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Abstract
Purpose of the Review  The purpose of this review is to summarize the role of the osteocyte in muscle atrophy in can-
cer patients, sarcopenia, spinal cord injury, Duchenne’s muscular dystrophy, and other conditions associated with muscle 
deterioration.
Recent Findings  One type of bone cell, the osteocyte, appears to play a major role in muscle and bone crosstalk, whether 
physiological or pathological. Osteocytes are cells living within the bone-mineralized matrix. These cells are connected to 
each other by means of dendrites to create an intricately connected network. The osteocyte network has been shown to respond 
to different types of stimuli such as mechanical unloading, immobilization, aging, and cancer by producing osteocytes-
derived factors. It is now becoming clear that some of these factors including sclerostin, RANKL, TGF-β, and TNF-α have 
detrimental effects on skeletal muscle.
Summary  Bone and muscle not only communicate mechanically but also biochemically. Osteocyte-derived factors appear 
to contribute to the pathogenesis of muscle disease and could be used as a cellular target for new therapeutic approaches.
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Introduction

The musculoskeletal system, primarily made up of bones, 
muscles, and joints to include cartilage, tendons, and liga-
ments, is essential for skeletal stability, movement, and 
metabolism. Both bone and skeletal muscle are versatile 
organs that interact with each other in both a mechanical and 
a biochemical manner to maintain not only musculoskeletal 
homeostasis but also overall health [1]. For skeletal integrity 
and homeostasis to be maintained, it is essential that the 

three bone cell types, osteoblasts, osteoclasts, and osteo-
cytes, interact in tandem and synergistically. Osteoblasts are 
bone-forming cells, prodigious producers of collagen, the 
scaffold for hydroxyapatite, and other proteins necessary for 
mineralization to occur [2], whereas osteoclasts are bone-
resorbing cells which function to remove this mineralized 
matrix [3]. Osteocytes, the most abundant and longest living 
cells, can regulate both osteoblast and osteoclast activities 
and when necessary act as osteoclasts to remove bone and 
bone matrix surrounding osteocyte cell bodies and dendrites 
and can act as osteoblasts to replace their surrounding bone 
matrix [4].

Osteocytes, comprising 90 to 95% of all bone cells 
in adult bone, are derived from terminally differentiated 
osteoblasts that become entombed within the bone matrix, 
occupying small chambers called lacunae. These cells 
form connections with other neighboring cells through 
dendrite-like processes in fluid-filled canals known as 
canaliculi. This lacuno-canalicular system is necessary 
and extensively used in cell-cell communication. In addi-
tion to communicating with each other, osteocytes are a 
major participant in bone-muscle crosstalk, utilizing both 
the lacuno-canalicular system and the bone vasculature 
[1, 4, 5].
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Osteocytes are the primary bone cells to respond to 
mechanical stimulation such as loading, in the form of fluid-
flow shear stress, and to unloading or the lack of shear stress 
[4]. They can sense changes in the mechanical environment 
and in the presence of loading release prostaglandin E2, 
PGE2, promoting bone formation [6] and in the absence of 
loading regulate osteoblast and osteoclast activities accord-
ingly via production of different factors including sclerostin 
(Sost), a negative regulator of bone formation and Recep-
tor activator of nuclear factor kappa β ligand (RANKL or 
Tnfsf11), a factor necessary for osteoclast formation and 
activation. Osteocytes can also function as immune cells, 
producing TNFa, IL-6, Il-1, and other cytokines [7].

RANKL is a type II membrane protein primarily pro-
duced by osteocytes [8–10]. The receptor of RANKL, 
RANK, is found on bone monocytes/macrophage osteo-
clast precursors. The RANK-RANKL interaction influences 
these precursors to fuse to become activated osteoclasts 
ready to resorb and remove bone. Osteoprotegerin (OPG or 
Tnfrsf11b), another member of the TNF family, is a decoy 
receptor for RANKL. OPG can bind to RANKL, thus pre-
venting RANKL-RANK interaction, consequently inhib-
iting osteoclastogenic activity and bone resorption. The 
amounts and ratios of RANKL, RANK, and OPG determine 
the degree of bone formation or resorption [9]. In addition, 
tumor necrosis factor-α (TNFα), interleukin-6 (IL-6), and 
M-CSF are additional major osteocyte-derived factors that 
can play a role in osteoclast differentiation [5]. One study 
showed that TNFα/IL-6 alone could generate osteoclasts 
in vitro independent of RANKL or RANK [11].

Sclerostin, a glycoprotein encoded by Sost, is mainly 
expressed by mature osteocytes [12]. It acts as an antago-
nist of the Wnt/β-catenin signaling pathway and inhibits 
osteoblastic bone formation [13]. Sclerostin production 
is influenced by mechanical stress and loading. Loading 
and anabolic stimuli such as parathyroid hormone (PTH) 
decrease sclerostin expression, which ultimately results in 
increased osteoblast-mediated bone formation [5]. Con-
versely, unloading induces an increase in both sclerostin 
and RANKL [5, 14]. In addition to playing a major role 
in bone, sclerostin may also affect muscle function. Con-
ditioned media from MLO‐Y4 osteocyte-like cell line can 
stimulate myogenic differentiation of C2C12 myoblasts, 
which can be inhibited by adding sclerostin [15].

In addition to mechanosensing, another important func-
tion of osteocytes is their ability to remove and replace 
the bone matrix surrounding their lacunae under calcium 
demanding conditions. Osteocyte removal of their perilacu-
nar matrix during pathologic conditions is termed osteocytic 
osteolysis. This phenomenon was proposed more than a cen-
tury ago [16], but could not be proven by subsequent studies 
[17, 18], primarily due to insufficient tools and technical 
advances. Recent years have seen an increase of interest in 

this osteocyte function, and studies are being performed to 
examine this function under both physiological conditions 
such as lactation [19, 20] and pathological conditions includ-
ing hyperparathyroidism and hypophosphatemic rickets 
[16, 21]. During lactation, a calcium demanding condition 
marked by significant bone loss, osteocytes express cath-
epsin K (CtsK), tartrate-resistant acid phosphatase (TRAP, 
gene Apc5), carbonic anhydrase 1 (Car 1), and other genes 
previously only associated with osteoclasts [19]. Osteocyte 
lacunar area increases with lactation [19]. With weaning, 
at the end of lactation, this bone loss is reversed, and bone 
mass returns to previous normal levels partially due to 
osteocyte lacunar size returning to normal through matrix 
replacement by the osteocyte, in a process called perilacunar 
remodeling [22]. Moreover, recent studies have determined 
a sex difference in the osteocyte transcriptome. The female 
osteocyte transcriptome diverges from the male transcrip-
tome at 4 weeks of age by elevating genes necessary for 
osteocytic perilacunar remodeling, most likely playing an 
essential role in delivering calcium to offspring, thereby 
essential for reproduction [23]. Therefore, osteocytes con-
tribute to calcium homeostasis regulation.

Osteocytes Communicating with Muscle 
Under Physiologic Conditions

Osteocyte-secreted factors not only work on the other bone 
cells but can travel via the lacuno-canalicular network and 
the vasculature to reach nearby and distant organs, including 
muscle. Osteocytes secrete various factors that play impor-
tant roles in myogenesis as well as muscle contraction, thus 
playing a vital role in bone-muscle crosstalk.

Studies have shown that conditioned media from osteo-
cytes (both primary osteocytes and osteocyte-like cell lines) 
can enhance differentiation of myoblasts, via the produc-
tion of Wnt3a [15] and PGE2 [24]. Wnt3a, an activator of 
β-catenin, can regulate intracellular Ca2+ signaling and 
thus trigger myogenesis and increase muscle contractility 
(9). A recent study conducted by Palla et al. has shown that 
in aging skeletal muscle tissue and with sarcopenia, the 
level of prostaglandin E2 degrading enzyme, 15-PGDH, is 
increased, indicating a critical role of PGE2 in myogenesis 
[25]. Mice with global deletion of 15-PGDH retained signifi-
cant muscle mass with aging. However, it has not yet been 
determined the source of the PGE2 that is affecting muscle 
mass, whether it is coming from osteocytes or is strictly an 
autocrine effect on muscle.

Osteocytes produce factors such as sclerostin or fibroblast 
growth factor 9, FGF9, that can inhibit or reduce myogen-
esis. Conditioned media from the MLO‐Y4 osteocyte-like 
cell line can stimulate myogenic differentiation of C2C12 
myoblasts, which is blocked by the addition of sclerostin 
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[15]. This indicates a negative role of sclerostin on muscle 
differentiation. A recent study has found correlation between 
serum sclerostin and age, body fat, muscle mass, training 
activity, and multiple muscle-derived factors [26]. Another 
study found a negative correlation between serum sclerostin 
levels and skeletal muscle mass regardless of bone mineral 
content (BMC) and total body fat mass [27]. Unlike studies 
using MLO-Y4 and IDG-SW3 osteocyte cells and primary 
osteocytes [15], one study found that the Ocy454 osteocyte 
cell line subjected to fluid flow shear stress, produced con-
ditioned media that decreased C2C12 differentiation due to 
a reduction in expression of both myogenic regulatory genes 
and cytokines involved in myogenesis [28]. The reason for 
this discrepancy is not clear but could be based on magni-
tude of stress, culture conditions, and other variables.

Osteocytes and Sarcopenia

Sarcopenia is defined as a geriatric condition characterized 
by the progressive loss of skeletal muscle mass and func-
tion [29] that is frequently associated with the presence of 
osteoporosis. Changes in body composition that occur dur-
ing aging, such as the visceral or intramuscular increase of 
fat mass can make the diagnosis of sarcopenia difficult, a 
condition called “sarcopenic obesity” [30]. Related to sar-
copenic obesity, “osteopenic obesity” is characterized by 
increased adiposity that results in increased bone loss [31]. 
It is unclear if muscle and bone decline simultaneously dur-
ing aging or if sarcopenia precedes osteoporosis or vice 
versa and if these two processes have common causes and 
mechanisms. However, several lines of evidence suggest that 
osteocyte aging and muscle decline during aging are closely 
interconnected. Aged bone is characterized by a reduction in 
the number of osteocytes, their dendrites and their lacunae 
and canaliculi due to hypermineralization as well as by an 
increase in osteocyte cell death, which together increases 
bone brittleness and weakness [32, 33]. Moreover, several 
osteocyte-derived factors such as sclerostin and RANKL are 
increased with aging, potentially precipitating musculoskel-
etal decline.

Circulating levels of sclerostin markedly increase with 
age in both female and male subjects [34]. However, as the 
relationship between sclerostin levels and bone mass are 
clear in young animals, when low levels are associated with 
more bone, the relationship of sclerostin with muscle and 
aging is not clear. In three recent studies, serum levels of 
sclerostin were shown to be associated with changes in skel-
etal muscle mass with aging. Choi and co-workers described 
for the first time that high sclerostin levels were associated 
with reduced skeletal muscle mass independent of several 
factors such as age, sex, body mass index (BMI), and BMC 
[27]. In both males and females, elevated sclerostin had 

negative effects on lower appendicular skeletal muscle mass 
(ASM) and was associated with increased total body fat [27]. 
Another study analyzing a cohort of hemodialysis patients 
with diabetes reported a negative association between scle-
rostin levels and sarcopenia [35] where lower muscle mass 
index was associated with higher serum sclerostin levels in 
both diabetic and non-diabetic subjects [35]. In contrast, 
Ahn and co-workers showed that ASM and skeletal mus-
cle mass index (SKI) had a positive correlation with serum 
sclerostin levels in a population of older adult with sarcope-
nia [36] and along with the reduced muscle mass, reduced 
muscle weakness was also associated with lower sclerostin 
levels [36]. Sost null mice have increased bone mass at 8 
and 16 months of age, but only the older mice showed a 
tendency (p = 0.06) for an increase in total lean body mass 
[37]. However, in the same study, the authors showed that 
systemic hyperexpression of sclerostin by means of adeno-
virus infection with Sost is associated with a reduction of the 
lean body mass fraction in young mice [37]. These studies 
highlight the controversial role of osteocyte-derived scle-
rostin in muscle homeostasis during aging.

The RANKL-RANK-OPG triad is important not only 
for bone but also for muscle. Whereas osteocytes produce 
RANKL, skeletal muscle and fully differentiated myotubes 
express RANK receptor. The presence of RANK receptor 
in skeletal muscle indicates that this pathway could play a 
functional role in this tissue [38]. RANKL is increased in 
menopausal women and plays a critical role in driving bone 
loss that characterizes osteoporosis [39]. A recent study 
compared bone and skeletal muscle parameters in postmen-
opausal women affected by osteoporosis and treated with 
a bisphosphonate, a bone-targeting drug or treated with a 
neutralizing antibody targeting RANKL, called Denosumab 
[40]. Both treatments were able to improve spine areal bone 
mineral density when compared with the untreated group. 
However, only the Denosumab-treated group showed 
increased appendicular lean mass and handgrip strength 
[40]. This set of data shows that the beneficial effect of an 
osteoporosis treatment targeting RANKL on skeletal muscle 
is due to the blocking the RANK-RANKL signaling pathway 
in skeletal muscle.

Osteocytes, Muscle Wasting, and Cancer

The progressive loss of skeletal muscle mass associated 
with cancer burden is defined as cancer cachexia (CC) 
[41]. Skeletal muscle atrophy is the most relevant feature 
of this syndrome that negatively affects physical function 
and mobility as well as the efficacy of anticancer treatment 
and dramatically decreases quality of life and shortens sur-
vival [42]. However, many other organs and tissues are also 
affected and involved in the pathogenesis of CC making CC 
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a multifactorial and complex syndrome. Even though we 
know that muscle and bone share common precursors [43] 
and that they are closely linked by mechanical and biochemi-
cal interactions, their interactions with CC are far from being 
understood.

The first study that showed that bone could contribute to 
muscle alteration during CC was reported by Waning and 
collaborators. Using bone metastatic breast, lung, and pros-
tate cancer models, the authors showed that the release of 
transforming growth factor β (TGF-β) from bone affected 
by the metastatic cancer contributed to driving skeletal 
muscle atrophy and weakness [44]. Mechanistically, TGF-β 
increases oxidative stress levels in skeletal muscle, resulting 
in an altered intracellular Ca2+ signaling that initiates muscle 
decline [44]. It has also been shown that the levels of tumor-
derived Sclerostin are increased in a breast cancer model 
[45] and that treatment with an anti-sclerostin antibody not 
only reduced bone metastatic burden and preserved bone 
mass but also was able to improve skeletal muscle atrophy 
and weakness. Interestingly, the phosphorylation levels of 
NF-kB and p38, two important mediators of skeletal muscle 
decline associated with cancer, were reduced after anti-scle-
rostin antibody administration [45]. These data clearly indi-
cate that osteocyte-derived sclerostin could also be directly 
responsible of musculoskeletal deterioration. In contrast, 
in another study, plasma levels of sclerostin were found to 
be negatively correlated with the decline of weight loss in 
cachectic patients affected by pancreatic ductal adenocar-
cinoma [46].

Several studies have described trabecular and cortical bone 
loss in preclinical models of colorectal [47–49], lung [50], and 
ovarian [51] cancers even in the absence of bone metastasis. 
These non-bone metastatic models suggest that both tumor and 
host-derived factors can drive CC and could also be respon-
sible for bone loss. Little is known regarding the cellular and 
molecular mechanisms responsible for cachexia and bone loss 
in these cancer models. Recently our group described that the 
bone loss and muscle atrophy observed in three different mod-
els of CC, Colon-26 adenocarcinoma (C26), ES-2 ovarian can-
cer (ES-2), and Lewis lung carcinoma (LLC) are accompanied 
by dramatic changes in osteocyte viability and secreted factors 
[52]. An increase in osteocyte expression of tartrate resistant 
acid phosphatase 5 and Cathepsin K was observed along with 
increased lacunar size in femurs of the C26, ES-2 and LLC 
tumor-bearing mice clearly indicating that these tumors are 
inducing osteocytic osteolysis. In addition, TUNEL staining 
showed a dramatic increase in osteocyte cell death in all three 
models of CC. Using co-cultures of osteocytes with cancer 
cells, we were able to show that the osteocytic osteolysis and 
osteocyte cell death are directly induced by tumor-derived 
factors [52]. Our hypothesis is that tumor factors can induce 
the secretion of osteoclast activating RANKL by the dying 
osteocyte and can induce osteolytic osteolysis at the same time 

along with newly elevated secretion of inflammatory cytokines 
creating the perfect storm to cause both bone and muscle 
losses. The increased expression of TNF-α and RANKL by 
osteocytes in response to the cancer factors could directly lead 
to the skeletal muscle atrophy and weakness present in these 
models of CC [52].

The role of TNF-α in driving skeletal muscle deteriora-
tion during CC is well understood, but less is known about 
the role played by RANKL. Using the ES-2 CC model, 
we showed increased expression of Tnfsf11, the mRNA 
that codes for RANKL, in the bone of tumor-bearing mice 
compared to controls. The mechanism responsible for this 
upregulation could be the same as what we previously 
described [52], i.e., that tumor-derived factors stimulate 
the osteocytes to produce and release RANKL. Consistent 
with the bone mRNA data, the circulating levels of RANKL 
were increased in the ES-2 bearing mice. However, the high 
RANKL plasma levels were also due to RANKL production 
by the ES-2 ovarian cancer cells, but the ratio of bone to 
tumor RANKL is not known. In this study, we showed that 
RANKL is sufficient to induce skeletal muscle atrophy and 
weakness in vivo, and that treatment with a neutralizing anti-
body against RANKL improved muscle mass and strength 
in the ES-2 tumor-bearing mice. Transcriptomic analysis 
performed on myotube cultures exposed to recombinant 
RANKL clearly showed upregulation of inflammatory and 
pro-atrophic pathways [53].

Zoledronic acid, a bone-targeting bisphosphonate that 
prevents osteoclast activation and bone loss, was shown to 
reduce circulating RANKL levels and improve the cachectic 
phenotype in the ovarian cancer model [53]. The expression 
of Tnfsf11 in the bone of the ES-2 bearers was reduced by 
zoledronic acid administration suggesting that this bispho-
sphonate could target the osteocyte to normalize RANKL 
production, thus partially protecting against muscle loss.

These data suggest that in response to cancer, the bone 
and specifically the osteocytes acquire a pathologic pheno-
type characterized by the increased production of RANKL 
and TNF-α that can act on skeletal muscle contributing to 
the detrimental effects of CC. In some of the tumor models, 
the tumors can produce factors normally made by osteocytes 
such as sclerostin, TNF-α, and RANKL. This makes it dif-
ficult to discriminate between the osteocyte and the tumor 
contribution of these factors and highlight the complexity 
of the bone-muscle interaction in a setting of non-metastatic 
bone cancer (Fig. 1).

Osteocytes and Other Muscle Disorders

Spinal cord injury (SCI) is a traumatic event of the cen-
tral nervous system that can induce paralysis and severely 
affect quality of life. Patients affected by SCI have reduced 
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mobility that leads to several detrimental musculoskeletal 
conditions such as skeletal muscle atrophy and bone loss 
[54, 55].

Invernizzi and collaborators showed significantly lower 
levels of BMD and higher levels of circulating sclerostin in 
SCI patients compared to healthy controls [56]. Also, the 
levels of myostatin, a negative regulator of skeletal muscle 
mass, were higher in chronic SCI patients and positively 
correlated with levels of sclerostin [56]. This suggests that 
osteocyte crosstalk with muscle is potentially involved in 
the pathogenesis of SCI. In contrast, a recent study has 
shown that individuals with SCI have significantly lower 
levels of circulating sclerostin than healthy controls [57]. 
This could be because these patients have lower bone mass 
and therefore fewer osteocytes to produce sclerostin. Sev-
eral preclinical studies have shown that the administration 
of sclerostin-neutralizing antibody can improve bone loss 
after SCI. In particular, reduced bone loss and increased 
BMD as well as the maintenance of the osteocyte morphol-
ogy were described [58, 59]. A recent study aimed to under-
stand if sclerostin antibody treatment could protect against 
muscle wasting in SCI rats but could not show any effects 

on loss of soleus muscle mass [60]. This data suggests that 
there are also other mediators responsible for the muscle 
loss following SCI.

Duchenne muscular dystrophy (DMD) is an X-linked 
muscle disorder that occurs mainly in early childhood and 
leads to death in the late teens or early 20 s [61]. DMD 
patients develop progressive muscle weakness and reduced 
ambulatory movement that eventually leads to immobility 
and cardiovascular complications [61]. The inflammation 
that occurs in this condition is treated with corticosteroid, 
but when chronically administered, corticosteroids have dra-
matic negative effects on bone by reducing bone mass and 
increasing the risk of bone fracture [62].

A recent publication describes the musculoskeletal abnor-
malities associated with postnatal development of DMD 
using the dystrophin−/−/utrophin± murine model [63]. In 
this moue model, skeletal muscle changes appear before the 
first week of age and continue to persist during the course 
of the disease. Changes in bone do not appear until after 
muscle damage become more severe. The authors showed 
that after 4 weeks of age; the DMD mice have decreased 
numbers of osteocytes in association with reduced RANKL 
and increased sclerostin circulating levels [63]. These bone 
changes are then followed by osteopenia due to decreased 
osteoblastogenesis and increased osteoclastogenesis at 
6 weeks of age [63].

After this publication, interest in the role of RANKL in 
the pathogenesis of skeletal muscle disease and in particu-
lar for the musculoskeletal defects associated with muscu-
lar dystrophy was increased. Dufresne and collaborators 
showed that skeletal muscle and fully differentiated C2C12 
myotubes express RANK receptor and that muscle-specific 
RANK deletion in denervated fast-twitch EDL muscle 
decreased muscle mass, increased ratio of fast-twitch fibers, 
and modified sarco(endo)plasmic reticulum Ca (2+)-ATPase 
(SERCA) modulating Ca (2+) storage [38]. This shows an 
important role of RANK, and subsequently, RANKL, in 
muscle function. Therefore, full-length OPG-fc was used 
which appears to be more effective to improve the muscu-
lar dystrophy phenotype than the deletion of RANKL [64]. 
In this study, the authors using mdx dystrophic mice back-
crossed with RANKmko (muscle specific KO mice) or mdx 
mice treated with OPG-fc to show that this treatment was 
able to prevent muscle eccentric contraction and increase 
SERCA activity in dystrophic muscle while the absence of 
RANK was ineffective [64]. These investigators also showed 
that the protein levels of RANK and RANKL were elevated 
in the muscle of utrophin haploinsufficient mdx (mdx/utrn±) 
mice [65]. Treatment with an anti-RANKL antibody was 
able to reduce muscle damage and fibrosis, improve func-
tion, and increase the mechanical property of the bone in this 
dystrophic muscle model. Mechanistically, the anti-RANKL 
treatment shifted the macrophage population toward an 

Fig. 1   Schematic representation of osteocyte-muscle interactions in 
a setting of cancer. A Cancer cells produce sclerostin, TNF-α, and 
RANKL that can directly induce skeletal muscle atrophy and weak-
ness. B Other unknown tumor-derived factor(s) reprogram the osteo-
cyte phenotype and stimulate the production of osteocyte-derived 
sclerostin, TNF-α, and RANKL that induce muscle alteration and 
osteoclast activation. C In metastatic bone disease, the release of 
TGF-β from bone due to osteoclast resorption directly affects muscle 
tissue inducing wasting and weakness. Image created with BioRen-
der.com

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



	 Current Osteoporosis Reports

1 3

anti-inflammatory phenotype thus reducing the phosphoryla-
tion of NF-kB and the myofiber regeneration [65]. In a study 
enrolling 50 DMD patients and 50 controls from the age of 1 
to 21 years of age, increased RANKL levels were observed 
only in the group of 6- to 10-year-old DMD patients com-
pared to the controls [66]. This study showed reduced levels 
of both RANKL and OPG in the older DMD patients com-
pared to controls [66]. This last data highlights the involve-
ment of RANKL signaling in human DMD pathology.

Osteocytes and Muscle Atrophy due 
to Unloading

Prolonged periods of immobilization or unloading can 
severely affect the musculoskeletal system, by inducing bone 
loss and skeletal muscle atrophy. Unfortunately, the concept 
that osteocyte-derived factors can induce skeletal muscle 
atrophy during unloading is not well known.

Three different studies clearly show that prolonged bed 
rest causes an increase in circulating levels of sclerostin 
in healthy subjects [67–69]. However, none of those stud-
ies reports any information regarding muscle atrophy or 
weakness in these subjects. For these reasons, we can only 
speculate that is likely that the high levels of sclerostin 
observed in the subjects could be part of the pathogenetic 
mechanisms that induce skeletal muscle atrophy during 
immobilization. Another study using botulinum toxin to 
mimic hind limb disuse showed the inefficacy of the anti-
sclerostin antibody romosozumab to protect skeletal mus-
cle against atrophy [70]. Finally, a recent study aimed at 
investigating whether the exogenous injection of RANKL 
can exacerbate unloading-induced bone loss and muscle 
atrophy showed that only bone was negatively affected by 
the treatment [71]. We can only speculate that the differ-
ences with other studies demonstrating a negative effect of 
RANKL on skeletal muscle may be due to different levels 
of RANKL present into the circulation.

Conclusion

In summary, understanding both bone and muscle and 
the function of their individual cells in the context of 
whole organ physiology has led to novel findings with 
implications for treatment of musculoskeletal disorders 
and diseases. Investigators from different fields should 
be encouraged to learn from their colleagues and work 
together to develop novel hypotheses to test. This has 
certainly proved useful for investigators in the bone and in 
the muscle field. The future holds promise for additional 
interactions to take place.
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