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Abstract The bone is previously considered as a dominant organ involved in the processes of
locomotion. However, in the past two decades, a large number of studies have suggested that
the skeletal system closely coordinated with the immune system so as to result in the emerging
area of ‘osteoimmunology’. In the evolution of many kinds of bone destruction-related dis-
eases, osteoclasts could differentiate from dendritic cells, which contributed to increased
expression of osteoclast-related membrane receptors and relatively higher activity of bone
destruction, inducing severe bone destruction under inflammatory conditions. Numerous fac-
tors could influence the interaction between osteoclasts and dendritic cells, contributing to
the pathogenesis of several bone diseases in the context of inflammation, including both im-
munocytes and a large number of cytokines. In addition, the products of osteoclasts released
from bone destruction area serve as important signals for the differentiation and activation of
immature dendritic cells. Therefore, the border between the dendritic cell-related immune
response and osteoclast-related bone destruction has gradually unravelled. Dendritic cells
and osteoclasts cooperate with each other to mediate bone destruction and bone remodelling
under inflammatory conditions. In this review, we will pay attention to the interactions be-
tween dendritic cells and osteoclasts in physiological and pathological conditions to further
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understand the skeletal system and identify potential new therapeutic targets for the future
by summarizing their significant roles and molecular mechanisms in bone destruction.
Copyright ª 2020, Chongqing Medical University. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
Introduction

In a previous study, the bone is known as the hardest tissue
in the human body that not only makes effects on motion,
protection, and calcium storage but also provides shelter
for the haematopoietic system, including both myeloid and
lymphoid progenitor cells.1 Bone is a highly dynamic tissue
undergoing continuous reconstruction, including osteoclast
(OCs)-dependent bone resorption and osteoblast-
dependent bone formation, which maintains proper func-
tions and homeostasis over the lifetime. There is a dynamic
balance between bone resorption and bone formation, and
multiple bone related diseases may occur when this bal-
ance is disrupted.

It has been well acknowledged that the skeletal system
has a close connection and participates in deep crosstalk
with the immune system since bone cells and immunocytes
share a common micro-environment.2,3 It was shown that
the emergence of terrestrial vertebrates with a strong body
skeleton coincided with the development of the immune
system from an evolutionary point of view. The reciprocal
interactions of these two systems was are essential in
maintaining the normal functions of the body and may
mediate the progression of various diseases under patho-
logical conditions, such as fracture or inflammation.4,5

Therefore, the new field ‘osteoimmunology’ was created
to investigate the crosstalk between the skeletal system
and immune system under physiological and pathological
conditions. The possible relationships between these two
systems especially the relationship between immunocytes
and osteoclasts has been deeply explored because they are
both involved in a multitude of inflammation-related bone
destruction diseases. Dendritic cells (DCs), acting as senti-
nels of the immune system, which are specialized as
antigen-presenting cells (APCs). Dendritic cells are named
for the dendritic structures when these cells act as mature
statement; dendritic structures serve as vital component
during the recognition and presentation of antigens in the
immune system, which can promote the adaptive immune
response by interacting with T cells.6,7 Classic dendritic
cells are differentiated from both lymphoid precursor cells
derived from haematopoietic stem cells and precursor cells
under stimulation with granulocyte macrophage colony
stimulating factor (GM-CSF) and interleukin-4 (IL-4).8 Ac-
cording to the level of maturity, dendritic cells can be
divided into mature dendritic cells and immature dendritic
cells (iDCs). Compared with the former, immature dendritic
cells mainly exist in nonlymphoid tissues, such as the blood
vessel. Interestingly, the bone marrow not only has a rich
blood supply but also acts as the source of haemopoietic
stem cells. Therefore, the bone provides an imperative
shelter for the migration and survival of dendritic cells.
Some studies have shown that the numbers of immature
dendritic cells in the bone marrow microcirculation in-
crease under inflammatory pathological conditions, indi-
cating the important role of dendritic cells in bone related
diseases.3 Dendritic cells and osteoclasts obtain a large
number of same characteristics because they are all
differentiated from mononuclear progenitor cells and pre-
sented similar phagocytic functions. Osteoclasts, multinu-
clear giant cells derived from monocyte precursor cells, act
as the only macrophages in the skeletal system that are
involved in the destruction and absorption of the bone
matrix.8 It has been shown that immature dendritic cells
could trans-differentiate into osteoclasts under inflamma-
tory conditions so as to mediate the process of bone
destruction.9e11 In the joint synovium, the number of
immature dendritic cells is increased at the resorption site
during inflammatory osteolysis, which further induces
osteoclast differentiation and results in bone matrix
erosion. This process is activated and regulated by inflam-
matory factors and immune cells.12e15 In this review, we
will discuss the molecular mechanism of dendritic cell dif-
ferentiation into osteoclasts under inflammatory condi-
tions, which may be identified as possible therapeutic
strategies for osteoclast-related osteolytic diseases.
Potential relationship between dendritic cells
and osteoclasts

The osteoblasts in the skeletal system especially provide
shelter for the survival of haematopoietic stem cells and
regulate their differentiation, which is well known as the
cell niche. The immunocytes that originate from haema-
topoietic stem cells in the bone marrow, sharing the com-
mon microenvironment with osteocytes, which indicate
that there may exist many interactions among different
cells from the skeletal system and those from the immune
system. As the immune system is responsible for the
recognition and make resistance to pathogens, it can also
cooperate with the skeletal system to protect the body
from large amount of bone related injuries.

Prior to this, the critical interaction between macro-
phages and dendritic cells in inflammatory microenviron-
ment has been reported.3 Osteoclasts are multinuclear
giant cells derived from monocyte precursor cells that act
as the only kind of macrophages in the skeletal system that
perform phagocytosis.16 Osteoclasts are involved in bone
remodelling and mediate bone destruction under inflam-
matory conditions. It is speculated that the increased
number of immature dendritic cells in the microenviron-
ment of the articular cavity under inflammatory conditions
are coupled with osteoclasts. It is possible that dendritic
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cells and osteoclasts affect the functions of each other so
as to adjust the balance of osteoimmunology and restrain
the ‘inflammation/immunity-related bone destruction’
axis.12 Several lines of evidence support the possible link
between dendritic cells and osteoclasts (Fig. 1). First, they
are all originate from haemopoietic stem cells. Whole-
genome analysis showed that they exhibited highly over-
lapping gene expression profiles and expressed the same
surface markers, such as dendritic cell-specific trans-
membrane protein (DC-STAMP),17 suggesting that there is a
certain genetic relationship between the two cell types,
which may be considered a vertical differentiation related
relationship. Second, the cells in the bone marrow include
osteoblasts, osteoclasts, osteocytes, and dendritic cells.
They share the same shelter in the bone microenvironment,
which provide the possibility of the close relationship. In
addition, dendritic cells and osteoclasts are both affected
by multiple shared immune factors in the microenviron-
ment.16,17 Many cytokines are vital to dendritic cells in the
immune system and have been indicated to be equally
important for osteoclasts differentiation in the skeletal
system (Fig. 1). Several dendritic cell-related immune sys-
tem disruptions also influence the balance of bone forma-
tion and destruction through affecting many signalling
pathways. Both osteoclasts and dendritic cells signals
through the receptor activator of NF-kB ligand (RANKL)-
receptor activator of NF-kB (RANK) signalling pathway,
which not only plays important roles in the development of
the lymph nodes and dendritic cells in the immune system
but also is significant in the differentiation of osteoclasts.
RANKL-deficient mice show osteopetrosis due to an osteo-
clast deficiency and lack lymph node development as
well.13 RANK exists in both dendritic cell and osteoclast
surfaces,18 which activates developmental signalling path-
ways such as the NF-kB pathway. Moreover, Cathepsin K
acts as an important functional molecule in osteoclasts for
bone resorption, which plays a vital role in the intracellular
Figure 1 The origin and crosstalk o
toll like receptor 9 (TLR9) signalling pathway of dendritic
cells.11 Many other important inflammatory cytokines, such
as interleukin-1b (IL-1b), interleukin-6 (IL-6), and tumour
necrosis factor (TNF-a), are also important for both den-
dritic cells and osteoclasts. Overall, dendritic cells and
osteoclasts share a multitude of molecular and signalling
pathways, which further indicate that the close interaction
among them is existed.

It has been reported in previous studies that immature
dendritic cells can trans-differentiate into osteoclasts
under certain conditions (Fig. 1), for which there exist
several points of support.19 First, it is suggested that there
is a very similar genetic relationship between these two
kinds of cells. RANK/RANKL-deficient mice not only show
the bone loss caused by an osteoclast deficiency but also
suffer developmental defects in B cells and T cells and even
immune deficiency.20 At the genomic level, monocytes are
the common precursors of dendritic cells and osteoclasts.
From monocytes to osteoclasts, the expression of 3997
genes is downregulated or lost, while the expression of
3821 genes is upregulated.3 However, when immature
dendritic cells differentiate into osteoclasts, only 2107
genes are downregulated and 1966 genes are upregulated.3

At the same time, the expression of RANK receptors, c-fms
and TREM-2 receptors is increased on dendritic cells
compared with osteoclasts, which suggests that dendritic
cells and osteoclasts have closer connections than the
relationship between monocytes and osteoclasts. In addi-
tion, since immature dendritic cells are immature cells that
have a high differentiation potential, it has been suggested
that the differentiation of dendritic cells into osteoclasts is
faster and more efficient than that of monocytes into os-
teoclasts, which is also adapted to the requirement of
increased bone destruction under inflammatory condi-
tions.21 In addition, it is well known that the RANK-RANKL
signalling pathway activates TRAF6 and downstream
MAPK-JNK and NFATc1, a transcription factor. Among these
f dendritic cells and osteoclasts.



Figure 2 Possible pathways of osteoclasts formation and
activation in inflammatory pathology.
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molecules, NFATc1 is a master transcription factor for os-
teoclasts, which could regulate many osteoclast-related
functional molecules such as matrix metalloenzyme 9
(MMP9), Cathepsin K and avb3.22,23 It is worth noting that
dendritic cells have RANKL receptors on the surface and
that RANK on the membrane can also recognize trans-
membrane RANKL or soluble RANKL produced on the sur-
face membrane of other cells, especially osteoblasts and
osteocytes, which are important sources of RANKL during
the process of bone destruction.24 It has also been
confirmed that dendritic cells may have the potential to
produce osteoclast-related molecules and to differentiate
into mature osteoclasts. In addition, many evidence have
also demonstrated that monocytes can differentiate into
immature dendritic cells under stimulation with GM-CSF
and IL-4, further forming osteoclast-like cells after stimu-
lation with M-CSF and RANKL.1 In addition to RANKL, the
factors contributing to immature dendritic cell trans-
differentiation include c-fms, the M-CSF receptor
expressed on the surface of immature dendritic cells.25 It is
found that if immature dendritic cells are stimulated with
cytokines or components of microorganisms, the expression
of c-fms is greatly downregulated, which means stimulation
with M-CSF cannot induce the formation of osteoclast-like
cells with bone destruction function. Some studies also
showed that after blocking the c-fms receptor in vitro,
dendritic cells could not transform into osteoclasts, further
indicating the important role of c-fms in dendritic cell
trans-differentiation.

The receptors co-expressed by dendritic cells and os-
teoclasts suggest that under inflammatory conditions, in-
flammatory mediators expressed at increased levels may
act on both kinds of cells and induce their responses at the
same time. However, there exists the question of whether
the potential interaction between the two kinds of cells
can influence the balance between the activation and
termination of inflammation. Additionally, the questions of
whether the bidirectional interaction between dendritic
cells and osteoclasts is blocked by exogenous factors and
whether the overactivated inflammatory reaction leading
to bone destruction can be stopped remain. Therefore,
elucidating the potential relationship between dendritic
cells and osteoclasts will help us better understand the
detailed mechanism underlying immunity-related diseases
in the bone and may also provide a novel therapeutic
target in immune-mediated bone destructive diseases.
Both dendritic cells and osteoclasts originate from myeloid
progenitor cells derived from haematopoietic stem cells.
Myeloid progenitor cells differentiate into OCs in the
presence of M-CSF and RANKL, while GM-CSF and IL-4
contribute to the differentiation of DCs. iDCs, which exist
in the early stage of DC differentiation, are able to trans-
differentiate into OCs under stimulation with RANKL and M-
CSF or IL-17 during inflammation, which shows strong
plasticity. At the same time, when DCs or OCs mature, they
not only show affinity with each other by expressing similar
receptors and signalling pathways but also exhibit func-
tional crosstalk. The debris produced by OC bone resorp-
tion can be absorbed by DCs to promote their activation
and maturation, while the inflammatory factors produced
by DCs are essential for maintaining OCs and supporting OC
functions.
The crosstalk between the dendritic cells and
osteoclasts among molecular level

Since dendritic cells and osteoclasts both play important
roles in the bone microenvironment under physiological and
pathological conditions, it is important to determine how
they interact with each other at the molecular level. As the
dynamic balance between dendritic cells and osteoclasts is
regulated by numerous factors, several kinds of skeletal
diseases may occur once the balance is disturbed.

As mentioned above, immature dendritic cells (iDCs) can
not only exist in the bone marrow microenvironment but
also constantly migrate to the bone marrow microenviron-
ment via activation by chemokines during the inflammatory
stage.12,13 They, acting as the most changeable cells in the
bone marrow, which can differentiate into osteoclasts with
effective bone resorption activity under certain conditions,
such as infection (Fig. 2). The inflammatory iDCs present
under pathological conditions express increased levels of
inflammatory factor receptors such as CD206 and F4/80
compared with classic antigen-presenting dendritic cells.1

Under infection or ‘inflammatory stress’ conditions,
immature dendritic cells show increased chemotaxis to
bone absorption sites and articular surfaces mediated by
the stimulatory effect of inflammatory factors.2,14 The
trans-differentiation of immature dendritic cells into os-
teoclasts has a higher efficiency than that of monocytes
into osteoclasts, and immature dendritic cell-
differentiated osteoclasts show increased bone resorption
activity, which further promotes the bone destruction
pathological process.20 It seems that this trans-
differentiation could meet the need for bone destruction
under inflammatory conditions, especially during bone
destruction diseases such as multiple myeloma.26

DC-OC trans-differentiation is regulated by several kinds
of signalling pathways (Fig. 2). At the cellular level, T cells,
especially Th17 cells, are thought to play an important role
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in the trans-differentiation of dendritic cells, as T cells can
produce cytokines that promote the differentiation of
dendritic cells.4 However, it is possible that T cells may
serve as a balanced lever in the process of DC-OC trans-
differentiation, working as a switch between the osteoclast
formation state and the resting stage.3,14,27e29 T cells can
not only activate the process of dendritic cell trans-
differentiation but also inhibit this process by secreting
other cytokines. Under normal physiological circumstances,
there are relatively few functional T cells accompanied by
an increased frequency of initial non-functional T cells in
the resting stage, and these cells may not produce enough
cytokines to induce the differentiation of dendritic cells,
such as IL-17 that is derived from Th17 cell subsets.26,30

In vitro experiments confirmed that T cell-derived IFN-g
could inhibit RANKL signalling by blocking TRAF6 to inhibit
osteoclast maturation and activation, forming an antago-
nistic equilibrium relationship between IFN-g and RANKL.30

Treg cells also make inhibitory effects on osteoclast dif-
ferentiation. Moreover, activated T cells not only produce
RANKL but also secrete TRAIL, an osteoclast inhibitor.2

However, the number of Th17 cells and percentage of IL-
17 are obviously increased in inflammatory pathology,
which may be involved in the induction of dendritic cell
differentiation and antagonize negative signals such as
TRAIL, IFN-g and Treg cells.31 Overall, T cells play dual roles
in dendritic cell trans-differentiation. The balancing func-
tion of T cells needs to be confirmed by subsequent studies.

IL-17 is considered to be an important participant in
trans-differentiation. The specific molecular signalling
pathway of IL-17 produced by activated Th17 cells is not
clear. It is suggested that dendritic cells have the specific
receptor IL-17RA, and IL-17/IL-17RA interaction activates
the downstream TRAF6-NF-kB or CEBP-b pathway, which
transmits intracellular signals and ultimately activates
Ca2þ/NFATc1, thus upregulating the expression of
osteoclast-related bone-absorbing functional proteins.32

Additionally, it has been noted that IL-17 can also be used
as a stimulator to promote the secretion of RANKL by sy-
novial fibroblasts or osteoblasts.16 Therefore, we believe
that IL-17 utilizes both direct and indirect mechanisms to
exert its functions, not only by acting on IL-17 receptors but
also by stimulating synovial fibroblast production of RANKL,
which promotes the trans-differentiation from dendritic
cells into osteoclasts. Additionally, IL-17 also has other
functions in osteoclast formation, such as stimulating os-
teoblasts and osteocytes to produce M-CSF and promoting
the expression of RANK receptor. IL-17 can also be detected
in the dendritic cell environment of patients with Langer-
hans cell hyperplasia (LCH) or periodontitis.33 The infiltra-
tion of a large amount of Th17 cells can be found in
intestinal mucous membrane biopsies from patients with
inflammatory bowel disease (IBD).34,35 These diseases are
accompanied by severe bone destruction. Inhibition of the
IL-17 receptor with everolimus, a drug used for immuno-
logic suppression, can effectively inhibit the conforma-
tional change in the CREB molecule, which further changes
the fate of dendritic cell differentiation into osteoclasts.
Taken together, the evidence suggests positive effects of
IL-17 on the growth and development of osteoclasts.
Because of the increase in the immature dendritic cell
frequency in inflammatory microenvironments, IL-17 may
lead to dendritic cell trans-differentiation during inflam-
mation. However, the specific full mechanism of IL-17-
mediated dendritic cell trans-differentiation is not clear
at present.

Another molecular factor that is worth considering is
RANKL, which is produced by several kinds of cells such as
CD4þ T cells. In the course of development, it has been
confirmed that osteocytes and the bone matrix are rela-
tively heterogeneous compared with other tissues of the
body, which means that they may be recognized as non-
autologous by the immune system under inflammatory
conditions. As the bone marrow is also the source of all
immune cells, it may be the close origin relationship be-
tween the skeletal and immune systems that promotes
tolerance of the matrix in the immune response during
development. There is a protective layer of osteoblasts on
the surface of the bone matrix, isolating the matrix and
osteocytes from the external microenvironment.36 Howev-
er, with the bone destruction that occurs during inflam-
mation, osteoblasts may undergo damage and apoptosis,
which may expose the bone matrix to the immune micro-
environment, attracting osteoclasts and precursor dendritic
cells that can detect this minimal damage to the bone and
be recruited to related bone destruction areas, where
dendritic cells can identify the bone matrix particles in the
inflammatory environment and present an inflammatory
signal to resting CD4þ T cells to induce activation. This
process results in the expression of membrane RANKL
anchored on T cells, which further activates osteoclast
polarization, adhesion and bone destruction activity.
Moreover, RANK is also expressed on the surface of den-
dritic cells, and CD4þ T cell-derived RANKL binds to den-
dritic cells, which leads to NFATc1-mediated osteoclast-
related gene transcription in the dendritic cells and in-
duces DC differentiation into neonatal osteoclasts. CD4þ T
cells can also release M-CSF, acting as an important first
signal for dendritic cell differentiation into osteoclasts.
Thus, RANKL-associated signalling plays vital roles in both
the formation of DC-derived OCs and bone resorption ac-
tivity of OCs.

The activation and differentiation of osteoclasts require
not only RANK/RANKL as the necessary first signal but also
costimulatory signal as the second signal, such as
osteoclast-related receptor (OSCAR), which contains
numerous signal receptors ITAM (a kind of tyrosine-
activated motif) used to activate the downstream FcR-g
or DAP12-PLCg pathway, leading to the release of calcium
ions and activation of the Ca2þ/NFATc1 self-amplification
pathway, which may upregulate OC-relevant gene expres-
sion.37 It has been confirmed that type I and II collagens,
which are the main components of the bone matrix, can
enhance the ability of dendritic cells to release inflamma-
tory factors by activating OSCAR on the dendritic cell sur-
face and stimulate dendritic cell maturation.37 Increasing
the expression of dendritic cell receptors can enhance the
ability to activate T cells for specific immunity. Activation
of OSCAR on the osteoclast surface by type I and II collagens
can also promote the differentiation of osteoclasts, which
confirms the special significance of matrix collagen.
Therefore, we speculate that dendritic cells may also have
this double signal activation mode. IL-17R may be a cos-
timulatory receptor of dendritic cells, and it passes signals
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through downstream Ca2þ/CEBP-b, playing an important
role in the isomerization of CEBP-b and participating in
crosstalk with the classic first signal activation pathway.
These costimulatory signals may be important signals
mediating the nuclear fusion of dendritic cells or osteo-
clasts. It was also found that dendritic cell-specific trans-
membrane protein (DC-STAMP), a co-stimulatory receptor,
and osteoclast-specific transmembrane protein (OC-STAMP)
interact with each other in both dendritic cells and osteo-
clasts. DC-STAMP is also involved in the induction of OC-
STAMP mRNA expression and works as a costimulatory
signal complementing RANK.37,38 Moreover, it is suggested
that the RANK signal and costimulatory signals, such as DC-
STAMP, comprise a cross-linked system and influence each
other.38 When the differentiation of DCs into OCs is
increasing, the phenomenon of nuclear fusion is more
obvious under inflammatory conditions than physiological
conditions. Overall, these costimulatory molecules may be
overexpressed under inflammatory conditions, which pro-
vides a precondition for the design of drug targets.

As mentioned above, immature dendritic cell-derived
functional multinucleated osteoclasts show a relatively
high level of bone absorption function, which perpetuates
the need for a large amount of bone remodeling under in-
flammatory conditions. The expression of tartrate-resistant
acid phosphatase (TRAP) and Cathepsin K, along with MMP9,
is significantly higher in bone-absorbing osteoclasts under
inflammatory conditions than under normal physiological
conditions during bone remodelling.3 Excessive Cathepsin K
also acts as a chemokine to induce more haematopoietic
stem cell migration and differentiation. The remodelling
process of the bone is divided into four stages, one of which
is called the inversion stage, in which osteoclasts absorb
the bone matrix and release bone debris under physiolog-
ical conditions. The debris released by osteoclasts is then
removed by macrophage-like cells, so we speculate that
dendritic cell uptake and presentation may occur in the
inversion stage of bone remodelling and that bone debris is
recognized and phagocytosed by immature dendritic cells.
The damaged bone structure under inflammatory condi-
tions also releases several inflammatory factors, producing
a cascade amplification effect and chemotactically
recruiting more immature dendritic cells to the destruction
site. It is worth mentioning that while osteocytes and os-
teoblasts are destroyed, their membrane-anchored and
soluble RANKL molecules are also released, further result-
ing in dendritic cell or osteoclast activation. In general, the
resorption caused by osteoclasts creates conditions for the
migration and differentiation of dendritic cells that present
small antigen molecules at same times. The role of imma-
ture dendritic cells can be divided into two aspects because
they not only transform into osteoclasts and join
osteoclast-related bone destruction directly but also play
vital roles in producing osteoclast differentiation-related
molecules. For example, under inflammatory conditions,
dendritic cells can produce IL-1b, IL-6, TNF-a and other
factors to stimulate monocyte-derived osteoclast activa-
tion. The continuous activation of immature dendritic cells
may induce osteoclastogenesis and further result in path-
ological osteolysis.

Several kinds of cell populations are involved in DC-OC
trans-differentiation, including T cells, B cells, innate
immune cells, synovial fibroblasts, osteocytes and osteo-
clasts. In the first phase, chemotactic immature dendritic
cells are recruited to the site of microinjury. At the same
time, multinuclear osteoclasts absorb bone matrix and
collagen molecules, which are also presented to CD4þ T
cells. Then, through the cross-linking of T cells with den-
dritic cells, the expression of RANKL by T cells promotes the
transformation of dendritic cells into osteoclast-like cells
with absorptive function. In addition, IL-17 produced by
activated Th17 cells stimulates the production of soluble
RANKL and binds to IL-17A receptor on the surface of
immature dendritic cells to activate NF-kB signalling and
costimulatory signalling, which mediates the differentia-
tion and nuclear fusion of dendritic cells. In addition, cy-
tokines produced by macrophages in the microenvironment
also promote the differentiation and maturation of osteo-
clasts. Overall, T cells in the site may serve to establish
balance, such as the balance between RANKL and IFN-g or
the balance between Th17 and Treg cells.

DC-OC trans-differentiation under pathologic
conditions

Inflammatory bone disease

Inflammatory bone destruction is a systemic bone
destruction disease caused by infection, autoimmunity or
other related pathogenic processes. The pathological
feature is the excessive activation of osteoclasts, which
leads to bone resorption and formation imbalance. The
clinical manifestations of rheumatoid arthritis (RA) are
symmetrical and widespread destruction of multiple small
joints with the main pathological changes of synovitis and
vasculitis (Table 1). Immune disorder is the main patho-
genesis of RA.39 A large amount of IL-17, along with acti-
vated CD4þ T cells and antigen-presenting cells, can be
found in the synovial fluid of patients.25 Small injuries may
lead to the loss of the osteoblast collar above the bone
matrix, which exposes the bone matrix to the inflammatory
microenvironment. In patients with RA, the matrix is more
heterogeneous after citrullination of vital amino acid resi-
dues, which makes it possible to recruit immature dendritic
cells for antigen recognition and presentation and then
activate CD4þ T cells to express or release soluble RANKL.40

Then, RANKL acts on dendritic cells, inducing them to
differentiate into osteoclasts, which corresponds with RA
inflammatory conditions.41e43 Newly formed osteoclasts
absorb residual bone debris and form a DC-OC loop by
inducing chemotaxis of immature dendritic cells, resulting
in constant severe bone destruction. At the same time, fi-
broblasts mediate the migration of Th17 cells to bone
destruction sites, and activated Th17 cells release a large
amount of IL-17 to stimulate the secretion of RANKL by
bone stromal cells, which may also promote the nuclear
fusion of immature dendritic cells induced by IL-17A re-
ceptors.31,36 In vitro experiments have shown that IL-17 can
promote the differentiation of dendritic cells into osteo-
clasts and mediate bone damage. In addition, dendritic
cells can release IL-1b, IL-6, TNF-a and other inflammatory
factors to promote the production of RANKL along with the
differentiation and maturation of osteoclasts, so their



Table 1 The DC-OC trans-differentiation contributes to severe kinds of diseases.

Diseases Factors Effect Reference

Multiple myeloma RANKL, IL-17 MM raises iDC through SDF-1 8e10

CD47, SDF-1 MM cell produces IL-17 and RANKL
make DC differentiation

18,21

Rheumatoid arthritis IL-17, RANKL Bone cells release RANKL 1,4

IL-1, IL-6 Th-17 joint infiltration mediates
trans-differentiation.

14,15,17

TNF-a, IL-1b
periodontitis IL-17 Th-17 cell invade the parodontium 27,35

RANKL And induce the trans-differentiation
Langerhans cell hyperplasia IL-1, TNFa, IL-6, RANKL,

M-CSF, IL-17
DC chemotaxis to superficial dermis
and secrete IL-17

24

Increased IL-17 in microenvironment
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initiating and assistive roles can be fully observed. IL-17
also has a self-magnifying feed-forward cascade reaction
mediated by stimulating synovial cells to release IL-32,
which can in turn act on Th17 cells to promote increased
expression of IL-17.7

Bone infectious diseases often result in serious bone
destruction, such as periodontitis (Table 1), which is a
chronic infectious disease of the bone.39e42 In vitro, it was
found that coculturing immature dendritic cells and T cells
with bacterial products such as lipopolysaccharide (LPS)
leads to increased expression levels of osteoclast-relevant
molecules, such as TRAP, Cathepsin K, and MMP9. In
contrast, neither coculture of immature dendritic cells with
bacterial products nor culture of T cells with LPS could
produce detectable osteoclast-like multinucleated giant
cells and their specific markers in nutrient medium, which
implies the possibility of interactions among T cells, DCs
and LPS.1 In particular, clinical research has increasingly
pointed out that the gram-negative bacteria infection rate
is increasing.42 Gram-negative bacterium-derived LPS is
also able to stimulate bone stromal cells to release
RANKL.44 This indicates that there may exist a process in
which dendritic cells present bacterial antigens to activate
T cells and then stimulate DC-OC trans-differentiation to
mediate bone destruction pathogenesis.45

Inflammatory bowel disease (IBD) is a chronic recurrent
intestinal inflammatory disease caused by abnormal im-
mune system activity (Table 1). Clinical follow-up showed
that 40% of patients with IBD exhibited bone destruction.1

In recent years, it has been found by pathological biopsies
that Th17 cells are present in the superficial layer of the
mucous membrane of IBD patients.35,46,47 Metastatic
tumour cells, such as prostate or breast carcinoma cells, in
the bone often result in bone loss, apart from the cause of
carcinoma cell biology and the abundant blood supply of
the bone. These tumour cells often migrate to the verte-
brae, which also have a plentiful blood supply. Therefore,
we speculated that inflammatory conditions caused by tu-
mours can recruit Th17 cells, causing Th17 cells and their
product IL-17 to travel through the blood to the bone, ul-
timately meditating serious bone destruction and contrib-
uting to metastasis. Taken together, these findings indicate
that during the pathology of these inflammatory bone dis-
eases, dendritic cell-derived osteoclasts may also
contribute to inflammation-related bone destruction.
Th17 cells and IL-17 mediate RANKL production-induced
immature dendritic cell trans-differentiation and nuclear
fusion after they arrive at the corresponding bone site.

Abnormal hyperplastic disease of bone marrow

Multiple myeloma (MM) is a myelodysplastic malignant
tumour derived from plasma cells. Multiple myeloma cells
can release the soluble chemokine SDF-1 (CXCL-12) to
induce immature dendritic cell chemotaxis via the corre-
sponding receptor CXCR4 on the iDC surface,2,16 and then
multiple myeloma cells and dendritic cells interact with
each other to transmit signals (Table 1). Multiple myeloma
expresses TACI receptor anchored on the surface of den-
dritic cells by TRAIL (an immature dendritic cell marker),
and then dendritic cells increase pro-proliferative signalling
to multiple myeloma cells. The secretion of soluble RANKL
by multiple myeloma cells promotes the activation and
differentiation of immature dendritic cells into osteoclast-
like cells with bone resorption function. Multiple myeloma
cells not only produce RANKL themselves but also stimulate
OBs and stromal cells to produce RANKL.48 Although oste-
oclast proliferation in patients with multiple myeloma can
destroy multiple myeloma cells, it leads to bone destruc-
tion as an adverse effect, which may be a prerequisite for
the invasion of multiple myeloma and produce a large
enough volume for the expansion and erosion of tumour
cells in the later stage of disease. In addition, it has been
confirmed that IL-17 plays vital roles in the occurrence and
development of multiple myeloma.32,49 The level of IL-17 in
the synovial fluid of patients with multiple myeloma is
increased, probably because multiple myeloma cells act as
tumour cells and can activate immune cells, especially
Th17 cells, to produce IL-17.

Langerhans cell hyperplasia (LCH) is a group of diseases
with dendritic cell monoclonal hyperplasia as the patho-
logical change, which is often accompanied by serious bone
destruction (Table 1). It was found that the connection
between Langerhans cells and differentiated osteoclast-
like cells is relatively close, suggesting that abnormal pre-
sentation of antigens may lead to the pathological activa-
tion and differentiation of dendritic cells.50 Additionally,
the expression levels of IL-1, IL-6, TNF-a, RANKL, and M-CSF
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in the local microenvironment are increased so osteoclasts
are activated directly through these mediators and the
dendritic cell trans-differentiation pathway, playing
important roles in bone destruction in patients with LCH. In
summary, a good understanding of osteoclast differentia-
tion and maturation may lead to a new therapeutic strategy
for treatment of diseases with abnormal hyperplasia of the
bone marrow.
Metabolic bone diseases

A multitude of metabolic diseases are often accompanied
by bone destruction, which suggests the endocrine role of
the skeletal system (Table 1). Hyperlipidaemia is a group of
metabolic abnormalities characterized by hyperlipidaemia,
especially an increase in the low-density lipoprotein (LDL)
concentration. Epidemiological studies have found that
coronary atherosclerosis (AS) caused by hyperlipidaemia is
positively correlated with the incidence of osteoarthritis
(OA). It is suggested that the electron pairs of oxidized low-
density lipoprotein (OX-LDL) can induce the production of
oxygen free radicals, which attack and destroy osteoblasts
and expose the bone matrix, inducing immune inflamma-
tion. Due to the lack of oestrogen and the weakening of the
vascular protective effect of oestrogen in postmenopausal
osteoporosis (POP), women with POP are prone to produce
OX-LDL, which can damage endothelial cells in bone ves-
sels, resulting in the formation of vascular plaques, which
block and affect the blood supply. Therefore, ischaemia in
related blood vessels leads to small-segment osteonecrosis
and the formation of neovasculature induced by hypoxic
activation of the HIF-VEGF pathway.51 However, because
the permeability of the neovasculature does not reach the
normal capillary level, it further aggravates lipid penetra-
tion. However, the bone is similar to a container with a
constant volume that cannot contain too much fat unless
more effective space is released by bone destruction. The
protective effect of oestrogen on the bone is weakened,
and the scavenging of free radicals is also weakened, which
ultimately leads to bone damage. The remaining part of the
bone is replaced with lipids so that the bone becomes fatty
and vacuolated, which affects the growth and differentia-
tion of normal sinuses and HSCs, contributing to an
increased level of HSC differentiation into adipocytes.52

The high levels of triglycerides and cholesterols in the
microenvironment are a kind of inflammatory stress, which
may induce the production of a large number of proin-
flammatory factors. Osteoclast activation and bone
destruction are mediated by free radicals, and macro-
phages and osteoclasts, the only macrophages of the skel-
etal system, have the function of scavenging free
radicals.53 Osteoclasts can significantly proliferate and
become activated, further causing serious bone loss, under
the condition of a high fat concentration, and the lost
cavity will be replaced with lipids to form a positive feed-
back loop. Furthermore, a study also showed that the lipid
content was closely related to the activity of osteoclasts.
Cholesterol efflux from the osteoclast intracellular space
can induce apoptosis in osteoclasts, suggesting that lipids
are vital in the survival and function of osteoclasts.54

Treatment of hyperlipidaemia with drugs can reverse
osteoporosis, which has been effectively confirmed in the
clinic. Adipocytes are closely related to the bone and
originate from shared precursors. Mesenchymal stem cells
can differentiate into two kinds of cells at the same time,
and leptin produced by adipocytes also has the ability to
regulate bone mass.55e57 Under normal circumstances,
there is a balance in the activation of osteoclasts. It is
possible that the overactivation of osteoclasts may be
related to dendritic cells. The exposure of the bone matrix
provides an ideal condition for the function of dendritic
cells. The inflammatory microenvironment not only con-
tains inflammatory factors inducing those that induce
chemotaxis and the transformation of immature dendritic
cells into osteoclasts but also provides necessary conditions
for the survival of osteoclasts. In addition, necrotic bone
also produces soluble RANKL to activate the dendritic cell
differentiation signalling pathway. However, the exact
mechanism by which adipocytes can transform dendritic
cells into osteoclasts and the origins of RANKL and M-CSF
need to be further studied. In addition, how CD4þ T cells
are involved in inflammatory microenvironments with a
high fat concentration also remains to be explored. The
role of DC-OC trans-differentiation in bone metabolic dis-
eases remains to be further discussed.
Conclusions and perspectives

In recent years, the concept of osteoimmunology has been
recognized by more people thanks to the development of
osteoimmunology based on the contributions of other
scholars.58 Osteoimmunology has demonstrated a possible
relationship between the skeletal and immune systems
because they not only have similar origins but also share
common microenvironment.59 They are closely related to
each other and have shared similar receptors and molecular
pathways, such as RANK/RANKL, which are vital to both the
differentiation of mature osteoclasts and the development
of immune organs. RANK/RANKL knockout mice show bone
sclerosis, which is accompanied by deficiencies in second-
ary immune organs, such as spleen and lymph node devel-
opmental loss.60

The regulation of bone mass under physiological condi-
tions is undertaken by the differentiation and nuclear
fusion of monocytes, the microphage system. However,
under inflammatory conditions, osteoclasts can be formed
by the trans-differentiation of immature dendritic
cells.1,61,62 The antigen-presenting ability of immature
dendritic cells, which are called ‘inflammatory dendritic
cells’, is weak, but their chemotactic ability is obviously
strong.63 Under inflammatory conditions, immature den-
dritic cell chemotaxis plays an essential role in the inflamed
site, and these cells differentiate into bone-destructive
cells under stress. Therefore, dendritic cell-derived osteo-
clasts have increased expression of osteoclast-related
molecules and show relatively strong bone resorption ac-
tivity. At the same time, the bone matrix and debris are
presented to CD4þ T cells to further amplify the inflam-
matory cascade in response to the need for bone destruc-
tion in the context of acute or chronic inflammation.64 In
addition, dendritic cells also produce a variety of inflam-
matory factors to support the activation and maturation of
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the original osteoclasts. Therefore, in the relationship be-
tween dendritic cells and osteoclasts, dendritic cells are
the source of differentiating osteoclasts and play an assis-
tive and auxiliary role in osteoclast activation and matu-
ration. Additionally, osteoclasts are not only the executor
of bone resorption but also helpers, which can transfer
resorption products to dendritic cells for presentation. The
cavity that is produced by osteoclast resorption is vital in
tumour cell growth during cancer metastasis.65 During bone
destruction, chips and small molecules are released to
induce immature dendritic cell recruitment and trans-
differentiation, which in turn contributes to further bone
destruction and construct a closed loop of bone matrix
damage. It has been discovered that monocytes play
important roles in DC-OC differentiation by releasing
several kinds of inflammatory factors. Monocytes, which
are well known as the precursors of osteoclasts, can pro-
duce inflammatory mediators to promote osteoclast matu-
ration. In addition, B cells are also important components
of the immune system, which are needed to be further
clarified in bone destruction and DC-OC-related diseases.

In recent years, the effect of CD4þ T cells on DC-OC
trans-differentiation has become a heated topic. CD4þ T
cells may be used as a switch to determine the balance
between inflammation intensification and resolution
(Fig. 3).30 Activated CD4þ T cells can not only produce
RANKL to stimulate dendritic cell differentiation but also
exert inhibitory effects by secreting TRAIL, a suppressive
signal antagonistic to RANKL. In addition, IFN-g produced
by T cells can inhibit the RANK/RANKL pathway by blocking
TRAF6, further indicating the balancing effect of T cells.
However, under pathological conditions, the balancing ef-
fect of T cells breaks down, resulting in increased RANKL
production and leading to the occurrence and development
of bone destruction diseases (Fig. 3). In addition, by ana-
lysing and summarizing the signalling pathway of IL-17, we
have found that IL-17 can promote dendritic cell differen-
tiation by participating in not only the canonical NF-kB
pathway but also the TRAF6-CEBP-b costimulatory pathway,
indicating its dual actions during dendritic cell trans-
Figure 3 The role of immunocytes in the process of trans-di
differentiation. CEBP-b is an important costimulatory sig-
nalling molecule in osteoclasts that mediates the nucle-
ation of osteoclasts. The co-coupling of dendritic cells and
osteoclasts has become a hot issue because it reveals the
mechanism underlying the interaction and transformation
between dendritic cells and osteoclasts, which will provide
a new therapeutic target for a variety of osteoclast-related
bone destruction diseases. For instance, in multiple
myeloma, there are a multitude of tumour markers that are
presented by dendritic cells and activate dendritic cell
trans-differentiation into osteoclasts to exert a bone-
destructive effect. At the same time, in a hyper-
lipidaemia model, a high-fat inflammatory microenviron-
ment may also induce immature dendritic cell chemotaxis
and promote their activation and trans-differentiation into
functional osteoclasts.

Immunocytes are involved in iDC trans-differentiation
into OCs and are essential in mediating pathological bone
mass loss. In the physiological state, a large amount of
inhibitory signalling molecules are produced to prevent
abnormal formation and activation of OCs. In contrast,
promotive signals from immunocytes have been increased
dramatically during inflammation, contributing to
increased trans-differentiation of iDCs into OC and osteol-
ysis. Therefore, immunocytes play essential roles in the
formation of OC from iDCs. Several kinds of bone destruc-
tion diseases may occur when the equilibrium breaks down.

The differentiation of DCs into OCs reveals a new
pathway for osteoclast formation, providing a novel target
for clinical application. Previous researchers tried to inhibit
the activation of osteoclasts by inhibiting the NF-kB
pathway, but the side effects were obvious and the acti-
vated osteoclasts were difficult to control. Recently, it has
been suggested that using RANKL antagonists during
inflammation may inhibit the activation of osteoclasts,
which is being tested in a clinical trial stage.65,66 Dendritic
cell migration plays an important role in bone destruction
under inflammatory conditions. It is possible to inhibit the
migration and differentiation of dendritic cells in the
treatment of RA and other diseases.67 Blocking the cross-
fferentiation from immature dendritic cells to osteoclasts.
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linking between dendritic cells and multiple myeloma cells
may inhibit the proliferation of multiple myeloma cells. We
also speculate that IL-17A antagonists may have an efficient
clinical effect due to its essential effect. In addition,
immunosuppressive agents may exert an effect by inhibit-
ing T cells’ activity since these essential roles in the DC-OC
trans-differentiation. More drug targets need to be sup-
ported by further basic experiments and clinical research.

DC-OC trans-differentiation has become an accepted
mechanism of osteoclast formation. It is strongly believed
that more mechanisms of DC-OC trans-differentiation will
be clarified and more drug targets for related diseases in
this area will be detected in further studies.
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DC dendritic cells
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