external stimuli such as abrasion, trauma, and caries 
[79]. Following mild stimuli, surviving odontoblasts 
are activated and secrete reactive dentin; upon intense 
stimulation, local odontoblasts would die and DPSCs 
in dental pulp would differentiate into odontoblast-like 
cells to form the reparative dentin [80] (Fig.  3). Non-
carious sclerotic dentin is a kind of reactive dentin 
mainly located beneath non-carious cervical lesions 
(NCCLs), for instance, wedge-shaped defects. Closed 
tubules and hyper-mineralized matrix contribute to 
sclerotic dentin as a protective barrier that prevents 
external stimulation into the pulp cavity [81, 82]. The 
precise forming mechanisms of sclerotic dentin still 
remains undefined. After all, mechanical stress exerted 
by transverse toothbrushing and occlusal over-loading, 
the fundamental etiology of NCCLs, should be an 
underlying inducing cause of sclerotic dentin formation 
[83–85]. Previous study of the author collected human 
teeth with NCCLs and cultured human odontoblasts 
in  vitro, and found that sclerostin expression decreased 
in odontoblasts beneath NCCLs, and that sclerostin 
overexpression in odontoblasts inhibited the odontogenic 
differentiation under tensile stress, suggesting that 

sclerostin might participate in non-carious sclerotic 
dentin formation under mechanical stress by inhibiting 
the differentiation of odontoblasts [52]. DPSCs are 
the sole source of regenerative odontoblasts in  vivo. 
Recent research found that sclerostin could impair the 
odontoblastic potential of DPSCs, thus indicating the 
negative role of sclerostin in reparative dentinogenesis 
[53]. Another study on reparative dentin established 
a pulp injury model in mice by exposing the pulp of 
maxillary first molars with a metal file and covered with 
mineral trioxide aggregate (MTA) materials. The results 
showed that sclerostin was expressed in newly formed 
odontoblast-like cells, and the forming rate of reparative 
dentin was faster in SOST knock-out mice than that in 
wild-type mice [56].

Tertiary dentin holds great significance for tooth devel-
opment and pulp repair. For severely damaged pulp, 
applying tissue engineering technology to achieve pulp/
dentin regeneration has become a research hotspot and 
clinical trend, which is also based on the odontogenic 
ability of transplanted DPSCs. Up till the present stud-
ies, sclerostin has shown similar inhibitory effects on 
dentinogenesis as osteogenesis. In the view of the break-
through that anti-sclerostin becomes a new target for 
osteoporosis treatment, future studies on the regula-
tory function of sclerostin on dentin biomineralization 
may promote the development of dentin repair and pulp 
regeneration. Eventually, novel strategies for preventing 
and treating dentin diseases such as dentin hypersensi-
tiveness and dentin defects will evolve.

Sclerostin and cementogenesis
Cementum, another bone-like tissue of tooth, is the 
bridge connecting tooth and periodontal tissues to main-
tain the tooth stability and periodontal health. Cemen-
tum can be divided into cellular cementum and acellular 
cementum, with cellular cementum having a regenerative 
capacity. The cellular cementum layer covering the root 
surface plays a protective role in root maintenance and 
cementum regeneration is crucial to the repairment of 
external root resorption under physiological or patho-
logical condition.

Sclerostin is expressed in human and mouse 
cementocytes [39, 58, 59]. Patients with sclerosteosis 
or Van Buchem disease have a phenotype of increased 
cementum [86], and SOST gene deficiency in mice 
also induces buccal and lingual cementum thickening 
[65], which reflects the inhibitory effect of sclerostin 
on cementogenesis. Another study in mice found 
that sclerostin was not detected at the initial stage of 
cementogenesis, but was expressed in the apical cellular 
cementum at four weeks old, and the expression is 

Fig. 3  Schematic diagram of tertiary dentin formation. Reactive 
dentin is secreted by surviving odontoblasts under mild 
stimulus, whereas reparative dentin is secreted by newly formed 
odontoblast-like cells that originate from dental pulp stem cells in 
response to intense stimulus
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elevated at 8 weeks old, suggesting that sclerostin might 
be involved in the regulation of cementum homeostasis 
and cementum regeneration [59]. Furtherly, a recent 
study experimentally created osseous defects around 
teeth in rats and found that the systemic administration 
of Scl-Ab could increase cementogenesis to improve 
cemental repair [66].

Orthodontic treatment aims to correct the teeth 
arrangement, but induces a severe side effect of root 
resorption on the compressive side during OTM [87]. 
Cementoblasts are essential effector cells for root pro-
tection that not only resist the attachment of cemento-
clasts, but also secret new cementum-like tissue to repair 
the absorbed root. In vitro studies have shown that scle-
rostin could inhibit the proliferation and differentiation 
of cementoblasts, and promote root resorption under 
compressive force by modulating the RANKL/OPG axis 
[88–91].

Cementogenesis is crucial for root development and 
repairment. Further identification of sclerostin’s nega-
tive effects on cementum formation and regeneration 
will benefit the treatment of cementum-related diseases, 
especially OTM-induced root resorption.

Role of sclerostin in oral inflammation
Sclerostin and pulp inflammation
Dental pulp inflammation is often a sequel to caries or 
trauma that facilitates the penetration of pathogens and 
their bacterial products. Odontoblasts occupy a particu-
lar location in the dentin-pulp interface, and their cyto-
plasmic processes extend along the dentinal tubules to 
sense the external stimulation. Consequently, odonto-
blasts serve as the first cellular line of host defense 
exposed to pathogens and initiate the pupal inflamma-
tory immune responses by secreting various cytokines 
and chemokines [92–94]. However, odontoblasts possess 
limited anti-inflammatory ability under intense stimula-
tion, and then DPSCs would migrate to the injury site 
and differentiate into odontoblast-like cells to gener-
ate a reparative dentin barrier [95, 96]. The objective of 
vital pulp therapy is to replace odontoblasts with DPSCs, 
which has now become a preferable treatment for revers-
ible and localized pulpitis.

Sclerostin has been proposed as an inflammatory 
regulator based on the experimental findings that scle-
rostin inhibition can prevent bone loss in patients with 
rheumatoid arthritis and colitis [97–99]. In DPSCs, 
inflammatory cytokine interleukin-1β could down-
regulate sclerostin expression at the transcription level 
[57]. A previous in  vitro study of the author found that 
in lipopolysaccharide-induced inflammatory condition, 
sclerostin promoted the production of several critical 

pro-inflammatory cytokines in odontoblasts and inhib-
ited the odontoblastic differentiation of inflamed DPCs, 
revealing that sclerostin might play a pro-inflammatory 
role in dental pulp inflammation and impair dentin 
regeneration [55].

Inflammation and aging often interact in dental pulp: 
inflammation can induce oxidative stress and DNA 
damage to cause the premature senescence of dental 
pulp cells (DPCs); aging is also accompanied by chronic 
inflammation because of the upregulated production of 
inflammatory molecules [100–103]. Recent studies have 
reported significantly elevated sclerostin in the serum 
and pulp tissue of the elderly, and sclerostin could induce 
DPCs senescence in vitro [53, 104, 105]. Hence, sclerostin 
might also participate in the regulation of dental pulp 
inflammation by promoting the aging process of DPCs.

If pulp infection evolves into pulpitis or apical peri-
odontitis, the patients will suffer severe pain and even 
tooth loss. The precise procedure and regulation of 
dental pulp inflammation are yet to be well elucidated. 
Existing experimental evidence suggests that sclerostin 
inhibition seems to be promising for anti-inflammation 
and pro-regeneration during dental pulp inflammation. 
More convincing evidence and extensive exploration of 
applications are still needed.

Sclerostin and periodontal disease
Periodontal disease, one of the essential reasons causing 
tooth loss, refers to the chronic inflammation of peri-
odontal supporting tissues caused by local factors, and 
includes gingivitis and periodontitis. Once gingivitis 
deteriorates to periodontitis, it will manifest as attach-
ment loss, alveolar bone resorption and pathological per-
iodontal pocket formation. Sclerostin has been shown to 
play a pro-inflammatory role in arthritis and colitis [97, 
98, 106]. With the discovery of positive sclerostin expres-
sion in PDLCs [59], its role in periodontitis has recently 
become a popular subject to explore. Clinical studies 
have shown that sclerostin level is higher in the gingi-
val tissue, gingival crevicular fluid and serum of patients 
with chronic periodontitis than in healthy people, and is 
accompanied by an increased RANKL production [32, 
33, 36–38]. Sclerostin serves as positive feedback for 
RANKL expression in inflammation progression, imply-
ing that sclerostin may have a promoting effect on peri-
odontitis, furthermore, osteoclast might be conductive to 
this promotion process.

Alveolar bone loss is the critical pathological manifes-
tation of periodontitis. Periodontitis often leads to tooth 
loosening and even tooth loss due to the destruction of 
periodontal supporting tissues. The influence of perio-
dontitis on alveolar bone remodeling is not only reflected 
in occlusal stress change (described in preceding section), 
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but more importantly, in local inflammation-caused bone 
resorption [107]. Establishing a periodontitis model in 
rats by ligating the first molar with silk thread, research-
ers found that sclerostin expression in the alveolar bone 
was higher in rats with periodontitis, and furtherly, 
increased sclerostin along with decreased osteogenesis 
in the early stage of periodontitis, then decreased scle-
rostin followed by more osteoid formation in the later 
stage [50, 51, 108]. Furthermore, rats with periodontitis 
who received treatment with Scl-Ab showed a rebound in 
the alveolar crest level, alveolar bone mass and the serum 
expression level of osteocalcin and osteopontin [109]. 
Thus, it can be seen that sclerostin in alveolar osteocytes 
plays a crucial role in alveolar bone formation during 
periodontitis.

Periostin is an essential matrix protein for periodontal 
ligament formation. Periostin is highly expressed in the 
periodontal ligament, but the periostin level of gingival 
crevicular fluid in periodontitis patients was lower than 
in healthy people [110, 111]. Periostin deficiency destroys 
the integrity of periodontal ligament, further leading to 
alveolar bone loss, periodontal tissue inflammation, peri-
odontal pocket formation and other symptoms similar 
to periodontitis [112]. However, the offspring of SOST 
knock-out mice and periostin null mice did not have 
alveolar bone loss, and an early treatment of Scl-Ab to 

periostin null mice could prevent the changes of osteo-
cytes morphology and the appearance of periodontitis 
symptoms, and a late treatment could increase the den-
sity and height of alveolar bone and reduce the formation 
of bone resorption lacunae [113]. These results validate 
that sclerostin acts as a regulatory mediator of periostin 
and periodontal home homeostasis.

In summary, current studies demonstrate that 
sclerostin may contribute to the development of 
periodontitis by regulating the anabolism and catabolism 
of alveolar bone, and sclerostin inhibition during 
periodontitis could improve alveolar bone mass and 
repair the morphology of periodontal ligament (Fig.  4). 
The detection of sclerostin level and the application 
of Scl-Ab offer great potential for the diagnosing and 
treating periodontitis.

Role of sclerostin in dental implantation
Sclerostin and osseointegration
Dental implantation is a reliable treatment for repairing 
missing tooth in oral clinical treatment. Osseointegration 
is defined as the formation of a direct interface between 
living bone and a load-carrying implant without inter-
vening soft tissue, which is the basic theory and pursue 
goal of dental implantation. Adequate bone mass at the 
edentulous ridge is fundamental for osseointegration 

Fig. 4  Current understanding about the role of sclerostin in periodontitis. A In periodontitis condition, the expression of sclerostin and RANKL is 
increased while the expression of periostin is decreased. B Sclerostin participates in periodontitis development by regulating periodontal ligament 
morphology and alveolar bone metabolism. RANKL receptor activator of nuclear factor-κB ligand
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after dental implant placement. The challenge of stable 
osseointegration lies in how to accelerate alveolar bone 
regeneration to shorten implant healing time and main-
tain long-term stability.

Because sclerostin serves as a principal regulator of 
bone metabolism, its potential role on bone-implant 
osseointegration has generated extensive interest in 
the oral field. The application of Scl-Ab on rats with 
femoral implants could enhance implants retention by 
promoting the osteogenesis of cortical bone and bone 
trabecula [114, 115]. To better mimic dental implan-
tation in the oral environment, customized small 
implants were implanted in the rat alveolar bone one 
month after the extraction of maxillary first molar, 
and the results showed that Scl-Ab treatment could 
significantly increase maxilla bone mass and promote 
implant osseointegration [116].

Osteoporosis is a potential risk factor for the fail-
ure of dental implantation because of the difficulties 
on bone healing and osseointegration forming. Recent 
research found that sclerostin deficiency increased 
bone regeneration within rodent calvarial defect [117], 
and sclerostin impaired microRNA-based tissue engi-
neering therapy for canine mandibular defect [118], 
inferring positive outcomes of sclerostin inhibition on 
alveolar bone augmentation. Moreover, several stud-
ies reported that SOST knock-out or Scl-Ab treatment 
could significantly promote the osseointegration of 
femoral implants and tibial implants in ovariecto-
mized osteoporotic rodents [119–121]. These findings 
support the view that sclerostin inhibition might be a 
promising therapy to promote implant osseointegra-
tion for patients with insufficient bone mass or bone 
defects.

Sclerostin and peri‑implant diseases
Implant dentures provide similar esthetics and chew-
ing functionality to natural teeth. However, the broad 
application of implants makes peri-implant diseases 
become a serious clinical challenge. The inflammatory 
change of soft tissue around implants is called peri-
implant mucositis, and the alveolar bone defect caused 
by peri-implant mucositis is called peri-implantitis. The 
prevention and treatment of peri-implant diseases are 
increasingly important for oral clinicians.

In a broad sense, both peri-implant mucositis and 
peri-implantitis belong to periodontal disease group. 
Two clinical studies collecting gingival crevicular fluid 
of patients with implants showed that the sclerostin 
level is significantly higher around inflamed implants 
than around healthy implants, suggesting that sclerostin 
might serve as a valuable biomarker of peri-implantitis 

[34, 35]. Furthermore, Scl-Ab treatment for rats 
with femoral implants could prevent aseptic implant 
loosening and osteolysis around implants [114, 115]. 
Accordingly, as a potential regulator of periodontitis, 
sclerostin may also exert a pro-inflammatory effect on 
peri-implant diseases.

Conclusions and future perspectives
Since the discovery of SOST gene in the late 1990s, the 
role and mechanisms of sclerostin on bone metabolism 
have been extensively investigated. The monoclonal anti-
body romosozumab has been approved as an option for 
patients with osteoporosis, and is promising for treat-
ing other bone diseases such as fracture, sclerosteosis 
and myeloma bone disease. These clinical applications 
inspired the therapeutic exploration of sclerostin in 
clinical fields other than bone. In recent years, with the 
positive sclerostin expression detected in oral tissues and 
cells, its function in dentistry has gradually been explored 
and recognized.

In conclusion, sclerostin regulates hard tissue forma-
tion and inflammatory diseases in the oral cavity. As a 
bone-modifying regulator, sclerostin is an inhibitor of 
alveolar bone mass by regulating the balance of anabo-
lism and catabolism, proceeding to affect the progress 
of periodontitis and bone-implant osseointegration. For 
bone-like tissue, sclerostin plays a similar negative role in 
dentin formation and cementum regeneration, regulating 
pulp/dentin regeneration after pulp extirpation and root 
resorption during orthodontic treatment. As an inflam-
matory regulator, sclerostin may exert pro-inflammatory 
effects in oral inflammatory diseases, and its expression 
level has the potential to become a diagnostic biomarker 
of gingivitis, periodontitis, pulpitis and peri-implanti-
tis. However, some of existing research progress only 
provides preliminary proof via in  vitro experiments or 
human source sample detection. More convincing in vivo 
evidence and related mechanistic investigation are 
required.

Future research works on sclerostin in the oral and 
dental fields may focus on the following aspects: (1) 
enamel is another bone-like tissue of tooth and is 
crucial for tooth defense, therefore, the research gap of 
the effects of sclerostin on enamel formation should be 
filled; (2) tissue engineering and regenerative medicine 
based on stem cell transplantation have become frontier 
research topics in recent years; the effects of sclerostin on 
a variety of stem cell types in oral tissues (such as DPSCs, 
PDLCs, dental follicle stem cells, stem cells from apical 
papilla, etc.) should be further improved and supplied 
for promoting the development of regenerative dentistry; 
(3) most rodent experiments about Scl-Ab and alveolar 
bone used systemic administration by subcutaneous 
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injection, but the effects of Scl-Ab on whole-body bone 
were barely mentioned; among these previous studies, 
one study compared systemic and local administration of 
Scl-Ab and found local delivery had no healing role on 
alveolar bone defect [66]; hence, before the application 
of Scl-Ab in oral and dental clinical treatment, the mode 
of administration and its systemic influence should 
be further studied; (4) clinical trials of romosozumab 
showed increased potential cardiovascular risk [122, 
123], and sclerostin level is related to chronic kidney 
disease [124, 125]; thus, in future studies about sclerostin 
and oral diseases, more attention should be paid to the 
relationship with general systemic disease.

Teeth play vital roles in life. Although the underly-
ing mechanisms of sclerostin in the oral cavity have not 
been fully elucidated, its functions on the metabolism 
of alveolar bone, dentin and cementum along with its 
oral inflammation regulation have become increasingly 
apparent. Sclerostin inhibition in particular effector 
cells through Scl-Ab administration has the potential to 
become a therapeutic target for dental indications such 
as periodontitis, pulpitis, orthodontic complications, 
and dental implantation, among others. Further research 
for complete understanding of sclerostin’s biology and 
pathophysiology has broad prospection and essential 
clinical significance.

Abbreviations
BMP: Bone morphogenetic protein; DAN: Differential screening-selected gene 
aberrative in neuroblastoma; DPSC: Dental pulp stem cell; OPG: Osteoprote-
gerin; OTM: Orthodontic tooth movement; PDLC: Periodontal ligament cell; 
RANKL: Receptor activator of nuclear factor-kappaB ligand; Scl-Ab: Sclerostin-
neutralizing antibody.

Acknowledgements
Not applicable.

Authors’ contributions 
CL and SL contributed to the conception of the manuscript. CL and XL wrote 
the manuscript. SL, YW and TZ helped in revising the manuscript. All authors 
read and approved the final manuscript. 

Funding 
This work was supported by the Fundamental Research Funds for the Central 
Universities (No. 21621037). 

Availability of data and materials 
Not applicable. 

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
All authors contributed to and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Author details
1 School of Stomatology, Jinan University, Guangzhou, China. 2 Clinical 
Research Platform for Interdiscipline of Stomatology, Jinan University, Guang-
zhou, China. 3 Department of Stomatology Medical Center, The First Affiliated 
Hospital of Jinan University, Guangzhou, China. 4 The State Key Laboratory 
Breeding Base of Basic Science of Stomatology (Hubei‑MOST) & Key Labora-
tory of Oral Biomedicine Ministry of Education, School & Hospital of Stoma-
tology, Wuhan University, Wuhan, China. 5 Department of Prosthodontics, 
Hospital of Stomatology, Wuhan University, Wuhan, China. 

Received: 28 February 2022   Accepted: 28 April 2022

References
	 1.	 Van Hul W, Balemans W, Van Hul E, Dikkers FG, Obee H, Stokroos RJ, 

et al. Van buchem disease (hyperostosis corticalis generalisata) maps to 
chromosome 17q12-q21. Am J Hum Genet. 1998;62(2):391–9.

	 2.	 Balemans W, Van Den Ende J, Paes-Alves AF, Dikkers FG, Willems PJ, 
Vanhoenacker F, et al. Localization of the gene for sclerosteosis to the 
van buchem disease–gene region on chromosome 17q12–q21. Am J 
Hum Genet. 1999;64(6):1661–9.

	 3.	 Li X, Ominsky MS, Niu Q, Sun N, Daugherty B, D’Agostin D, et al. 
Targeted deletion of the sclerostin gene in mice results in increased 
bone formation and bone strength. J Bone Miner Res. 2008;23(6):860–9.

	 4.	 Sutherland MK, Geoghegan JC, Yu C, Turcott E, Skonier JE, Winkler DG, 
et al. Sclerostin promotes the apoptosis of human osteoblastic cells: a 
novel regulation of bone formation. Bone. 2004;35(4):828–35.

	 5.	 Maré AD, D’Haese PC, Verhulst A. The role of sclerostin in bone and 
ectopic calcification. Int J Mol Sci. 2020;21(9):3199.

	 6.	 Sun M, Chen Z, Wu X, Yu Y, Wang L, Lu A, et al. The roles of sclerostin in 
immune system and the applications of aptamers in immune-related 
research. Front Immunol. 2021;12(164): 602330.

	 7.	 Markham A. Romosozumab: first global approval. Drugs. 
2019;79(4):471–6.

	 8.	 Brunkow ME, Gardner JC, Van Ness J, Paeper BW, Kovacevich BR, Proll 
S, et al. Bone dysplasia sclerosteosis results from loss of the sost gene 
product, a novel cystine knot–containing protein. Am J Hum Genet. 
2001;68(3):577–89.

	 9.	 Balemans W, Ebeling M, Patel N, Van Hul E, Olson P, Dioszegi M, et al. 
Increased bone density in sclerosteosis is due to the deficiency of a 
novel secreted protein (sost). Hum Mol Genet. 2001;10(5):537–44.

	 10.	 Kim CA, Honjo R, Bertola D, Albano L, Oliveira L, Jales S, et al. A known 
sost gene mutation causes sclerosteosis in a familial and an isolated 
case from brazilian origin. Genet Test. 2008;12(4):475–9.

	 11.	 Piters E, Culha C, Moester M, Van Bezooijen R, Adriaensen D, Mueller T, 
et al. First missense mutation in the sost gene causing sclerosteosis by 
loss of sclerostin function. Hum Mutat. 2010;31(7):E1526–43.

	 12.	 Balemans W, Patel N, Ebeling M, Van Hul E, Wuyts W, Lacza C, et al. 
Identification of a 52 kb deletion downstream of the sost gene in 
patients with van buchem disease. J Med Genet. 2002;39(2):91–7.

	 13.	 Staehling-Hampton K, Proll S, Paeper BW, Zhao L, Charmley P, Brown A, 
et al. A 52-kb deletion in the sost-meox1 intergenic region on 17q12-
q21 is associated with van buchem disease in the dutch population. 
Am J Med Genet. 2002;110(2):144–52.

	 14.	 Lin C, Jiang X, Dai Z, Guo X, Weng T, Wang J, et al. Sclerostin mediates 
bone response to mechanical unloading through antagonizing wnt/
beta-catenin signaling. J Bone Miner Res. 2009;24(10):1651–61.

	 15.	 Robling A, Niziolek P, Baldridge L, Condon K, Allen M, Alam I, et al. 
Mechanical stimulation of bone in vivo reduces osteocyte expression of 
sost/sclerostin. J Biol Chem. 2008;283(9):5866–75.

	 16.	 Silvestrini G, Ballanti P, Leopizzi M, Sebastiani M, Berni S, Di Vito M, et al. 
Effects of intermittent parathyroid hormone (pth) administration on 
sost mrna and protein in rat bone. J Mol Histol. 2007;38(4):261–9.

	 17.	 Genetos DC, Toupadakis CA, Raheja LF, Wong A, Papanicolaou SE, Fyhrie 
DP, et al. Hypoxia decreases sclerostin expression and increases wnt 
signaling in osteoblasts. J Cell Biochem. 2010;110(2):457–67.

	 18.	 Winkler DG, Sutherland MK, Geoghegan JC, Yu C, Hayes T, Skonier JE, 
et al. Osteocyte control of bone formation via sclerostin, a novel bmp 
antagonist. Embo J. 2003;22(23):6267–76.



Page 11 of 13Liao et al. Journal of Translational Medicine          (2022) 20:221 	

	 19.	 van Bezooijen RL, Svensson JP, Eefting D, Visser A, van der Horst G, 
Karperien M, et al. Wnt but not bmp signaling is involved in the 
inhibitory action of sclerostin on bmp-stimulated bone formation. J 
Bone Miner Res. 2007;22(1):19–28.

	 20.	 van Bezooijen RL, Roelen BAJ, Visser A, van der Wee-Pals L, de Wilt 
E, Karperien M, et al. Sclerostin is an osteocyte-expressed negative 
regulator of bone formation, but not a classical bmp antagonist. J Exp 
Med. 2004;199(6):805–14.

	 21.	 Rhee Y, Allen MR, Condon K, Lezcano V, Ronda AC, Galli C, et al. Pth 
receptor signaling in osteocytes governs periosteal bone formation 
and intracortical remodeling. J Bone Miner Res. 2011;26(5):1035–46.

	 22.	 Kusu N, Laurikkala J, Imanishi M, Usui H, Konishi M, Miyake A, et al. 
Sclerostin is a novel secreted osteoclast-derived bone morphogenetic 
protein antagonist with unique ligand specificity. J Biol Chem. 
2003;278(26):24113–7.

	 23.	 Semenov M, Tamai K, He X. Sost is a ligand for lrp5/lrp6 and a wnt 
signaling inhibitor. J Biol Chem. 2005;280(29):26770–5.

	 24.	 Lim K-E, Bullock WA, Horan DJ, Williams BO, Warman ML, Robling AG. 
Co-deletion of lrp5 and lrp6 in the skeleton severely diminishes bone 
gain from sclerostin antibody administration. Bone. 2021;143: 115708.

	 25.	 Wijenayaka AR, Kogawa M, Lim HP, Bonewald LF, Findlay DM, Atkins GJ. 
Sclerostin stimulates osteocyte support of osteoclast activity by a rankl-
dependent pathway. PLoS ONE. 2011;6(10): e25900.

	 26.	 Lewiecki EM, Blicharski T, Goemaere S, Lippuner K, Meisner PD, Miller 
PD, et al. A phase III randomized placebo-controlled trial to evaluate 
efficacy and safety of romosozumab in men with osteoporosis. J Clin 
Endocrinol Metab. 2018;103(9):3183–93.

	 27.	 McClung MR, Brown JP, Diez-Perez A, Resch H, Caminis J, Meisner P, 
et al. Effects of 24 months of treatment with romosozumab followed by 
12 months of denosumab or placebo in postmenopausal women with 
low bone mineral density: a randomized, double-blind, phase 2, parallel 
group study. J Bone Miner Res. 2018;33(8):1397–406.

	 28.	 Nealy KL, Harris KB. Romosozumab: a novel injectable sclerostin 
inhibitor with anabolic and antiresorptive effects for osteoporosis. Ann 
Pharmacother. 2021;55(5):677–86.

	 29.	 Toscani D, Bolzoni M, Ferretti M, Palumbo C, Giuliani N. Role of 
osteocytes in myeloma bone disease: anti-sclerostin antibody as new 
therapeutic strategy. Front Immunol. 2018;9:2467.

	 30.	 Stephen L, Hamersma H, Gardner J, Beighton P. Dental and oral 
manifestations of sclerosteosis. Int Dent J. 2001;51(4):287–90.

	 31.	 Balemans W, Cleiren E, Siebers U, Horst J, Van Hul W. A generalized 
skeletal hyperostosis in two siblings caused by a novel mutation in the 
sost gene. Bone. 2005;36(6):943–7.

	 32.	 Balli U, Aydogdu A, Dede FO, Turer CC, Guven B. Gingival crevicular fluid 
levels of sclerostin, osteoprotegerin, and receptor activator of nuclear 
factor-κb ligand in periodontitis. J Periodontol. 2015;86(12):1396–404.

	 33.	 Chatzopoulos GS, Costalonga M, Mansky KC, Wolff LF. Wnt-5a and 
sost levels in gingival crevicular fluid depend on the inflammatory 
and osteoclastogenic activities of periodontal tissues. Medicina. 
2021;57(8):788.

	 34.	 Yakar N, Guncu GN, Akman AC, Pınar A, Karabulut E, Nohutcu RM. 
Evaluation of gingival crevicular fluid and peri-implant crevicular fluid 
levels of sclerostin, tweak, rankl and opg. Cytokine. 2019;113:433–9.

	 35.	 Isler SC, Soysal F, Akca G, Bakirarar B, Ozcan G, Unsal B. The effects of 
decontamination methods of dental implant surface on cytokine 
expression analysis in the reconstructive surgical treatment of peri-
implantitis. Odontology. 2021;109(1):103–13.

	 36.	 Gur AT, Guncu GN, Akman AC, Pinar A, Karabulut E, Nohutcu RM. 
Evaluation of gcf il-17, il-10, tweak, and sclerostin levels after scaling 
and root planing and adjunctive use of diode laser application in 
patients with periodontitis. J Periodontol. 2021. https://​doi.​org/​10.​1002/​
JPER.​21-​0494.

	 37.	 Napimoga MH, Nametala C, da Silva FL, Miranda TS, Bossonaro JP, 
Demasi APD, et al. Involvement of the wnt-β-catenin signalling 
antagonists, sclerostin and dickkopf-related protein 1, in chronic 
periodontitis. J Clin Periodontol. 2014;41(6):550–7.

	 38.	 Sankardas PA, Lavu V, Lakakula BV, Rao SR. Differential expression 
of periostin, sclerostin, receptor activator of nuclear factor-κb, and 
receptor activator of nuclear factor-κb ligand genes in severe chronic 
periodontitis. J Investig Clin Dent. 2019;10(1): e12369.

	 39.	 Jäger A, Götz W, Lossdörfer S, Rath-Deschner B. Localization of sost/
sclerostin in cementocytes in vivo and in mineralizing periodontal 
ligament cells in vitro. J Periodontal Res. 2010;45(2):246–54.

	 40.	 Manokawinchoke J, Limjeerajarus N, Limjeerajarus C, Sastravaha 
P, Everts V, Pavasant P. Mechanical force-induced tgfb1 increases 
expression of sost/postn by hpdl cells. J Dent Res. 2015;94(7):983–9.

	 41.	 Ueda M, Goto T, Kuroishi KN, Gunjigake KK, Ikeda E, Kataoka S, et al. 
Asporin in compressed periodontal ligament cells inhibits bone 
formation. Arch Oral Biol. 2016;62:86–92.

	 42.	 Nishiyama Y, Matsumoto T, Lee J, Saitou T, Imamura T, Moriyama K, 
et al. Changes in the spatial distribution of sclerostin in the osteocytic 
lacuno-canalicular system in alveolar bone due to orthodontic forces, 
as detected on multimodal confocal fluorescence imaging analyses. 
Arch Oral Biol. 2015;60(1):45–54.

	 43.	 Kim J-H, Kim AR, Choi YH, Kim A, Sohn Y, Woo G-H, et al. Intermittent 
pth administration improves alveolar bone formation in type 1 diabetic 
rats with periodontitis. J Transl Med. 2018;16(1):70.

	 44.	 Men Y, Wang Y, Yi Y, Jing D, Luo W, Shen B, et al. Gli1+ periodontium 
stem cells are regulated by osteocytes and occlusal force. Dev Cell. 
2020. https://​doi.​org/​10.​1016/j.​devcel.​2020.​06.​006.

	 45.	 Naka T, Yokose S. Spatiotemporal expression of sclerostin in 
odontoblasts during embryonic mouse tooth morphogenesis. J Endod. 
2011;37(3):340–5.

	 46.	 Odagaki N, Ishihara Y, Wang Z, Ei Hsu Hlaing E, Nakamura M, Hoshijima 
M, et al. Role of osteocyte-pdl crosstalk in tooth movement via sost/
sclerostin. J Dent Res. 2018;97(12):1374–82.

	 47.	 Yadav S, Assefnia A, Gupta H, Vishwanath M, Kalajzic Z, Allareddy V, et al. 
The effect of low-frequency mechanical vibration on retention in an 
orthodontic relapse model. Eur J Orthodont. 2016;38(1):44–50.

	 48.	 Shu R, Bai D, Sheu T, He Y, Yang X, Xue C, et al. Sclerostin promotes bone 
remodeling in the process of tooth movement. PLoS ONE. 2017;12(1): 
e0167312.

	 49.	 Liu M, Kurimoto P, Zhang J, Niu Q, Stolina M, Dechow P, et al. 
Sclerostin and dkk1 inhibition preserves and augments alveolar bone 
volume and architecture in rats with alveolar bone loss. J Dent Res. 
2018;97(9):1031–8.

	 50.	 Kim J, Lee D, Woo G, Cha J, Bak E, Yoo Y. Osteocytic sclerostin expression 
in alveolar bone in rats with diabetes mellitus and ligature-induced 
periodontitis. J Periodontol. 2015;86(8):1005–11.

	 51.	 Kim J, Lee D, Cha J, Bak E, Yoo Y. Receptor activator of nuclear factor-κb 
ligand and sclerostin expression in osteocytes of alveolar bone in rats 
with ligature-induced periodontitis. J Periodontol. 2014;85(11):e370–8.

	 52.	 Liao C, Ou Y, Wu Y, Zhou Y, Liang S, Wang Y. Sclerostin inhibits 
odontogenic differentiation of human pulp-derived odontoblast-like 
cells under mechanical stress. J Cell Physiol. 2019;234(11):20779–89.

	 53.	 Ou Y, Zhou Y, Liang S, Wang Y. Sclerostin promotes human dental pulp 
cells senescence. PeerJ. 2018;6: e5808.

	 54.	 Amri N, Djole S, Petit S, Babajko S, Coudert A, Castaneda B, 
et al. Distorted patterns of dentinogenesis and eruption in 
msx2 null mutants: involvement of sost/sclerostin. Am J Pathol. 
2016;186(10):2577–87.

	 55.	 Liao C, Wang Y, Ou Y, Wu Y, Zhou Y, Liang S. Effects of sclerostin on 
lipopolysaccharide-induced inflammatory phenotype in human 
odontoblasts and dental pulp cells. Int J Biochem Cell Biol. 2019;117: 
105628.

	 56.	 Collignon A, Amri N, Lesieur J, Sadoine J, Ribes S, Menashi S, et al. 
Sclerostin deficiency promotes reparative dentinogenesis. J Dent Res. 
2017;96(7):815–21.

	 57.	 Janjić K, Samiei M, Moritz A, Agis H. The influence of pro-inflammatory 
factors on sclerostin and dickkopf-1 production in human dental pulp 
cells under hypoxic conditions. Front Bioeng Biotechnol. 2019;7:430.

	 58	 Almeida ABD, Santos EJLD, Abuna GF, Ribeiro CS, Casati MZ, Ruiz KGS, 
et al. Isolation and characterization of a human cementocyte-like cell 
line, hcy-23. Braz Oral Res. 2019;33:e058.

	 59.	 Lehnen SD, Götz W, Baxmann M, Jäger A. Immunohistochemical 
evidence for sclerostin during cementogenesis in mice. Ann Anat. 
2012;194(5):415–21.

	 60.	 Zhao N, Nociti FH, Duan P, Prideaux M, Zhao H, Foster BL, et al. Isolation 
and functional analysis of an immortalized murine cementocyte cell 
line, idg-cm6. J Bone Miner Res. 2016;31(2):430–42.

https://doi.org/10.1002/JPER.21-0494
https://doi.org/10.1002/JPER.21-0494
https://doi.org/10.1016/j.devcel.2020.06.006


Page 12 of 13Liao et al. Journal of Translational Medicine          (2022) 20:221 

	 61.	 Klein-Nulend J, Bacabac R, Bakker A. Mechanical loading and how it 
affects bone cells: the role of the osteocyte cytoskeleton in maintaining 
our skeleton. Eur Cell Mater. 2012;24(2):279–91.

	 62.	 Du Y, Zhang L, Wang Z, Zhao X, Zou J. Endocrine regulation of extra-
skeletal organs by bone-derived secreted protein and the effect of 
mechanical stimulation. Front Cell Dev Biol. 2021. https://​doi.​org/​10.​
3389/​fcell.​2021.​778015.

	 63.	 Klein-Nulend J, Bakker AD, Bacabac RG, Vatsa A, Weinbaum 
S. Mechanosensation and transduction in osteocytes. Bone. 
2013;54(2):182–90.

	 64.	 Gaudio A, Pennisi P, Bratengeier C, Torrisi V, Lindner B, Mangiafico RA, 
et al. Increased sclerostin serum levels associated with bone formation 
and resorption markers in patients with immobilization-induced bone 
loss. J Clin Endocr Metab. 2010;95(5):2248–53.

	 65.	 Kuchler U, Schwarze UY, Dobsak T, Heimel P, Bosshardt DD, Kneissel M, 
et al. Dental and periodontal phenotype in sclerostin knockout mice. 
Int J Oral Sci. 2014;6(2):70–6.

	 66.	 Yao Y, Kauffmann F, Maekawa S, Sarment LV, Sugai JV, Schmiedeler CA, 
et al. Sclerostin antibody stimulates periodontal regeneration in large 
alveolar bone defects. Sci Rep. 2020;10(1):16217.

	 67.	 Jeffcoat MK. Bone loss in the oral cavity. J Bone Miner Res. 
1993;8(S2):S467–73.

	 68.	 Tan WL, Wong TL, Wong MC, Lang NP. A systematic review of post-
extractional alveolar hard and soft tissue dimensional changes in 
humans. Clin Oral Implan Res. 2012;23(Suppl 5):1–21.

	 69.	 Kitaura H, Kimura K, Ishida M, Sugisawa H, Kohara H, Yoshimatsu M, et al. 
Effect of cytokines on osteoclast formation and bone resorption during 
mechanical force loading of the periodontal membrane. Sci World J. 
2014;2014: 617032.

	 70.	 Seo B, Miura M, Gronthos S, Bartold P, Batouli S, Brahim J, et al. 
Investigation of multipotent postnatal stem cells from human 
periodontal ligament. Lancet. 2004;364(9429):149–55.

	 71.	 Liu M, Dai J, Lin Y, Yang L, Dong H, Li Y, et al. Effect of the cyclic stretch 
on the expression of osteogenesis genes in human periodontal 
ligament cells. Gene. 2012;491(2):187–93.

	 72.	 Ren D, Wei F, Hu L, Yang S, Wang C, Yuan X. Phosphorylation of runx2, 
induced by cyclic mechanical tension via erk1/2 pathway, contributes 
to osteodifferentiation of human periodontal ligament fibroblasts. J Cell 
Physiol. 2015;230(10):2426–36.

	 73.	 Tang N, Zhao Z, Zhang L, Yu Q, Li J, Xu Z, et al. Up-regulated 
osteogenic transcription factors during early response of human 
periodontal ligament stem cells to cyclic tensile strain. Arch Med Sci. 
2012;8(3):422–30.

	 74.	 Zhao Y, Wang C, Li S, Song H, Wei F, Pan K, et al. Expression of osterix in 
mechanical stress-induced osteogenic differentiation of periodontal 
ligament cells in vitro. Eur J Oral Sci. 2008;116(3):199–206.

	 75	 Ei Hsu Hlaing E, Ishihara Y, Odagaki N, Wang Z, Ikegame M, Kamioka 
H. The expression and regulation of wnt1 in tooth movement-
initiated mechanotransduction. Am J Orthod Dentofacial Orthop. 
2020;158(6):e151-60.

	 76.	 Lundgren T, Linde A. Voltage-gated calcium channels and nonvoltage-
gated calcium uptake pathways in the rat incisor odontoblast plasma 
membrane. Calcif Tissue Int. 1997;60(1):79–85.

	 77.	 Lundquist P. Odontoblast phosphate and calcium transport in 
dentinogenesis. Swed Dent J Suppl. 2002;154:1–52.

	 78.	 Liu Q, Ma N, Zhu Q, Duan X, Shi H, Xiang D, et al. Dentin 
sialophosphoprotein deletion leads to femoral head cartilage 
attenuation and subchondral bone ill-mineralization. J Histochem 
Cytochem. 2020;68(10):703–18.

	 79.	 Magloire H, Romeas A, Melin M, Couble M, Bleicher F, Farges J. 
Molecular regulation of odontoblast activity under dentin injury. Adv 
Dent Res. 2001;15(1):46–50.

	 80.	 Mitsiadis T, Rahiotis C. Parallels between tooth development and repair: 
conserved molecular mechanisms following carious and dental injury. J 
Dent Res. 2004;83(12):896–902.

	 81.	 Karan K, Yao X, Xu C, Wang Y. Chemical profile of the dentin substrate in 
non-carious cervical lesions. Dent Mater. 2009;25(10):1205–12.

	 82.	 Yagi T, Suga S. Sem investigations on the human sclerosed dentinal 
tubules. Shigaku. 1990;78(2):313–37.

	 83.	 Bartlett D, Shah P. A critical review of non-carious cervical (wear) 
lesions and the role of abfraction, erosion, and abrasion. J Dent Res. 
2006;85(4):306–12.

	 84.	 Bergstrom J, Eliasson S. Cervical abrasion in relation to toothbrushing 
and periodontal health. Scand J Dent Res. 1988;96(5):405–11.

	 85.	 Tanaka M, Naito T, Yokota M, Kohno M. Finite element analysis of the 
possible mechanism of cervical lesion formation by occlusal force. J 
Oral Rehabil. 2003;30(1):60–7.

	 86.	 van Bezooijen R, Bronckers A, Gortzak R, Hogendoorn P, Van der Wee-
Pals L, Balemans W, et al. Sclerostin in mineralized matrices and van 
buchem disease. J Dent Res. 2009;88(6):569–74.

	 87.	 Iglesias-Linares A, Hartsfield JK. Cellular and molecular pathways 
leading to external root resorption. J Dent Res. 2017;96(2):145–52.

	 88.	 Bao X, Liu Y, Han G, Zuo Z, Hu M. The effect on proliferation and 
differentiation of cementoblast by using sclerostin as inhibitor. Int J Mol 
Sci. 2013;14(10):21140–52.

	 89.	 Bao X, Liu X, Zhang Y, Cui Y, Yao J, Hu M. Strontium promotes 
cementoblasts differentiation through inhibiting sclerostin expression 
in vitro. Biomed Res Int. 2014;2014: 487535.

	 90.	 Wei T, Xie Y, Wen X, Zhao N, Shen G. Establishment of three-dimensional 
cementocyte differentiation scaffolds to study orthodontic root 
resorption. Exp Ther Med. 2020;20(4):3174–84.

	 91.	 Bai S, Chen Y, Dai H, Huang L. Effect of sclerostin on the functions and 
related mechanisms of cementoblasts under mechanical stress. Hua Xi 
Kou Qiang Yi Xue Za Zhi. 2019;37(2):162–7.

	 92.	 Durand SH, Flacher V, Roméas A, Carrouel F, Colomb E, Vincent C, et al. 
Lipoteichoic acid increases tlr and functional chemokine expression 
while reducing dentin formation in in vitro differentiated human 
odontoblasts. J Immunol. 2006;176(5):2880–7.

	 93.	 Farges JC, Carrouel F, Keller JF, Baudouin C, Msika P, Bleicher F, et al. 
Cytokine production by human odontoblast-like cells upon toll-like 
receptor-2 engagement. Immunobiology. 2011;216(4):513–7.

	 94	 Abdalla R, Mitchell RJ, Fang Ren Y. Non-carious cervical lesions imaged 
by focus variation microscopy. J Dent. 2017;63:14–20.

	 95.	 Téclès O, Laurent P, Zygouritsas S, Burger A, Camps J, Dejou J, et al. 
Activation of human dental pulp progenitor/stem cells in response to 
odontoblast injury. Arch Oral Biol. 2005;50(2):103–8.

	 96.	 Sloan A, Smith A. Stem cells and the dental pulp: Potential roles in 
dentine regeneration and repair. Oral Dis. 2007;13(2):151–7.

	 97.	 Chen X, Baum W, Dwyer D, Stock M, Schwabe K, Ke H, et al. Sclerostin 
inhibition reverses systemic, periarticular and local bone loss in arthritis. 
Ann Rheum Dis. 2013;72(10):1732–6.

	 98.	 Eddleston A, Marenzana M, Moore AR, Stephens P, Muzylak M, 
Marshall D, et al. A short treatment with an antibody to sclerostin can 
inhibit bone loss in an ongoing model of colitis. J Bone Miner Res. 
2009;24(10):1662–71.

	 99.	 Marenzana M, Vugler A, Moore A, Robinson M. Effect of sclerostin-
neutralising antibody on periarticular and systemic bone in a murine 
model of rheumatoid arthritis: a microct study. Arthritis Res Ther. 
2013;15(5):R125.

	100.	 Feng X, Feng G, Xing J, Shen B, Tan W, Huang D, et al. Repeated 
lipopolysaccharide stimulation promotes cellular senescence in human 
dental pulp stem cells (dpscs). Cell Tissue Res. 2014;356(2):369–80.

	101.	 Mei C, Zheng F. Chronic inflammation potentiates kidney aging. Semin 
Nephrol. 2009;29(6):555–68.

	102.	 Iezzi I, Pagella P, Mattioli-Belmonte M, Mitsiadis TA. The effects of ageing 
on dental pulp stem cells, the tooth longevity elixir. Eur Cell Mater. 
2019;37:175–85.

	103.	 Maeda H. Aging and senescence of dental pulp and hard tissues of the 
tooth. Front Cell Dev Biol. 2020;8: 605996.

	104.	 Mödder UI, Hoey KA, Amin S, McCready LK, Achenbach SJ, Riggs BL, 
et al. Relation of age, gender, and bone mass to circulating sclerostin 
levels in women and men. J Bone Miner Res. 2011;26(2):373–9.

	105.	 Roforth MM, Fujita K, McGregor UI, Kirmani S, McCready LK, Peterson 
JM, et al. Effects of age on bone mrna levels of sclerostin and other 
genes relevant to bone metabolism in humans. Bone. 2014;59:1–6.

	106.	 Wehmeyer C, Frank S, Beckmann D, Böttcher M, Cromme C, König U, 
et al. Sclerostin inhibition promotes tnf-dependent inflammatory joint 
destruction. Sci Transl Med. 2016;8(330):330ra35.

	107.	 Huang X, Xie M, Xie Y, Mei F, Lu X, Li X, et al. The roles of osteocytes in 
alveolar bone destruction in periodontitis. J Transl Med. 2020;18(1):479.

https://doi.org/10.3389/fcell.2021.778015
https://doi.org/10.3389/fcell.2021.778015


Page 13 of 13Liao et al. Journal of Translational Medicine          (2022) 20:221 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	108.	 Korah L, Amri N, Bugueno IM, Hotton D, Tenenbaum H, Huck O, et al. 
Experimental periodontitis in msx2 mutant mice induces alveolar bone 
necrosis. J Periodontol. 2020;91(5):693–704.

	109.	 Taut AD, Jin Q, Chung J, Galindo-Moreno P, Yi ES, Sugai JV, et al. 
Sclerostin antibody stimulates bone regeneration after experimental 
periodontitis. J Bone Miner Res. 2013;28(11):2347–56.

	110.	 Balli U, Keles ZP, Avci B, Guler S, Cetinkaya BO, Keles GC. Assessment of 
periostin levels in serum and gingival crevicular fluid of patients with 
periodontal disease. J Periodontal Res. 2015;50(6):707–13.

	111.	 Aral CA, Köseoğlu S, Sağlam M, Pekbağrıyanık T, Savran L. Gingival 
crevicular fluid and salivary periostin levels in non-smoker subjects with 
chronic and aggressive periodontitis : periostin levels in chronic and 
aggressive periodontitis. Inflammation. 2016;39(3):986–93.

	112.	 Ríos HF, Ma D, Xie Y, Giannobile WV, Bonewald L, Conway S, 
et al. Periostin is essential for the integrity and function of the 
periodontal ligament during occlusal loading in mice. J Periodontol. 
2008;79(8):1480–90.

	113.	 Ren Y, Han X, Ho SP, Harris SE, Cao Z, Economides AN, et al. Removal 
of sost or blocking its product sclerostin rescues defects in the 
periodontitis mouse model. Faseb J. 2015;29(7):2702–11.

	114.	 Virdi AS, Liu M, Sena K, Maletich J, McNulty M, Ke HZ, et al. Sclerostin 
antibody increases bone volume and enhances implant fixation in a rat 
model. J Bone Joint Surg Am. 2012;94(18):1670–80.

	115.	 Liu S, Virdi AS, Sena K, Sumner DR. Sclerostin antibody prevents 
particle-induced implant loosening by stimulating bone formation 
and inhibiting bone resorption in a rat model. Arthritis Rheum. 
2012;64(12):4012–20.

	116.	 Yu SH, Hao J, Fretwurst T, Liu M, Kostenuik P, Giannobile WV, et al. 
Sclerostin-neutralizing antibody enhances bone regeneration around 
oral implants. Tissue Eng Part A. 2018;24(21–22):1672–9.

	117.	 Maillard S, Sicard L, Andrique C, Torrens C, Lesieur J, Baroukh B, 
et al. Combining sclerostin neutralization with tissue engineering: 
an improved strategy for craniofacial bone repair. Acta Biomater. 
2022;140:178–89.

	118.	 Hu B, Li Y, Wang M, Zhu Y, Zhou Y, Sui B, et al. Functional reconstruction 
of critical-sized load-bearing bone defects using a sclerostin-targeting 
mir-210-3p-based construct to enhance osteogenic activity. Acta 
Biomater. 2018;76:275–82.

	119.	 Shu R, Ai D, Bai D, Song J, Zhao M, Han X. The effects of sost on implant 
osseointegration in ovariectomy osteoporotic mice. Arch Oral Biol. 
2017;74:82–91.

	120.	 Korn P, Kramer I, Schlottig F, Tödtmann N, Eckelt U, Bürki A, et al. 
Systemic sclerostin antibody treatment increases osseointegration and 
biomechanical competence of zoledronic-acid-coated dental implants 
in a rat osteoporosis model. Eur Cell Mater. 2019;37:333–46.

	121.	 Chen X, Moriyama Y, Takemura Y, Rokuta M, Ayukawa Y. Influence of 
osteoporosis and mechanical loading on bone around osseointegrated 
dental implants: a rodent study. J Mech Behav Biomed Mater. 2021;123: 
104771.

	122.	 Fixen C, Tunoa J. Romosozumab: a review of efficacy, safety, and 
cardiovascular risk. Curr Osteoporos Rep. 2021;19(1):15–22.

	123.	 Singh S, Dutta S, Khasbage S, Kumar T, Sachin J, Sharma J, et al. 
A systematic review and meta-analysis of efficacy and safety of 
romosozumab in postmenopausal osteoporosis. Osteoporos Int. 
2022;33(1):1–12.

	124	 Nakagawa Y, Komaba H, Hamano N, Tanaka H, Wada T, Ishida H, et al. 
Interrelationships between sclerostin, secondary hyperparathyroidism, 
and bone metabolism in patients on hemodialysis. J Clin Endocrinol 
Metab. 2022. https://​doi.​org/​10.​1210/​clinem/​dgab6​23.

	125.	 Brandenburg VM, Verhulst A, Babler A, D’Haese PC, Evenepoel P, Kaesler 
N. Sclerostin in chronic kidney disease-mineral bone disorder think first 
before you block it! Nephrol Dial Transplant. 2019;34(3):408–14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1210/clinem/dgab623

	Sclerostin is a promising therapeutic target for oral inflammation and regenerative dentistry
	Abstract 
	Background
	Sclerostin: a molecule that regulates bone metabolism
	Distribution of sclerostin in oral tissues and cells
	Role of sclerostin in oral hard tissues
	Sclerostin and alveolar bone remodeling under mechanical stress
	Sclerostin and dentinogenesis
	Sclerostin and cementogenesis

	Role of sclerostin in oral inflammation
	Sclerostin and pulp inflammation
	Sclerostin and periodontal disease

	Role of sclerostin in dental implantation
	Sclerostin and osseointegration
	Sclerostin and peri-implant diseases

	Conclusions and future perspectives
	Acknowledgements
	References




