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INTRODUCTION

In recent decades, the aging population has dramatically increased.
Loss of bone and muscle mass are common side effects of aging
and have become a growing public health problem. Osteoporosis
is a skeletal illness that affects bone microarchitecture and
strength.l) Sarcopenia, in contrast, is defined as a loss of muscle
mass, strength, and/or functional capacity.” While sarcopenia and
osteoporosis frequently co-occur, whether one condition occurs
before the other and how the two are connected are unclear.” Kirk
et al.” defined osteosarcopenia as a subpopulation of older adults
with both osteoporosis and sarcopenia. Osteosarcopenia is a syn-
drome characterized by poor bone density (osteopenia/osteopo-
rosis) and decreased muscle mass, strength, and/or functional ca-
pacity (sarcopenia) .Y Because loss of bone mass is frequently cou-
pled with a loss of muscle mass, this condition leads to a new para-
digm in which bone may affect muscle and vice versa, necessitating
additional research into the mechanisms of bone and muscle inter-
action. Muscle and bone are physically and physiologically linked
and interact as a functional unit and both are influenced by aging.”

Loss of bone and muscle mass is a frequent aging condition and has become a growing public
health problem. The term "osteosarcopenia” denotes close links between bone and muscle. Me-
chanical exercise was once thought to be the only mechanism of crosstalk between muscle and
bone. Sclerostin is an important player in the process of unloading-induced bone loss and plays
an important role in mechanotransduction in the bone. Furthermore, bones and muscles are cat-
egorized as endocrine organs because they produce hormone-like substances, resulting in
“bone-muscle crosstalk.” Sclerostin, an inhibitor of bone development, has recently been shown
to play a role in myogenesis. This review discusses the importance of sclerostin in bone-muscle
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They share common mechanical and molecular mechanisms.” )

The discovery of both bone and muscle as endocrine organs has
recently demonstrated that muscle and bone can produce, express,
and release cytokines and other peptides with paracrine, autocrine,
or endocrine effects.” The discovery of myokines, including myo-
statin, which are secreted by muscle, as well as the molecular biolo-
gy revolution in the previous decade, has prompted in-depth inves-
tigations of muscle-bone interactions. Sclerostin is a cysteine knot
protein released into the environment. It is part of the gene aberra-
tive in neuroblastoma (DAN) family of proteins, which are pro-
teins that stop bone morphogenetic protein (BMP) and Wing-
less-related integration site (Wnt) signaling.g) Produced by the
sclerostin gene (SOST) ¥ sclerostin is a powerful inhibitor of bone
growth that is produced mostly by osteocytes. Sclerostin was re-
cently discovered in muscle cells in vitro and in muscles from vari-
ably aged mice with diverse metabolic and load-bearing capabili-
ties.” This finding could be the first step toward establishing the
role of sclerostin in not only bone formation but also in myogene-
sis. Although a new paradigm has discovered the significance of

sclerostin in bone-muscle crosstalk, the role of sclerostin remains
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controversial and the mechanisms are unknown. We discuss the
role of sclerostin in bone-muscle crosstalk, as well as potential
common pathways in the following sections. This new knowledge
is critical for the development of therapeutics for pathophysiologi-
cal illnesses such as aging-related osteosarcopenia. In addition to
targeting pathways that control bone and muscle at a systemic lev-
el, manipulating pathways that allow communication between
bone and muscle is also important and could lead to new thera-
peutic targets that prevent, mitigate, or restore bone and muscle
degradation.

BONE-MUSCLE CROSSTALK BEGINS WITH EARLY
DEVELOPMENT AND DIFFERENTIATION

The human musculoskeletal system is a complex organ system
composed of bones, muscles, tendons, ligaments, cartilage, joints,
and other connective tissues that work together to perform coordi-
nated motor activity.” Bone and muscle cells are produced from a
common mesenchymal precursor during intrauterine develop-
ment and undergo organogenesis through carefully regulated gene
activation and inactivation so that bone and muscle develop simul-
taneously.m) Both tissues attain their maximum mass around the
same period and begin to lose mass at around the same age.m) Nu-
merous studies have reported pleiotropic genes that regulate both
bone and muscle, including methyltransferase 21C, AARS1 Lysine
(METTL21C), a member of the methyltransferase superfamily,
and myocyte enhancer factor 2C (MEF2C)."” The deletion of
both genes in rats affected both bone and muscle densities, indicat-

ing that bone and muscle share a similar signaling mechanism."”

SCLEROSTIN

Molecular Aspects and Expression
Sclerostin was discovered by researchers of rare hereditary diseases
associated with sclerostin. Sclerosteosis is an autosomal recessive
illness that manifests in early childhood as increased bone mass,
thickening of the bone cortex, gigantism, and facial and head mal-
formations.” With increasing age, these clinical signs become
more prominent. This disorder is caused by a mutation in SOST,
which encodes the protein sclerostin and is located on the long
arm of chromosome 17 (17q12-q21).12) Sclerosteosis carriers have
a normal phenotype, lower sclerostin levels, higher bone mineral
density (BMD), and higher levels of bone production biomark-
ers.”)

Sclerostin is a 190-residue glycoprotein member of the DAN/
Cerberus protein family that is thought to contain a cysteine knot
and a glycoprotein that are secreted mostly by the bone matrix,
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and cartilage matrix."” Sclerostin has two conserved N-linked gly-
cosylation sites and several positively charged lysine and arginine
residues, giving it a projected isoelectric point (pI) of 9.5." The
structure of sclerostin is characterized by disordered N- and C-ter-
minal arms in the free solution state, as well as three loops formed
around the cysteine knot motif” The cysteine knot is at the base
of Loops 1 and 3; their tips are linked by a disulfide link, giving the
protein a structured core.'” The opposing side of the cysteine
knot, Loop 2, is highly mobile in solution and is a functionally im-
portant portion of the protein that binds low-density lipoprotein
receptor-related protein (LRP) 5/6 (Fig. 1)."”

SCLEROSTIN AS A MEDIATOR OF BONE-MUSCLE
CROSSTALK VIA MECHANICAL LOADING AND
ACTIVITY

Mechanical interaction was once thought to be the only method of
muscle-bone communication.'” For an organism to move, it relies
on the movement of its bones, which are related to skeletal mus-
cles."” Muscle forces are the source of mechanical stress that results
in bone strain.'” Loss of skeletal muscle mass induces bone loss
due to bone unloading, which supports the mechanical link be-
tween bone and muscle."” Osteosarcopenia is another disorder
that demonstrates the close link between bone and muscle.”'” The
“mechanostat” theory describes the mechanical interaction be-
tween muscle and bone," in which the muscles put mechanical
stress on bones and the balance of bone turnover shifts away from

Fig. 1. The molecular structure of sclerostin showing the presence of
disulfide bonds, resulting in a 3-loop structure.’ g
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bone resorption and toward bone formation.'®

Skeleton unloading, which is frequently induced by immobiliza-
tion, greatly reduces bone growth and mass.”” Understanding of
the process of mechanotransduction has advanced at a breakneck
pace. However, for many years, the mechanism by which osteo-
cytes convert loading information into biochemical signals that di-
rect bone formation has remained a mystery.l'ﬂ) Sclerostin expres-
sion may be regulated by mechanical loading in a way that affects
osteocyte function.”” Sclerostin is a crucial regulator of unload-
ing-induced bone loss and plays an important function in mecha-
notransduction in bone."” Sclerostin levels were higher in human
studies of bed rest.” Some studies reported that increasing me-
chanical loading reduces osteocyte sclerostin expression, whereas
decreased loading, such as from disuse or aging, is linked to in-
creased sclerostin production and bone loss.” Sclerostin is a pro-
tein that inhibits bone growth."”'”*” Osteoclast resorption shifts
the balance of bone remodeling in favor of osteoclast resorption
when there is a lack of mechanical stimulus or disuse.” During
this mechanotransduction process, the lysosome rapidly degrades
sclerostin, allowing new bone production by osteoblasts to oc-
cur.”” In contrast, the molecular processes by which osteocytes
sense and transduce loading-related signals into changes in scleros-

. . . 20
tin €xXpression remain unclear. )

Immobilization, Aging, and Defective Autophagy

Several aging-related conditions, including aging itself, trigger al-
terations in autophagy, which could affect bone and muscle.”” Au-
tophagy is a lysosome-dependent system that regulates cytoplas-
mic turnover in cells and is an important part of cellular proteosta-
sis.””” Autophagosomes remove damaged, broken, or unneces-
sary proteins and organelles by fusion with lysosomes. This main-
tains a balance between protein formation and breakdown. Auto-
phagy ability decreases with age, in part because lysosomal acidity
decreases and fewer autophagy-related proteins are formed.” ™
The load-dependent breakdown of sclerostin is controlled by au-
tophagy in bone, which is stimulated by mechanical load.”” De-
fects in lysosome function in older adults can affect bone health by
preventing the removal of sclerostin, an inhibitor of bone forma-
tion.””

Muscle, like bone, alters its mass in response to reduced load sit-
uations such as bed rest, immobilization, and inactivity.m To meet
the lower mechanical demand, the myofibrillar content and levels
of supporting proteins are reduced, resulting in smaller myofibers
and, consequently, muscle mass.”” Mechanical demand also influ-
ences skeletal muscle mass and performance. Outside of the nor-
mal homeostatic setpoint, high-intensity resistance training boosts
the number of myofibrils and other muscle fiber contractile con-

trol mechanisms in the body.”” When these organelles and pro-
teins are recruited, the cross-sectional area of muscle fibers increas-
es, resulting in greater muscular hypertrophy (morphology) (func-
tion) ¥ The link between muscle loading and sclerostin expression
is not as obvious as in the case of bone-induced mechanical load-
ing. Sclerostin is a mediator that regulates bone-muscle cross-
talk."""

At the molecular level, osteocytes are believed to use at least two
important chemicals, sclerostin and receptor activator of nuclear
factor f ligand (RANKL), to control bone response to mechanical
loading.zs’%) Sclerostin, which is encoded by SOST, is only pro-
duced postnatally by mature osteocytes.”” Sclerostin reduces bone
formation in vitro and in vivo by inhibiting osteoblast proliferation
and differentiation through the canonical Wnt signaling pathway.””
Sclerostin likely suppresses Wnt--catenin signaling by binding to
low-density LRP5/6."**" Furthermore, because its expression in-
creases with mechanical unloading and decreases with loading,zq)
sclerostin may be crucial in bone response to mechanical load-
ing.zmg) Lin et al.” proved that unloading decreased Wnt/p-caten-
in signaling in WT mice, indicating that it is physiologically re-
sponsive to mechanical unloading. Sclerostin and Dkk1 were both
responsive to mechanical stimulation, among several Wnt antago-
nists.”” Unloading had little effect on Wnt/p-catenin signaling in
the absence of sclerostin, suggesting the major role of sclerostin in
antagonizing Wnt/B-catenin signaling in the context of mechano-
transduction.” The increased sclerostin released by osteocytes in
response to unloading suppresses Wnt/B-catenin signaling, caus-
ing apoptosis and reducing osteoblast activity, resulting in de-

. 8
creased bone production and lower bone mass.”

Muscle was initially defined as a secretory organ by Pedersen”
who used the term “myokines” to describe the substances pro-
duced by muscles. Along with the discovery of myokines, the bone
can also function as a secretory endocrine organ, producing many
substances that regulate both bone and muscle. Muscle metabo-
lites have recently been discovered to modulate bone mass.” Scle-
rostin, which will be addressed further in the section below, is one

of several myokines that affect bones.

ROLE OF SCLEROSTIN AND WNT SIGNALING
PATHWAY IN BONE-MUSCLE CROSSTALK AS A
PARACRINE ORGAN

Skeletal muscles and bones were long thought to be mechanically
linked in the sense that muscles attach and put stress on bones.””*”
In the last decade, however, studies demonstrated that these two
tissues work together at a higher level through crosstalk signaling

processes that are important for the functioning of both paracrine
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and endocrine tissues.””” Muscle and bone create factors (myok-
ines and osteokines, respectively) that circulate and can operate as
endocrine molecules that target distant organs.’m) This field of
study is fairly new; future studies are needed to learn more about
how this hypothesized paracrine or endocrine crosstalk and bio-

chemical interactions work.

Sclerostin Expression in Bone and Muscle

Sclerostin is a glycoprotein produced primarily by the bone and
cartilage matrixes.””” Animal tests have shown that sclerostin can
inhibit the formation of new bone."*" Sclerostin overexpression
causes reduced bone mass, bone growth, and bone strength in
mice.”” Sclerostin inhibits osteoblastogenesis and preosteocyte
differentiation in osteoblasts, and also causes osteocytes to release
RANKL to induce osteoclastogenesis and rapid bone resorption.””
Bone remodeling refers to two processes that are constantly in-
volved in bone construction and reconstruction throughout a per-
sons life. Osteoclasts and osteoblasts are responsible for bone re-
sorption and production, respectively.‘ﬂ’z) Both of these cells are
firmly connected in a basic multicellular unit (BMU) component,
and bone resorption always occurs before bone formation.™ Scle-
rostin expression by nascent osteocytes at the start of osteoid min-
eralization serves as a negative feedback signal to osteoblasts, pre-
venting excessive BMU." Sclerostin maintains quiescence in the
cells surrounding the bone during bone remodeling to avoid os-
teoblast activation and bone growth without first resorbing the
bone.” Sclerostin inhibits osteoblast proliferation and differentia-
tion during the early and late stages of osteoblast proliferation and
differentiation, which is how it inhibits bone production.” Scle-
rostin also promotes osteoblast death and osteocyte RANKL re-
lease, both of which are important for osteoclast activity and devel-
opment.” A higher BMD score is associated with more osteo-
cytes.”” Moreover, sclerostin signaling to osteoblasts as target
cells is more paracrine than endocrine (Fig. 2).*”

The action and control of sclerostin in bone are better under-
stood than those in muscles. A few recent studies have suggested
the role of sclerostin in muscle mass modulation. The Wnt signal-
ing system is also important in muscle stem cell formation.”” Kim
et al.’”¥ reported increased lean body mass with age in SOST -/-
mice (p=0.06). However, sclerostin overexpression via an ade-
no-associated virus resulted in the opposite body composition
phenotype in SOST -/- mice, with increased body fat mass and a
small but significant decrease in lean body mass. Humans with
low muscle mass had higher circulating sclerostin levels than
healthy controls.”” These findings have led to the concept that
sclerostin also facilitates endocrine communication between

bone and adipose tissue and influences adipose tissue accumula-
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Fig. 2. Sclerostin inhibits osteoblast proliferation and differentiation
in both the early and late stages, limiting bone formation. Sclerostin
also promotes osteoblast apoptosis and RANKL release, both of
which are necessary for osteoclast activity and differentiation.”*”

tion.”” Sclerostin may influence adipocyte metabolism by indi-
rectly modulating bone morphogenetic protein (Bmp) signal-
ing.” Early studies of sclerostin activity suggested that it might
serve as a Bmp antagonist35‘38) ; however, genetic and pharmaco—
logical evidence suggests that it predominantly operates as a Wnt
signaling inhibitor.” Wnt signaling markers were enhanced in the
white adipose tissue of SOST -/- mice, as expected, whereas Bmp
signaling was reduced.” Consistent with this discovery, the ex-
pression levels of Bmp4 and its receptor Bmprla were inversely
linked to the levels of Wnt signaling in adipocytes both in vitro
and in vivo. Moreover, the Bmp antagonist noggin prevented the
effects of recombinant sclerostin on adipocyte metabolism in vi-
tro.”” These findings are consistent with recognized crosstalk be-
tween the Wnt and Bmp pathways, Bmp signaling’s adipogenic ef-
fects, and recent findings that Bmp4 enhances adipocyte hyper-
trophy by increasing fatty acid production while reducing oxida-
tion."”

The Wnt/p-catenin pathway is a prominent therapeutic target
for osteoporosis. Since sclerostin, a bone-forming inhibitor, is
inhibited, many studies have investigated whether muscle cells
may also produce this protein. SOST mRNA expression levels
were also reported in different tissues, including skeletal muscle,
despite being regarded as an osteocyte-specific protein*”; how-
ever, its synthesis in muscle has not been described in detail.

Ann Geriatr Med Res 2022;26(2):72-82
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Magaro et al.” studied bone-muscle crosstalk in vitro in osteo-
genic (2T3) and myogenic (C2C12) cell lines to demonstrate
the role of sclerostin. Conditioned media derived from differen-
tiating C2C12 cells considerably affected the functional matura-
tion of osteoblasts.” They also examined SOST/sclerostin pro-
tein expression and secretion in C2C12 and CS7 muscle cells
and found that it is produced at all three levels.” A transient
gain-of-function experiment in young mice with growing bones
assessed the similarity of muscle sclerostin and osseous scleros-
tin.” The skeletal system was also negatively affected by mus-
cle-released sclerostin in this study.” The co-administration of
muscle and osseous sclerostin showed a similar effect. These
findings suggest that muscle sclerostin may function in tandem
with bone sclerostin to prevent osteogenesis and subsequent
bone growth.”

Molecular Pathway of Sclerostin in Bone
The Wnt/p-catenin signaling system plays a key role in osteo-

9,32,

blast cell proliferation and development. ) Wat is a glycopro-
tein that binds to the LRPS/6 receptor and Frizzled co-receptor
to trigger signaling pathways. Through suppression of glycogen
synthase kinase 3 (GSK3) activity using protein complexes with
Disheveled (Dsh), Axin, and adenomatous polyposis coli (APC),
this receptor complex blocked the phosphorylation of B-caten-
in.”"” p-catenin accumulates in the cytoplasm and translocates to
the nucleus as a result of this protein complex interaction.™
(-catenin is a transcriptional coactivator that collaborates with
other transcription factors to kick-start gene expression, which
leads to cell proliferation and differentiation.”” Mutations in the
N-terminal chain of the human LRPS protein decrease its affinity
for sclerostin, resulting in an abnormal condition defined by in-
creased bone mass, indicating that sclerostin is involved in bone
mass control.””*” Meanwhile, P-catenin activity is necessary for
the development of mesenchymal stem cells from osteoblasts.
Wnt pathway activation increases family transcription factor 2
(Runx2) expression in mice, whereas B-catenin inactivation re-
sults in a decrease in components needed for osteoblast develop-
ment, such as Runx2 and Osx, and poor osteoblast differentia-
tion. B-catenin also stimulates osteoblastogenesis while inhibit-
ing chondrogenesis.m

Structural studies of sclerostin and LRPS/6 also provided infor-
mation on how these two proteins interact. Sclerostin has a flexible
loop domain surrounded by two cysteine-containing fixed-struc-
ture finger domains."**” Recently, the flexible loop domain was
demonstrated to be responsible for its interaction with the LRP6
receptor.”'* Additionally, a sclerostin monoclonal antibody can
bind to this location, preventing sclerostin-LRP interaction."” In

contrast, LRP5/6 is a transmembrane protein. In its extracellular
domain, LRPS/6 has four p-propeller domains separated by four
epidermal growth factor (EGF) domains: low-density lipoprotein
receptor domain class A (LDLA), a transmembrane domain, and a
cytoplasmic domain."” The cytoplasmic domain is required for
the recruitment of the GSK3/Dsh/axin/APC complex, whereas
the extracellular domain is antagonistic and is in charge of binding
to Wt protein.'” LRP6’s first two propellers (E1E2) are also in-
volved in binding to Wnt and sclerostin ligands, suggesting that
sclerostin and Wnt are competitors for binding to LRP6."” Scle-
rostin inhibition is caused by a conformational shift in the LRP6
domain (Fig, 3)."”

Molecular Pathway of Sclerostin in Muscle

Although the mechanism by which sclerostin modulates muscle
mass is not fully understood, the Wnt signaling system, which is
important for mediating sclerostin in bone, is also thought to func-
tion in muscles. Wnt signaling is required for embryonic muscle
development and adult skeletal muscle homeostasis.”” Muscle tis-
sue is a highly flexible and complicated structure. Myogenesis, or
muscle development, is the consequence of a well-coordinated
network of transcriptional cascades and signaling channels.”” Wnt
signaling influences the expression of myogenic regulatory factors,
which are important transcriptional regulators of myogenic lineage
development and differentiation.” Wnt signaling is also critical for
the development of the dermomyotome.‘m Mice lacking both
‘Wntl and Wnt3a do not form the medial compartment of the der-
momyotome, which is associated with decreased myogenic factor
S (MyfS) expression via a B-catenin-dependent process.”” Addi-
tionally, Wnt6-catenin-dependent signaling from the dorsal ecto-
derm is necessary for somite epithelial structure and dermal myo-
tome development.*”

The Wnt family of human proteins consists of 19 members:
Wntl, Wnt2, Wnt2b (Wnt13), Wnt3, Wnt3a, Wnt4, WntSa,
WntSb, Wnt6, Wnt7a, Wnt7b, Wnt8a, Wnt8b, Wnt9a (Wnt14),
Wnt9b (Wnt14b), Wnt10a, Wnt10b, Wntl1, and Wnt16.” These
genes encode cysteine-rich secreted glycoproteins.45) Wnats can
connect with important autocrine regulators and/or participate in
paracrine modification by adhering to nearby cell membrane re-
ceptors.d's) Wnt3a and Wnt4 are hypothesized to be greatly in-
volved in bone-muscle interaction.”” These two proteins can also
be separated into two categories based on their functions: Wnt3a is
involved in the canonical signaling pathway, whereas Wnt4 acti-
vates both canonical and noncanonical signaling pathways.%) A
strict balance between signaling pathways and their precise activa-
tion is required for successful skeletal muscle regeneration, with a
temporal switch from Notch to canonical Wnt signaling required
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Fig. 3. Activation (right): Wt protein binds to the LRPS/6 receptor and the Frizzled co-receptor to activate signalling pathways. With the help of
protein complexes with Disheveled (Dsh), Axin, and Adenomatous Polyposis coli, this receptor complex inhibits the phosphorylation of p -cat-
enin (APC) causing p-catenin accumulation in the cytoplasm and translocated to the nucleus. Inactivation pathway (left): sclerostin will inhibit
Wt signalling pathway causing dissociation of LRP /6 complex and frizzled receptor."*””*** LRP, lipoprotein receptor-related protein; GSK3,
glycogen synthase kinase 3; APC, adenomatous polyposis coli; Dsh, disheveled.

for proper differentiation.” Notch signaling is blocked by canoni-
cal Wt signaling, allowing myogenic commitment and differenti-

46)

ation to proceed (Fig. 4).

Sclerostin as inhibitor of Wnt3a signaling in muscle

‘Whnt3a, which is found in the extracellular matrix of various cell
types, is expressed in C2C12 myoblast cells and 2T3 osteoblasts
and occurs at relatively high levels in both human (16.9+2.4 ng/
mL) and mouse (0.225-3.74 ng/mL) serum, suggesting a poten-
tial role of Wnt3a in bone-muscle crosstalk." Sclerostin inhibited
Wnt3a-mediated crosstalk between MLO-Y4 osteocytes and mus-
cle cells (C2C12) by modulating the Wnt/p-catenin pathway.”
Sclerostin, a negative regulator of the Wnt/p-catenin signaling
pathway, was also used to assess if the effect of MLO-Y4 condi-
tioned media (CM) and Wnt3a on C2C12 cell differentiation pro-
motion was attributable to the Wnt/p-catenin signaling pathway.s)
Sclerostin inhibited the capacity of 10% MLO-Y4 CM and 10 ng/
mL WNT3a to differentiate C2C12 cells.” The combination of
CM and WNT3a, did not slow the acceleration of C2C12 cell dif-
ferentiation by sclerostin.” These findings indicate that the Wnt/
(-catenin signaling pathway is involved in the MLO-Y4 CM and
WNT3a promotion of C2C12 cell development.” When WNT3a
and sclerostin competed for binding to LRPS and LRP6, they di-
minished sclerostin’s inhibitory effect on the Wnt/p-catenin signal-

ing pathway.s)

Canonical Wnt signaling causes satellite cell development in
adult skeletal muscles, mostly through the Wnt3a ligand. Ru-
dolf etal,”” reported that the disruption or stimulation of B-cat-
enin in adult satellite cells affected regeneration, highlighting
the importance of balanced canonical Wnt signaling for skeletal
muscle regeneration. Wnt3a also activated MyoD and myogen-
in, which are essential myogenic regulatory proteins (Fig. 5)."

Sclerostin as inhibitor of the Wnt4 canonical signaling pathway in
muscle

The Wnt4 pathway is also involved in the action of sclerostin in
muscle.”’ Myoblast differentiation consists of two primary steps:
irreversible cell cycle exit and subsequent myogenic factor ex-
pression and activation.’” Myf$ and MyoD are expressed early in
myogenesis. Myogenin and MRF4 are activated as cells proceed
toward a differentiated phenotype and work together to form an
irreversible commitment to final differentiation.” MyfS levels
are elevated in the GO phase of cell differentiation.”” Borello et
al*” previously demonstrated that the canonical Wnt/p-catenin
signaling pathway regulates MyfS expression directly during so-
mitogenesis. Wnt4 overexpression induced Myf5 expression,
while Wnt4 silencing suppressed MyfS expression during myo-
blast and satellite cell differentiation, implying a role for the ca-
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induces myogenic gene expression via Barx2 activation, stimulates Follistatin, inhibits myostatin, and translocates the negative regulator Setdbl
into the cytoplasm, promoting myoblast development and fusion. (E) Finally, Wnt activity returns to low levels. Overall, Wnt/p-catenin signaling
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nonical pathway in Wnt4’s myogenic characteristics.”” While
‘Wnt4 was initially described as a noncanonical Wnt, it is also in-
volved in the activation of the canonical Wnt/p-catenin signaling
pathway.49) Wnt4 hypertrophic activity in C2C12 and satellite
cells was linked to Tcf/LEF promoter activation, demonstrating
the involvement of Wnt/{-catenin signaling in myogenesis regu-
Jation.*”)

Myostatin may also be involved in the Wnt4 pathway.”” Myosta-
tin acts via Smad2 and Smad3 receptor-associated proteins.“)
Phosphorylated Smad2 and Smad3 form a heterodimeric complex
with the common mediator Smad4. These activated Smad pro-
teins act as the primary intracellular mediators of myostatin signal-
ing by translocating into the nucleus and activating target gene
transcription via interactions with DNA and other nuclear fac-
tors.”” Takata et al.”” reported that Wnt4 had no effect on Smad2
phosphorylation in differentiated C2C12 myoblasts but sup-
pressed myostatin-induced Smad2 phosphorylation. Wnt4 in-
duced myogenesis by inhibiting myostatin.”” Wnt4-mediated sup-
pression of the myostatin pathway may be related to decreased
myostatin expression and/or decreased myostatin/Smad trans-
duction.”” However, myostatin did not decrease Tcf/LEF activity
caused by Wnt4 overexpression in proliferating and differentiated
C2C12 myoblasts. Thus, myostatin did not affect the Wnt4/p-cat-

MyoD and Induce
“myogenin
Myogenesis

MyoD Myogenin

Myf5 MRF4

Mesoderm ‘ Myoblast ‘ Myocytes

Myotubes ’ Myofiber

|

Differentiation of
satellite cells

NJECN)

(Wnt B-catenin
inhibitor)

Importance of on Sclerostin as Bone-Muscle Mediator Crosstalk 79

enin signaling pathway (Fig. 6)."
CONCLUSION

Numerous investigations have confirmed the existence of
bone-muscle communication. Mechanical and endocrine relation-
ships explain how these two organs communicate. Sclerostin is a
novel myokine and osteokine that increases bone metabolism via
mechanical loading. Physical activity and mechanical loading re-
duce sclerostin levels, which prevent future bone and muscle loss.
Aging causes changes in autophagy, which could affect bones and
muscles.

According to a new paradigm, muscle and bone can function as
paracrine organs, secreting chemicals to modulate their action.
Sclerostin also plays a significant role in bone and muscle crosstalk
by activating the Wnt/p-catenin signaling pathway, which acts as a
powerful inhibitor. Wnt3a and Wnt4 also play a critical role in
myogenesis in muscles. Some studies have shown that Wnt4 inter-
acts with the myostatin pathway to regulate muscle hypertrophy.
Further research is required to fully elucidate the processes under-
lying sclerostin regulation of bone-muscle communication to de-
velop innovative methods to prevent the development of osteopo-

rosis and sarcopenia (Fig. 7).

Myostatin induced Smad2
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Fig. 6. Mechanism of sclerostin as inhibitor of Wnt4 signaling in muscle via Wnt/f-catenin signaling pathway and Wnt4’s effect to myosta-

i, PO

) (Left and center) Wnt4 bone and muscle crosstalk occurs via the Wnt/ (-catenin signaling pathway, which inhibit by sclerostin.

Wnt4 overexpression increased MyfS expression, which is necessary for myogenesis. (Right) Myostatin is also thought to be involved in the Wnt4
pathway. Wnt4 induces myogenesis by inhibiting myostatin thus preventing muscle wasting and cachexia. Myf5, myogenic factor 5; LRP, lipopro-
tein receptor-related protein; GSK3, glycogen synthase kinase 3; APC, adenomatous polyposis coli; Dsh, disheveled; TCF/LEF, T-cell factor/

lymphoid enhancer factor.
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transduction. Sclerostin levels will be reduced as a result of increased activity and mechanical loading. Sclerostin is a Wnt antagonist that responds
to mechanical stimulation. Mechanical loading reduces sclerostin levels, which activates Wnt/p signaling. A meanwaging will result in alterations
in autophagy, which will have an impact on bone and muscle. Meanwhile, a new paradigm has emerged, claiming that bone and muscle can func-
tion as an endocrine organ, secreting sclerostin, which can function as both myokines and osteokine. Reduced sclerostin levels in the bone lower
osteoclast and RANKL stimulation, resulting in increased bone growth and osteoblast. On the other hand, two key wnt families play important
roles in muscle: Wnt3 which acts via the canonical pathway and Wnt4 which acts via both the canonical and non-canonical pathways. Wnt3 and
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