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OSTeOClASTS
Osteoclasts (OCs), the multinucleated cells derived from the 
monocyte/macrophage haematopoietic lineage, are responsible 
degrading bone during skeletal remodeling. OC differentiation, 
also called osteoclastogenesis, originates from an interaction 
between the receptor activator of nuclear factor kappa-B 
ligand (RANKL) and its RANK receptor in OC precursors 
[1]. Following this interaction, six core signaling cascades 
including (1) nuclear factor of activated T cells cytoplasmic-1 
(NFATc-1); (2) nuclear factor kappa B (NF-κB); (3) 
phosphatidylinositol 3-kinase (PI3K/Akt); (4) Jun N-terminal 
kinase (JNK); (5) extracellular signal-regulated kinase (Erk); 
and (6) p38 mitogen-activated protein kinase (MAPK) are 
activated, which is prerequisite for OC differentiation [2]. Once 
formed, mature OCs secrete lytic enzymes such as tartrate-
resistant acid phosphatase 5 (ACP5/TRAP) [3], Cathepsin K 
(CTSK) [4] and Metalloproteinases (MMP9 and MMP14) [5] 
to resorb bone. Besides, binding of monocyte/macrophage 
colony stimulating factor (MCS-F) to its c-fms receptor is also 
required for OC survival and differentiation [6].  

BOne 
Bone is one of the most common metastatic sites for metastatic 
cancer cells, originally derived from breast, lung and prostate 
cancers [7]. Metastatic cancer cells with bone metastasis is a 
major source of morbidity and mortality; in contrast, it is not 
frequently detected in the patients until pain, skeletal-related 
events (SREs) in spine, ribs, pelvis and proximal long bones, 
pathological fractures and nerve compression syndromes occur 
[8].   

Bone is a dynamic organ that is consisted of different types 
of embryo-derived cells such as hematopoietic, stromal, 
endothelial, adipocytes, OBs, OCs, and osteocytes [9]. 
Principally, two crucial factors abundantly present in the 
hematopoietic stem cell (HSC) environment are (1) the 

chemo-attractant stromal derived factor-1 (SDF-1) or C-X-C 
motif chemokine ligand 12 (CXC12) and (2) the cell adhesion 
factor (Annexin2 or ANXA2) [10]. CXCL12 regulates HSC 
homing to the bone marrow, while ANXA2 is likely involved 
in HSC binding to the osteoblastic niche, and may act as 
anchor of CXCL12 and aid in localization to the niche [10]. 
The disseminated tumor cells (DTCs) could survive in a 
quiescent state in bone marrow of cancer patients for years. 
Accumulating clues have illuminated that DTCs exert homing 
mechanisms, which are similar to those of HSCs, to themselves 
support their access to bone marrow. CXCL12 that is released 
by bone marrow stromal cells (fibroblasts and endothelial cells) 
interacts with C-X-C motif chemokine receptor 4 (CXCR4) 
that is aberrantly expressed in cancer cells to promote the 
migratory capacity of cancer cells in bone [11]. Nevertheless, 
the detailed mechanisms of how CXCR4/CXCL12 interaction 
enhance tumor growth and/or metastasis in bone are largely 
unknown. 

OC-MediATed regulATiOn Of BOne 
MeTASTASiS

In the context of bone diseases, OCs are thought to be involved 
in several bone disorders, such as osteoporosis, Paget’s disease, 
rheumatoid arthritis, and especially cancer metastasis [12]. 
Over few decades, there have been lots of considerable efforts 
on elucidation of the regulatory roles of OCs in metastatic 
diseases that originate from multiple myeloma, prostate cancer, 
breast cancer, and/or lung cancer [13, 14]. In fact, many animal 
and clinical researches have indicated that OCs play a central 
role in strengthening the occurrence and progression of bone 
metastasis through a mechanism underlying the release of 
factors such as interleukin (IL)-1 and transforming growth 
factor-beta (TGF-β) that stimulate proliferation, differentiation 
and growth of metastatic cancer cells. On the other hand, 
metastatic cells also contribute towards bone resorption by 
releasing a cocktail of cytokines, such as IL-6, IL-8 and IL-

http://appliedcellbiology.com/


Manh Tien Tran2 Appl Cell Biol, S(001), 2021 [1-2]

Editorial

Signaling Pathways in Osteoclast-Driven Bone Metastases

11 that activate OC differentiation and maturation, thereby 
enhancing bone resorption [15]. As a result, OC has been 
proposed to be a pivotal regulator for the establishment and 
maintenance of metastatic foci in skeleton. 

The entry of cancer cells into the bone milieu initiates to 
create a complicated network of cell-cell contact. The minimal 
essential components are OBs, OCs, metastatic cells and the 
mineralized bone matrix. Metastatic cells produce a variety of 
growth factors, most significantly parathyroid hormone-related 
protein (PTHrP) [16]. The role of PTHrP in bone metastasis 
with cancer cells is not wholly understood. However, it is 
best characterized that PTHrP upregulates RANKL and 
downregulates osteoprotegerin (OPG), the latter is an OB-
secreted decoy receptor negatively regulating bone resorption 
[17]. In overall, growth factors [(TGF-β, vascular endothelial 
growth factor (VEGF), insulin-like growth factors (IGFs), and 
bone morphogenic proteins and fibroblasts-derived factors, 
Ca2+] that are released into the bone microenvironment enable 
tumor cells to survive, proliferate and produce more growth 
factors and more PTHrP, which subsequently perpetuating 
vicious cycle of bone metastasis. 

SuMMAry  
In summary, a thorough understanding of the mechanisms 
underlying OC-mediated regulation of survival, proliferation 
and progression of metastatic tumors in bone will profitably 
contribute to establishment of drug program development as 
well as discovery of therapeutic treatments for cancer patients 
with bone metastasis.   
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