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Abstract

Bone homeostasis depends on the resorption of bone by osteoclasts and formation of bone by
osteoblasts. Imbalance of this tightly coupled process can cause diseases such as osteoporosis.
Thus, the mechanisms that regulate communication between osteoclasts and osteoblasts are critical
to bone cell biology. It has been shown that osteoblasts and osteoclasts can communicate with
each other through direct cell-cell contact, cytokines and extracellular matrix interaction.
Osteoblasts can affect osteoclast formation, differentiation or apoptosis through several pathways,
such as OPG/RANKL/RANK, LGR4/RANKL/RANK, Ephrin2/ephB4 and Fas/FasL pathways.
Conversely, osteoclasts also influence formation of bone by osteoblasts via the d2 isoform of
vacuolar (H+) ATPase (v-ATPase) VO domain (Atp6v0d2), complement component 3a,
semaphorin 4D or microRNAs. In addition, cytokine released from the resorbed bone matrix, such
as TGF-p and IGF-1 also affects the activity of osteoblasts. Several reviews have been performed
on the osteoblasts-osteoclasts communication. However, few reviews have shown the research
advances in the recent years. In this review we summarized the current knowledge on osteoblast-
osteoclast communication.
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Bone is in a constant state of remodeling, which is important for the maintenance of normal
skeletal structure and function. Thus, imbalance can result in disease such as osteoporosis.
Many types of cells and factors are involved in the process of bone remodeling. Osteoblast
and osteoclast are the two main cells participating in those progresses (Matsuo and Irie,
2008). Osteoclasts are responsible for aged bone resorption and osteoblasts are responsible
for new bone formation (Matsuoka et al., 2014). The resorption and formation is in stable at
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physiological conditions. However, when the balance is disturbed, bone architecture or
function will be abnormal. Bone metabolism diseases, such as osteoporosis or osteopetrosis
will occur (Zaidi, 2007).

Many cytokine, hormones and signaling pathway are involved in in bone remodeling
(Matsuo and Irie, 2008). It has been shown that osteoblast and osteoclast can communicate
with each other through direct cell-cell contact, cytokine or cell-bone matrix (Tamma and
Zallone, 2012). The molecular mechanisms of cellular communication between osteoblast
and osteoclast are one of the central issues in bone cell biology (Mundy and Elefteriou,
2006). The communication between osteoblast and osteoclast occur at various stages of
differentiation (Matsuo and Irie, 2008). Earlier studies suggested that osteoblast could
regulate osteoclast formation (Rodan and Martin, 1981). Subsequently, more and more
studies showed that osteoclast can also affect osteoblast activity (Matsuoka et al., 2014;
Wang et al., 2015).

Several reviews have been performed on the osteoblasts-osteoclasts interaction (Matsuo and
Irie, 2008; Tamma and Zallone, 2012). However, few reviews were published in the recent
years. In this short review, we highlight the major research progresses of communication
between osteoblasts and osteoclasts.

The role of osteoblasts in osteoclast formation

Cell-cell contact

It has been shown that osteoblast can communicate with osteoclast via direct contact. When
those two cells contact, they can form gap junctions and small water-soluble molecules can
passage between the two cell types. Everts et al. (2002) have shown that bone lining cells, a
subpopulation of the osteoblast, are in close contact with osteoclasts attached to bone. The
initiation of osteoclastogenesis mainly depends on the interaction between those two cells
(Everts et al., 2002; Matsuo and Irie, 2008). Transmission electron micrograph also showed
that there are direct contact between mature osteoclasts and osteoblasts, and the basic
multicellular unit is the site for cell-cell contact (Matsuo and Irie, 2008).

Ephrin2/ephB4

Bone cells and its progenitor both express ephs and ephrins(Tamma and Zallone, 2012).
Zhao et al.(2006) showed that there were other bidirectional regulations between osteoblast
and osteoclast. This regulation was mediated via transmembrane ligland, ephrin2, on
osteoclast and receptor tyrosine kinase, ephB4, on osteoblast and osteocytes. Osteoblast
could inhibit osteoclast formation via ephb4 and osteoclast could stimulate osteoblast
differentiation via ephrin2. The forward signaling mediated by EPH (OC-OB) stimulates
osteoblast differentiation and induces bone formation; the reverse signaling mediated by
Ephrin (OB-OC) inhibits bone resorption. Furthermore, Zhao et al. (2006) showed that
ephrinB2 signaling inhibits osteoclastogenesis by blocking induction of Fos and its
transcriptional target Nfatc1, which is induced by RANKL. Additionally, EphB4 signaling is
known to induce osteogenic regulatory factors, such as DIx5, Osx and Runx2.
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Osteoblasts can secrete macrophage colony-stimulating (M-CSF)(Lacey et al., 1994), which
binds to its receptor c-Fms expressed on macrophages and osteoclasts (Wiktor-Jedrzejczak
et al., 1990). The number of osteoclasts in M-CSF knock-out mice was obviously decreased
compared with the wild-type mice. M-CSF is an important cytokine for survival,
differentiation, cell migration and activity in macrophages and osteoclasts (Wiktor-
Jedrzejczak et al., 1990; Kim and Kim, 2016). M-CSF also enhanced the differentiation of
bone marrow precursors to osteoclast precursors and up-regulated the receptor activator of
nuclear factor xB (RANK) expression in bone marrow precursors (Sambandam et al., 2010).

Osteoblasts also can produce monocyte chemoattractant protein-1 (MCP-1, or CCL2)
(Graves et al., 1999), which is a candidate recruiter of osteoclast precursors (Li et al., 2007).
MCP-1 binds with it receptor expressed in osteoclast precursors, and then the circulating
osteoclast precursor position the bone surface to differentiate into active osteoclast.
However, in normal bone MCP-1is not expressed. Inflammation can stimulate MCP-1
expression in osteoblast.

OPG/RANKL/RANK

Before the discovery of RANKL, OPG and RANK, many groups observed that osteoblasts
produce cytokines to regulate osteoclast differentiation and formation.

In the 1990s, four groups independently found that OPG/RANKL plays a critical role during
osteoclast formation (Boyce and Xing, 2008). First, they found that OPG protects against
bone loss (Simonet et al., 1997; Yasuda et al., 1998a), and then they discovered its ligand
(OPGL) using OPG as a probe (Lacey et al., 1998; Yasuda et al., 1998b). Further, OPGL
was identified as a member of TNF super family, which is called receptor activator of
nuclear factor-kb ligland (RANKL)(Anderson et al., 1997), or TNF-related activation
induced cytokine (TRANCE)(Wong et al., 1997). RANK had been discovered by another
group when they sequence cDNAs from a human bone marrow derived myeloid dendritic-
cell cDNA library, and it was found to be the receptor for OPGL (Dougall et al., 1999).

OPG is also called osteoclastogenesis inhibitory factor (OCIF). OPG is produced by many
cell types besides osteoblasts, such as cells in the heart, liver and spleen. It has been shown
that B cells are the major source of OPG in the bone marrow of mice, which account for
64% of total bone marrow OPG production (Li et al., 2007). Osteopetrosis is observed in
transgenic mice over-expressing OPG due to the lack of osteoclasts (Simonet et al., 1997),
OPG knock-out mice have osteoporosis due to unregulated osteoclasts (Bucay et al., 1998).
OPG, as a decoy receptor, can bind with RANKL and block its bind and activation with
RANK (Boyle et al., 2003). Consequently, the main signaling pathway of osteoclast
differentiation and activation were blocked. OPG expression in osteoblasts is regulated by
amount of hormones, cytokines and growth factors (Theoleyre et al., 2004), such as
estrogen, 1, 25(0OH),D3 and TNF.

RANKL is also called osteoclast differentiation factor (ODF), TNF-related activation-
induced cytokine (TRANCE) and osteoprotegerin ligland(OPGL)(Lacey et al. 1998). The
generally accepted nomenclature, RANKL, was established by the American Society of
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Bone Mineral Research in 2000 (The American Society for Bone and Mineral Research
President’s Committee on Nomenclature). RANKL is highly expressed in osteoblasts,
activated T cells, lymph nodes, thymus, mammary glands and lung, and lowly expressed in
bone marrow(Kearns et al., 2008). RANKL is typically membrane-bound on osteoblasts
(Kearns et al., 2008). The secreted protein is from the membrane form due to either
proteolytic cleavage or alternative splicing (Ikeda et al. 2001). RANKL can bind with its
receptor RANK, which is expressed on osteoclastic progenitor cells, and activates the down
signaling pathways related with cell growth and differentiation (Boyle et al., 2003). A
variety of cytokines, hormones and growth factors can regulate RANKL expression,
including PTH, estrogen, and inflammatory cytokines. OPG/RANKL ratio critically
influences the osteoclast formation.

RANK is a type | transmembrane protein member of the TNF receptor superfamily. It is
highly expressed on membrane of osteoclast progenitor, mature osteoclasts and dendritic
cells and mammary glands (Fata et al., 2000). The cancers with high bone metastatic
potential also express RANK, such as breast and prostate cancer (Kim et al. 2006). RANK
binds with its ligand RANKL, and then activates TNF receptor-associated factors (TRAFS)
family, including TRAFs 2,5 and 6. However, TRAF6 alone can induce osteoclastogenesis
(Kadono 2001) and is essential for the activation of intracellular signal transduction
pathways(Kim et al., 1999). RANK/TRAF regulates osteoclast formation, activation and
survival via different signaling pathways (Boyle et al., 2003), including INK/AP-1, IxK/NF-
xB, c-myc and calcineurin/NFATc1 for osteoclast formation; src and MKK6/p38/MITF for
activation.

LGR4/RANKL/RANK

A recent study showed that leucine-rich repeat-containing G-protein-coupled receptor 4
(LGR4, also called GPR48) is also receptor for RANKL (Luo et al., 2016). RANKL can
directly interact with human LGR4. They further confirmed that LGR4 was expressed in
osteoclasts. The in vivo study indicated that low bone mass and osteoclast hyperactivation
were observed in Lgr4-deficient mice. Number, surface area and size of osteoclasts were
markedly higher in Lgr4-deficient mice compared with those in control mice. In vitro
research demonstrated that Lgr4-deficient promoted osteoclasts formation and inhibited its
apoptosis. Further data showed that the Lgr4 loss induced osteoclastogenesis did not depend
on LGR4 ligand R-spondinl or norrin. However, LGR4 inhibited RANKL binding to RANK
in a dose-dependent manner, which indicated that LGR4 competes with RANK to bind with
RANKL. The downstream signaling pathways of osteoclast differentiation and survival were
attenuated. LGR4 may be act as another decoy receptor for RANKL.

Sema3A/Nrp

Semaphorins are axonal growth cone guidance molecules, which are involved in the
interaction between osteoblasts and osteoclasts (Negishi-Koga et al., 2011). Hayashi et al.
(Hayashi et al., 2012) identified some proteins secreted by osteoblast that inhibit osteoclast
differentiation. They found that axon guidance molecule Sema3A may play important role.
They further showed that the recombinant Sema3A could inhibit osteoclast differentiation in
a dose-dependent manner. Sema3A mRNA can be detected in isolated osteoblasts and
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osteocytes. They showed that the inhibitory effects of Sema3A on osteoclast differentiation
were abolished when NVRPI expression was knocked down by short shRNA. Furthermore,
they observed that Sema3A could not inhibit osteoclast differentiation if AirpI gene lacking
the Sema-binding site. Subsequently, they demonstrated that Sema3A inhibit
osteoclastogenesis by binding to Nrpl. Sema3A induced inhibition on osteoclast
differentiation may be mediated by the regulation of DAP12-induced ITAM signaling. Nrpl
can compete with TREM2 for PIxnAl and acts as a suppressor of PIxnAl-TREM2-DAP12
induced signal.

Lysophosphatidic acid (LPA)

LPA is a potent bioactive phospholipid(Hosogaya et al., 2008). LPA is produced by several
cells type, including activated platelets and osteoblasts (Sims et al., 2013). Osteoblast-
derived LPA may regulate the activity of tumor cells in the skeletal microenviroment and
osteoclasts (Panupinthu et al., 2008). LPA receptor, LPAL, LPA2, LPA4 and LPA5 is
expressed at high or low level in osteoclasts (Del Fattore et al., 2008). McMichael et al.
showed that LPA enhanced osteoclast progenitor cell fusion (McMichael et al., 2010) and
LPA is required for osteoclastogenesis (David et al., 2010). LPA could regulate calcium
signaling and induce nuclear accumulation of NFATc1 in osteoclast (Lapierre et al., 2010)
which is important signaling pathways for osteoclast formation (Boyle et al., 2003). In
addition, Lapierre et al. (2010) also showed that LPA could suppress osteoclast apoptosis
and induce morphology change of mature osteoclasts. Further study showed that treatment
with LPA resulted in increase in osteoclast size accompanied by increased number of nuclei
(McMichael et al., 2010).

Osteoclast apoptosis induced by osteoblasts

Estrogen can induce osteoclast apoptosis (Kousteni et al., 2002). Nakamura et al. (Nakamura
et al., 2007) showed that the estrogen-induced apoptosis of osteoclast are related with the
induction of Factor associated suicide ligand (FasL) in these same cells. However, Krum and
colleagues (Krum et al., 2008) found that that estrogen affects osteoclast survival through
the upregulation of FasL in osteoblasts leading to the apoptosis of pre-osteoclasts.
Furthermore, they found that tamoxifen and raloxifene also induce pre-osteoclasts by the
same osteoblast-dependent mechanism. Garcia et al. (Garcia et al., 2013) also showed that
17b-estradiol (E2)-induced apoptosis of osteoclasts is mediated by cleavage and
solubilization of osteoblast-expressed FasL. E2 could up-regulate matrix metalloproteinase-3
(MMP3) expression, and then MMP3 cleaves the full-length FasL into soluble FasL. In the
presence of MMP3 specific inhibitor, extensive cleavage and soluble FasL concentrations
were reduced. Recently, Wang et al. (2015) also showed that osteoblasts induce osteoclast
apoptosis by FAS ligand (FASL)/FAS signaling. Conditional knockout FasL in osteoblast
caused increase of osteoclast number and activity. Moreover, they indicated that the FasL
expression were down-regulated in osteoblasts from ovariectomized osteoporotic mice
compared with the sham control group. Then, they found that FasL knockout osteoblast
from sham control showed weak capacity to induce osteoclast apoptosis and overexpression
of FasL in OV X-derived osteoblast showed increase capacity to induce osteoclast apoptosis.
Osteoblast-induced osteoclast apoptosis by FasL has an important role OV X osteoporaosis. In
addition, using osteoblast progenitor/osteoblast-specific FASL-deficient (FasL cKO) mice,
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they found that blockage of RANKL showed limited role to reduce the osteoclast activity in
FasL cKO mice. Wang et al. (Wang et al., 2015) also showed that osteoclast progenitors have
lower FAS expression compared with mature osteoclast. Osteoclast progenitors may be low
sensitivity to osteoblast-induced apoptosis via FASL/FAS pathway.

The role of osteoclast in bone formation

Atp6v0d2

Atp6v0d2 is the abbreviation of d2 isoform of vacuolar (H+) ATPase (v-ATPase) VO
domain. It is highly expressed in osteoclasts (Rho et al., 2002). However, little is known
about the functional importance of Atp6v0d2 (Rho et al., 2002). Lee et al. (2006) showed
that marked increase in bone mass and decrease in bone marrow cavity space were observed
in Atp6v0d2 -/- mice. Meanwhile, osteoclast surface extent and the number of
multinucleated TRAP positive cells were reduced. However, the number of mononuclear
TRAP+ cells was slightly increased. This data indicated that Afp6v0d2 -/- may influence
osteoclast maturation, not differentiation. In addition, they found that Atp6v0d2 was related
with the cell-cell fusion. The formation of mature giant osteoclasts was decreased in the
absence of Atp6v0d2. Furthermore, a marked increase in osteoblasts and bone formation
were also observed in Afp6v0d2—/- mice. However, osteoblast differentiation and
differentiation related gene expression was not changed. The authors speculated that
increased osteoblast activity in Afp6v0ad2 —/- mice may be due to osteoblast extrinsic factors
produced by mutant osteoclasts or their precursors. Atp6v0d2 may have great potential as a
target for the treatment of osteoporosis due to its role on osteoclasts and bone formation.

Complement Component 3a

Matsuoka et al. (2014) established a co-culture system of osteoblast and mature osteoclasts
to the influence of osteoclasts on osteoblastogenesis. They purified a peptide whose
sequence matched complement component 3(C3) from the conditional medium (CM) of
mature osteoclasts. C3 progressively increased during osteoclast differentiation. They found
that C3 bioactive fragment 3a could stimulate osteoblast differentiation, and that the C3a
receptor was expressed in stromal cell lines, as well as in primary calvarial osteoblasts.
When the C3 gene expression was knocked down in osteoclasts, the CM of osteoclast failed
to stimulate the osteoblast differentiation. However, the alkaline phosphatase activity (ALP)
activity of osteoblast was inhibited by the CM in the presence of C3aR antagonist, and C3aR
antagonist alone did not affect ALP activity. These data all suggested that the C3a in the CM
is responsible for the enhanced ALP activity. Furthermore, they showed that the ALP
activity was increased if C3aR agonist was added to osteoblast culture. Subsequently, they
found that C3a expression in bone is increased in OV X-treated mice with excessive
osteoclast activation. C3aR antagonist inhibited the stimulation of bone formation in OVX
mice. Bone loss and damage of trabecular architecture were also exacerbated. These results
suggested that C3a may mediate the coupling of bone resorption to formation in a high
turnover model.
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Semaphorin 4D

Sclerostin

Semaphorin 4D (Sema4D) is an axon guidance molecule. Negishi-Koga et al. (2011) showed
that osteoclasts highly express Sema4D and Sema4D potently inhibits bone formation
through its receptor plexin-B1 expressed by osteoblasts. Bone mass, trabecular thickness and
bone strength were obviously increased in Sema4D —/—mice compared with wild-type mice.
In addition, the osteoblast surface and bone formation rates were also markedly increased.
However, the osteoclastic bone resorption was normal. These data suggested that the high
bone mass in Sema4D —/—mice were due to the increase in osteoblastic bone formation.
Further study showed that addition of Sema4D inhibited bone nodule formation, ALP
activity and osteoblastic gene expression. Plexin-B1 is highly expressed during osteoblast
differentiation. Plexin-B1 forms a receptor complex with erythroblastic leukemia viral
oncogene homolog 2(ErbB2) in osteoblasts. Binding of Smeadd to Plexin-B1 induced the
phosphorylation of ErB2 which play a role of kinase in osteoblasts. However, addition of
Sema4D still slightly suppressed the bone formation in Plxnb1 —/- cells, which suggested
that other receptors may partly involve in the effects of Sema4D on osteoblasts.
Subsequently, they found that binding of Sema4D to Plexin-b1-ErbB2 receptor complex
could induce RhoA activation, which mediates IRS-1 phosphorylation. The effects of
Sema4D on osteoblast may be in part through an attenuation of IGF-1 signaling. In addition,
Sema4D may induce osteoblast motility through RhoA activation and affect the localization
of osteoblasts to a proper site. In vivo studies also demonstrated that Sema4D-specific
antibody can protect against bone loss in OV X mice by promoting bone formation. Recent
studies also showed that sSiRNA-Sema4D significantly increase bone volume, volume bone
mineral density and number of osteoblasts in a rat model (Zhang et al., 2015, 2016).

Sclerostin is a protein that in humans is encoded by the SOST gene (Balemans et al., 2001).
Sclerostin is expressed in human long bones and cartilages and is expressed in the osteocyte
and has anti-anabolic effects on bone formation (Winkler et al. 2003). Kusu and colleagues
(2003) found that Sclerostin was also expressed in mouse osteoclasts. They further showed
that Sclerostin bound to the BMP6 and BMP7 with high affinity and inhibited their activity
in mouse MC3T3-EL1 cells. However, Winkler et al. (2003) showed that no expression of
SOST RNA was observed in human osteoclasts or human osteoclast progenitor cells. Ota et
al. (2013) indicated that Sclerostin was expressed in osteoclasts in aged mice. The
concentrated conditional media (CCM) from osteoclasts from 6-week or 12-month-old mice
enhanced osteogenenesis. However, the CCM from 18- to 24-month old mice inhibited
mineralization. Furthermore, they observed that Sclerostin mRNA and protein levels form
the osteoclasts in 24-month old mice were significantly high than that in 6-week old mice. If
anti-sclerostin antibody was added into the CCM, the suppression of mineralization by CCM
was reversed. Osteoclasts from aged mice may have some different phenotype compared
with young mice.

MicroRNA/exsomes

It has been shown that MicroRNASs also regulate osteogenic activity and osteoblastic bone
formation (Lian et al., 2012). MiR-214-3p has been proved to play a crucial role in skeletal
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disorders, including suppressing osteogenic differentiation of myoblast cells (Shi et al. 2013)
and bone formation (Wang et al., 2013). A recent study indicated that exosomal miR-214-3p
produced by osteoclast may affect the osteoblastic bone formation (Li et al., 2016).
Abundant miR-214-3P and exosomal miR-214-3p were detected in mature mouse
osteoclasts but not in mature osteoblasts. They found that osteoclastic miR-214-3P
associated with the reduced bone formation in elderly women with fractures and in OVX
mice. Using an osteoclastic-specific miR-214-3P knock-in mice model, they also found that
the bone mass was decreased and trabecular architecture was poorly organized compared
with the wild-type mice. Histological analysis revealed that bone formation markers, such as
mineral apposition rate and Ob.S/BS, in miR-214-3P knock-in (OC-miR-214-3p) mice were
all significantly lower than that in wild-type mice. When osteoblasts were co-cultured with
OC-miR-214-3p osteoclasts, the expression of osteoblast activity related genes were all
significantly down-regulated compared with those in osteoblasts co-cultured with wild type
osteoclasts. In addition, they showed that the osteoblast activity was inhibited if osteoclastic-
specific miR-214-3P was transferred to. Furthermore, they demonstrated that exosomal
miR-214-3p could transfer from osteoclasts to osteoblasts. They also showed that osteoclast-
derived exosomal miR-214-3p could be taken up by osteoblasts /in7 vivo. The mRNA levels of
bone formation genes, such as Alp, Opnand Bsp were significant/y lower in mice injected
with OC-miR-214-3p exosomes. Bone formation was also markedly suppressed. Finally,
they showed that the inhibition of osteoclastic-specific miR-214-3P enhanced bone
formation in aging OV X mice. A recent study also showed that osteoclasts produced
miRNA-enriched exosomes, and the exosomes transferred miR-214 into the osteoblasts to
inhibit their activity (Sun et al., 2016). Osteoblast activity was inhibited in osteoclast-
specific miR-214 transgenic mice. High miR-214 levels were observed in osteoporotic
patients and OV X mice. This study also indicated that exsomes derived from osteoclasts
recognized osteoblasts via ephrinA2/EphA2. These two studies suggest that osteoclasts may
affect osteoblasts via exosomes.

In addition, Ephrin-EphB4 bidirectional regulation (Zhao et al., 2006), collagen triple helix
repeat containing 1 (Cthrc 1) (Takeshita et al., 2013) and sphingosin-1-phosphate (S1P)(Ryu
et al., 2006; Pederson et al., 2008) also play important role in the progress of osteoclast-
osteoblast cross-talk. For Ephrin-EphB4, the forward signaling mediated by EPH (OC-OB)
stimulates osteoblast differentiation and induce bone formation. Takeshita et al. (Takeshita et
al., 2013) found that Cthrc1, a protein secreted by mature bone-resorbing osteoclasts, could
stimulate osteogenesis. Osteoclast-specific deletion of Cthrc1 caused osteopenia due to
reduced bone formation. Cthrc1 knock-out mice showed low bone mass, low bone formation
rate and microstructural abnormalities. In addition, mature osteoclasts produce and secrete
many factors, such as WNT10B, BMP6, the lipid S1P, Hepatocyte growth factor (Grano et
al., 1996), Cathpsin K (Kiviranta et al., 2001; Lotinun et al., 2013), and Tartrate resistant
acid phosphatase (TRACP)(Teti, 2013) to stimulate osteoblast recruitment and survival.
TGF-b and IGF-1 released from the bone matrix during osteoclastic bone resorption also
play important role on osteoblast activity (Tang et al., 2009; Xian et al., 2012), such as
RANKL expression and cell migration.

In summary, bone homeostasis is crucial for the normal function and structure of bone. The
homeostasis depends on the cross-talk between osteoblasts and osteoclasts. Many cytokines,
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hormones and signaling pathway are involved in those progresses. OPG/RANKL/RANK
pathway is one of the important advances in bone cell biology, which evidence that
osteoblast can regulate osteoclast. Subsequent studies further showed that osteoclast also
influence the activity of osteoblast or bone formation. The schematic presentation of
osteoblast-osteoclast interaction was showed in Fig 1. Understanding the cross-talk between
osteoblast and osteoclast is important for the discovery and development of novel anti-
osteoporosis drugs. We believe that additional studies will reveal more and more novel
molecules which mediate the communications between those two cells. Meanwhile, further
studies are still needed to clarify the known signal transduction pathways.
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Figurel.
The schematic presentation of osteoblast—osteoclast interactions. Osteoblasts can enhanced

the proliferation, differentiation, survival, apoptosis or fusion by macrophage
colonystimulating factor (M-CSF)/C-Fms, receptor activator of nuclear factor-xB ligand
(RANKL), lysophosphatidic acid/lysophosphatidic acid receptor (LPA/LPAR) and Fas/FasL
(FADD, Fas-associated death domain). Osteoblasts also inhibit (L) the differentiation,
proliferation or survival of osteoclast by osteoprotegerin (OPG), RANKL/LGR4 and
Sema3A/Nrpl. Osteoclasts can promote osteoblasts differentiation by Complement
Component 3a (CC3)/CC3 receptor (CC3R) and ephrinB2. D2 isoform of vacuolar (H+)
ATPase (v-ATPase) VO domain (Atp6v0d2), Semaphorin 4D, Sclerostin, MicroRNAs
(miR-214 and miR-214-3p) or exsomes from osteoclast can inhibit (L) the differentiation or
activity of osteoblast. There are also bidirectional interactions (EphB4-ephrinB2) between
osteoblasts and osteoclasts.
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