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Abstract 

 
Bone is dynamic tissue which is continuously formed and absorbed by its own cells in response to stimuli 

such as hormones, mechanical loading and growth factors. Understanding the function of bone cells is important, not 
only in orthopedic field but also in research study involving bone. Bone cells work in harmony to maintain a balance 
between bone formation and resorption, ultimately to control bone structure and function. Osteoblasts are cells, 
which contribute to deposition of organic components of bone extracellular matrix. They control recruitment, 
differentiation and maturation of osteoclasts that participate in resorption activity. In addition, osteoclasts associated 
with bone resorption also express several factors that regulate osteoblast function. Osteocytes, the terminally 
differentiated osteoblasts, act as the mechano-sensors and modulate both osteoblast and osteoclast activity, and 
regulate mineral homeostasis in bone tissue and mineral concentration in the blood. Similarly, bone lining cells are 
thought to play a role in regulation of calcium and phosphate metabolism in bone tissue, and aid osteoclasts and 
osteoblasts in bone remodeling. 
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บทคัดย่อ 

หน้าที่ของเซลล์กระดูก  

Nguyen Hoai Nam 1,2   นฤพนธ์ คําพา 1 

กระดูกเป็นเนื้อเยื่อท่ีมีการเปลี่ยนแปลงตลอดเวลา ท้ังในรูปแบบการสร้างใหม่และการสลายทดแทนกัน  ซ่ึงเป็นการตอบสนองต่อ
การกระตุ้นท่ีกระทําต่อเซลล์กระดูกเองได้แก่ ฮอร์โมน  แรงที่มากระทําและปัจจัยท่ีส่งผลต่อการเจริญเติบโต การทําความเข้าใจเกี่ยวกับ
หน้าท่ีของเซลล์กระดูกมีความสําคัญ ไม่เพียงเกี่ยวข้องในเรื่องของงานทางออร์โธปิดิกส์  ยังรวมถึงงานวิจัยท่ีเกี่ยวข้องกับกระดูก  โดยท่ัวไป
เซลล์กระดูกจะทํางานประสานกันเพื่อให้การสร้างและการสลายทดแทนกันเป็นไปอย่างสมดุล เซลล์ออสติโอบลาสต์ (osteoblast) ทําหน้าท่ี
พาเอาแร่ธาตุเข้ามาเพื่อสร้างกระดูก และทําหน้าท่ีควบคุม รวบรวม แยกแยะ การเจริญเติบโตของเซลล์ออสติโอคลาสต์ (osteoclast) ซ่ึงเป็น
เซลล์สลายกระดูก  ขณะเดียวกันเซลล์ออสติโอคลาสต์หลั่งปัจจัยหลายอย่างท่ีควบคุมเซลล์ออสติโอบลาสต์เช่นกัน  ส่วนเซลลอ์อสตโิอไซดเ์ปน็
เซลล์ท่ีเจริญต่อมาจากออสติโอบลาสต์ และเป็นเซลล์กระดูกท่ีเจริญเต็มท่ีแล้ว ทําหน้าท่ีเหมือนตัวรับแรงสัมผัส และปรับการทํางานของเซลล์
ออสติโอบลาสต์และเซลล์ออสติโอคลาสต์ นอกจากนี้ยังทําหน้าท่ีควบคุมสมดุลของแร่ธาตุในร่างกายและในกระแสเลือด เช่นเดียวกันกับเซลล์ 
bone lining ซ่ึงมีส่วนสําคัญในการควบคุมเมตตาบอลิซ่ึมของแคลเซี่ยมและฟอตเฟต และควบคุมเซลล์ออสติโอบลาสต์และเซลล์ออสติโอ
คลาสต์ในการสร้างและสลายของกระดูก 

  

คําสําคัญ: bone lining cell เซลลอ์อสติโอบลาสต ์เซลล์ออสติโอคลาสต์  เซลล์ออสติโอไซด์  
1 ภาควิชาศัลยศาสตร์และวิทยาการสืบพันธุ์ คณะสัตวแพทยศาสตร์ มหาวิทยาลัยขอนแก่น จ. ขอนแก่น 40002 
2 Faculty of Veterinary Medicine, Hanoi University of Agriculture, Vietnam  
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Introduction 

 Bone has a number of functions including 
protection, movement, leverage, mineral storage, and 
a source of hematopoietic cells and stem cells (Boyce 
and Xing, 2007). Bone metabolism is dynamic with 
continuous bone formation and resorption (Kwan Tat 
et al., 2004). A balance of these two opposing activities 
guarantees microstructure and function of the bone. 
Osteoblasts secrete bone extracellular matrix which is 
subsequently mineralized to build strength and 
hardness. In contrast, osteoclasts produce acids and 
enzymes to destroy the bone matrix and the structure 
of bone tissue (Nakamura, 2007). Although they act in 
two opposing directions, these two cell types interact 
to harmonize and modulate bone remodeling. 
Osteoblasts express several factors to regulate the 
differentiation and activity of osteoclasts (Phan et al., 
2004). Conversely, osteoclasts also exert modulatory 
signals to control osteoblastogenesis (Karsdal and 
Henriksen, 2007). Moreover, these two cell types are 
ruled by osteocytes whose additional function is to 
maintain mineral equilibrium and to target distant 
organs such as kidney to adjust mineral excretion 
(Bonewald, 2011). Bone remodeling may also be aided 
by bone lining cells (Kim et al., 2012) which were 
thought to make a negligible contribution to the 
process (Nakamura, 2007). This review describes the 
functions of bone cells, the interaction between 
osteoblasts and osteoclasts, and the control 

mechanisms asserted by osteocytes. 

Osteoblasts Form Bone Matrix and Control 
Osteoclast Activity 

 Osteoblasts originate from multi-potential 
mesenchymal progenitors (Martin et al., 2011) and in 
metabolical active stage, osteoblasts are cuboidal and 
basophilic. However, they are flattened and less 
basophilic when resting (Samuelson, 2007). Their 
nuclei are located at the end of the cells where they 
are in contact with capillaries. Productive life of a 
lamellar osteoblast in human is about 3 months. Being 
specialized stromal cells, osteoblasts are exclusively 
responsible for the formation, deposition and 
mineralization of bone tissue (Phan et al., 2004). These 
cells secrete osteoid, the organic components of bone 
matrix, consisting of collagen and non-collagenous 
proteins such as glycoproteins and proteoglycans 
(Jubb et al., 2007). The organic bone matrix is 
subsequently mineralized by the deposition of 
calcium phosphate crystals and hydroxyapatite to 
create hardness and strength of the bone. Osteoblasts 
also produce several bone morphogenetic proteins 
(BMPs) and growth factors such as insulin-like 
growth factor (IGF), transforming growth factor-β 
(TGF-β), which are stored in the mineralized bone 
matrix (Nakamura, 2007). The fact that matrix 
metalloprotease-13 (MMP-13) is secreted by 
osteoblasts under regulation of parathyroid hormone 
suggests that these cells may also participate in 
degradation of collagen during bone resorption in 
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concert with osteoclasts (Nakamura, 2004; Nakamura 
et al., 2007). 

 Osteoblasts also regulate differentiation and 
the bone resorption activity of osteoclasts. Osteoblasts 
produce macrophage-colony stimulating factor (M-
CSF) that is indispensable for both proliferation of 
osteoclast progenitors and their differentiation into 
mature osteoclasts, enhancing osteoclastogenesis. 
Lacking M-CSF, mice have very few osteoclasts and 
develop osteopetrosis. The effect of M-CSF on 
osteoclasts seems to be phasic, since it is reported that 
M-CSF has negligible effect on the formation of 
osteoclasts and activity of mature osteoclasts, but it 
does influence the number of osteoclast progenitors. 
The secretion of M-CSF is up-regulated by the binding 
of parathyroid hormone to its receptor on the surface 
of osteoblasts. 

 Discovery of osteoprotegerin (OPG), a 
receptor activator of nuclear factor kappa-B ligand 
(RANKL) which is derived from osteoblasts, leads to 
further understanding of the mechanism of the cross-
communication between osteoblasts and osteoclasts 
(Boyle et al., 2003). RANKL is a trans-membrane 
protein on the surface of osteoblastic cells that binds 
to its own receptor, RANK, which is on the surface of 
both osteoclast progenitors and mature osteoclasts 
(Hsu et al., 1999). By expressing RANKL, osteoblasts 
can promote the formation of osteoclasts (Boyce and 
Xing, 2007). The expression of RANKL is induced by 
bone resorption stimulating factors such as 
1,25(OH)2D3, prostaglandin E2 (Singh et al., 2012), 
parathyroid hormone (Huang et al., 2004), and 
interleukin-1 (Nakamura, 2007). On the other hand, it 
can be down-regulated by estrogen  (Srivastava et al., 
2001). In contrast to the effect of RANKL, OPG 
protects the skeleton from excessive resorption by 
binding to RANKL, and thereby preventing it from 
binding to its receptor, RANK (Boyce and Xing, 2007). 
Collectively, the RANK/RANKL/OPG axis has a 
pivotal role in the control of osteoclastogenesis in 
which the RANKL/OPG ratio is an indispensable 
determinant of the formation of osteoclasts and bone 
resorption activity. The expression of OPG is up-
regulated by estrogen, TGF-β and BMPs (Nakamura, 
2007) and down-regulated by 1, 25(OH)2D3 (Horwood 
et al., 1998), while the osteoclast expression of RANK 
is induced by low intensity laser irradiation (Aihara et 
al., 2006). 

 Osteoblasts may control the osteoclast 
formation by other mechanisms. M-CSF expressed by 
osteoblasts binds to c-Fms receptors on the osteoclast 
surfaces (Suda et al., 1999). Interestingly, osteoblasts 
also produce interleukin-34 (IL-34), which is a ligand 
for c-Fms receptor (Lin et al., 2008). Similar to M-CSF, 
IL-34 promotes macrophage colony formation, but in 
a different way (Chihara et al., 2010). This cytokine is 
believed to involve in the differentiation of 
hematopoietic progenitor cells into quiescent 
osteoclast progenitors, which subsequently circulate 
to find bone and finally differentiate into osteoclasts 
(Yamashita et al., 2012). Osteoblasts can also secrete 
and express several other cytokines such as IL-1α 
(Lomri et al., 2001), IL-6, IL-8, IL-10 (Hyzy et al., 2012), 

IL-11 (Sakai et al., 1999), and tumor necrosis factor 
alpha (TNF-α). Almost all of these factors promote 
osteoclastogenesis, and all these mechanisms are 
RANKL-independent (Bendre et al., 2003; Kudo et al., 
2003), except IL-10, which inhibits the generation of 
osteoclasts (Evans and Fox, 2007). A series of bone 
morphogenetic proteins, i.e BMP2-9,15, are derived 
from osteoblasts as well (Suttapreyasri et al., 2006). 
BMP2, 4, 5, 6 are capable of promoting osteoclastic 
bone resorption (Kaneko et al., 2000; Wutzl et al., 
2006), whereas BMP7 inhibits osteoclast generation 
(Maurer et al., 2012). Recently, a protein named 
Wnt5a expressed by osteoblasts has been found to 
promote the expression of RANK in osteoclast 
precursors, thereby enhancing osteoclastogenesis 
(Maeda et al., 2012). By contrast, another product of 
osteoblasts, semaphorin-3A, is reported to suppress 
osteoclast differentiation by binding to neuropilin-1 
receptor and subsequently inhibiting the effect of 
RANKL (Hayashi et al., 2012). Thus, findings show 
that osteoblasts express several signals to control the 
formation of osteoclasts and the bone resorption 
activity. 

Osteoclasts Not Only Absorb Bone, But Also Control 
Osteoblast Activity 

 Osteoclasts are giant cells with acidophilic 
cytoplasma and 2 to 100 nuclei. It was thought that 
osteoclasts were the result of the fusion of osteoblasts 
as they can dissociate again into osteogenic 
precursors. However, it is now widely accepted that 
osteoclasts are derived from myeloid progenitors of 
the monocyte-macrophage lineage. Osteoclasts have a 
unique ultrastructure called “ruffled border”, which is 
a complex interfolded finger-like structure that helps 
the cells in move during their bone resorption activity. 
Adjacent to and surrounding the “ruffled border” is 
the “sealing zone”, where the plasma membrane of 
the osteoclasts comes very close to the bone surface to 
ensure attachment (Martin et al., 2011). The life 
expectancy of human osteoclasts is dependent of the 
location and need, and varies from about 10 days to 6 
weeks. 

 Osteoclasts are responsible for the bone 
resorption, and the differentiation and activity of 
osteoclasts are regulated by the expression of several 
factors by other bone cells. After being recruited, 
differentiated and mature, osteoclasts attach to the 
bone surface, and secrete lactic and citric acids to 
lower the pH and facilitate the dissolution of minerals 
in the bone matrix (Samuelson, 2007). The digestion of 
organic components of the bone matrix is conducted 
by lysosomal enzymes, i.e. cathepsin K and matrix 
metallopeptidase-9, which are in charge of 
degradation of collagen and gelatin, respectively 
(Nakamura, 2007). The inactivation of osteoclasts is 
attributed to calcitonin, a thyroid hormone which 
causes a decrease in the number of nuclei per 
osteoclast, the number of osteoclasts and the number 
of osteoclast progenitors (Jubb et al., 2007). This 
hormone also causes the destruction of actin 
filaments, the loss of clear zone, and the retraction of 
osteoblasts, and subsequent detachment of osteoclasts 
from the bone surface (Nakamura, 2007). 
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 In addition to functioning as bone absorbing 
cells, osteoclasts are also involved in the control of 
osteoblast activity. One reported that osteoclasts 
synthesize and secrete hepatocyte growth factor 
(HGF), which supports osteoblasts entering their cell 
cycle and stimulates DNA synthesis in osteoblasts. 
This growth factor also enhances osteoblast 
differentiation on the hydroxyapatite surface (Hossain 
et al., 2005). However, HGF is also expressed by 
osteoblasts (Taichman et al., 2001). Therefore, the 
effect of HGF, which is expressed by osteoclasts, on 
the osteoblasts. Phan et al. (2004), who suggested that 
HGF secreted by surrounding osteoblasts might be as 
important as osteoclasts. 

 Sclerostin produced by mouse osteoclasts is 
also reported to negatively regulate the bone 
formation by repressing the differentiation and/or 
function of osteoblasts (Kusu et al., 2003). Recently, 
Ota et al. (2012) also suggested that murine osteoclasts 
expressed sclerostin in quantities that may impair the 
bone formation in an age-dependent manner. 
Interestingly, the expression of sclerostin by 
osteoclasts in 24-month-old mice is significantly 
elevated in conditioned media than that by osteoclasts 
from 6-week-old mice. In human, by contrast, 
osteoclasts do not produce sclerostin (Winkler et al., 
2003), and that information in other species is yet to 
be identified. Therefore, the effect of osteoclasts on 
osteoblasts via osteoclast-derived sclerostin needs 
further examination, and the age of animals should be 
taken into consideration. 

 Karsdal et al. (2008) suggested that 
osteoclasts secreted signals that induce bone 
formation. They collected conditioned media from 
human osteoclasts cultured on bone and plastic to test 
their effects on bone nodule formation by osteoblasts. 
The results showed that both conditioned media 
promoted bone formation, whereas the non-
conditioned medium did not. More evidence 
concerning the interaction between osteoblasts and 
osteoclasts is now available since Zhao et al. 2006 
reported that the molecule ephrin B2 present on the 
surface of osteoclasts expressed anabolic signals to the 
osteoblasts by binding to corresponding EphB4 
receptors on the osteoblasts. The binding of ephrin B2 
to EphB4 not only enhances bone formation, but also 
inhibits bone resorption (Zhao et al., 2006). By 
contrast, platelet derived growth factor-BB (PDGF-BB) 
produced by osteoclasts inhibits osteoblastogenesis 
(Kubota et al., 2002). This mechanism was elucidated 
by a discovery that PDGF-BB binds to PDGF-BB-β 
receptor on the surface of osteoblasts (Sanchez-
Fernandez et al., 2008). In addition, osteoclasts 
positively modulate the osteoblast activity by 
producing BMP6, Wnt10b and sphingosine kinase-1 
(Pederson et al., 2008). 

Osteocyte Regulates Bone Remodeling and Mineral 
Homeostasis 

 Approximately 10-20% of osteoblasts are 
enclosed in the bone matrix, and become osteocytes 
(Franz-Odendaal et al., 2006). During this 
transformation time, there is substantial change in cell 
morphology. Nascent and mature osteocytes are 

about 30% and 70% volumetrically smaller than 
osteoblasts, respectively (Knothe Tate et al., 2004). 
Nascent osteocytes develop processes toward 
mineralization and subsequently towards vascularity 
when they are mature (Hekimsoy, 2008). Osteocytes 
are considered to be terminally differentiated and the 
most abundant cells in bone tissues. They have 
extremely large surface areas because of numerous 
cytoplasmic processes (Nakamura, 2007). Osteocytes 
of mature lamellar bone are flat or plump oval cells 
with more branching processes than those of woven 
bone. The life cycle of osteocytes can be up to 35 years 
in humans and many years in other animals (Jubb et 
al., 1993). The death of osteocytes is considered the 
consequence of senescence, degeneration, necrosis, 
apoptosis and/or osteoclastic engulfment (Knothe 
Tate et al., 2004). 

 Being the most abundant cells in bone 
tissues, osteocytes express various functions such as 
mechano-sensor, regulation of mineral metabolism, 
remodeling of perilacunar matrix and regulation of 
bone resorption and formation. The change in 
mechanical loading and PTH may result in the 
alteration of osteocyte activity, and modulation of 
bone resorption and formation. It is suggested that the 
mechanical loading imposes the interstitial fluid flow, 
which may deform osteocytes, their processes and 
cilia, and subsequently causes changes in cells activity 
(Hekimsoy, 2008). Consistently, Bonewald. (2006) 
proposed that osteocytes might sense the load 
through cell body processes and celia. Mechanical 
loading stimulates dentin matrix protein 1 (DMP1) 
expression in osteocytes in vivo, resulting in alteration 
of the osteocyte matrix microenvironment by 
inducing formation of osteopontin, bone sialoprotein, 
etc. (Gluhak-Heinrich et al., 2003). Moreover, loading 
causes the release of nitric oxide, ATP, prostaglandin 
E2, and promotion of dendritic elongation (Bonewald, 
2011). Furthermore, unloading up-regulates the 
expression of sclerostin from osteocytes (Kogianni et 
al., 2008), whereas PTH down-regulates (O'Brien et 
al., 2008). Similarly, osteocyte gene expression of Sost, 
which encodes sclerostin, is changed due to the 
change of mechanical loading (Robling et al., 2008). 

 Osteocytes may regulate phosphate 
homeostasis and mineralization. The mechanism in 
which osteocytes modulate mineral homeostasis is 
thought to be conducted through expressing their 
molecular products such as DMP1, fibroblast growth 
factor-23 (FGF-23), phosphate regulating neutral 
endopeptidase on chromosome X (PHEX) and matrix 
extracellular phosphoglycoprotein (MEPE) 
(Bonewald, 2007; Gluhak-Heinrich et al., 2007). DMP1 
is pivotal for the normal osteocyte activity and 
mineralization since the absence of this protein causes 
defective osteocyte maturation and increased FGF-23 
expression, leading to excessive excretion of 
phosphate in the kidney. In human and many animal 
species, rickets and osteomalacia, which are typically 
featured with soft bone and defective mineralization, 
are widely known as the cause of vitamin D 
deficiency (Dittmer and Thompson, 2011). In mice, 
these diseases are found in individuals who lack 
DMP1 (Feng et al., 2006). Increases in MEPE 



Nam N.H. & Kampa N. / Thai J Vet Med. 2013. 43(3): 329-336.     333 

 

expression result in the degradation of bone 
extracellular matrix and hypophosphatemia, which is 
due to phosphaturia (David et al., 2010). PHEX 
deficiency is necessary for the expression of FGF-23 
and MEPE (Liu, 2006; David, 2009). In addition, 
healthy osteocytes are responsible for removal and 
replacement of the perilacunar matrix and potentially 
play a role in mineral homeostasis (Bonewald, 2011). 
Based on these observations, Bonewald (2011) 
proposed that the osteocyte network functioned as an 
endocrine system that acted beyond the bone tissues, 
targeting distant organs such as kidney. 

 Osteocytes can modulate both bone 
resorption and formation through their effects on 
osteoblasts and osteoclasts. Conditioned medium 
(CM) from osteocytes stimulates the proliferation of 
bone marrow stem cells and their differentiation into 
osteoblasts (Heino et al., 2004). Under physical 
contact, which is a prerequisite, osteocytes exposed to 
this fluid shear rapidly increase alkaline phosphatase 
activity of osteoblasts (Taylor et al., 2007). 
Furthermore, osteocytes produce low-density 
lipoprotein receptor related protein-5 (LRP-5) and 
LRP-6 in which the former protein promotes 
increased bone mass by enhancing osteoblast 
differentiation (Cui et al., 2011). In contrast, the latter 
protein inhibits RANKL expression, resulting in 
decreased osteoclastogenesis and bone resorption 
(Kubota et al., 2008). It is hypothesized that the 
expression of LRP-5 is inversely mediated by 
hormone serotonin since patients with a high bone 
mass phenotype due to the activation of a LRP-5 gene 
mutation have low plasma serotonin levels (Frost et 
al., 2010). By contrast, PTH signaling up-regulates the 
LRP-5 expression in osteocytes, and thereby 
increasing the osteoblast number and bone mass 
(O'Brien et al., 2008). 

 Osteocytes support the formation and 
activation of osteoclasts through the expression of 
large amounts of M-CSF and RANKL. Moreover, the 
RANKL/OPG ratio expressed by osteocytes is greater 
than those by osteoblasts and stromal cells (Zhao et 
al., 2002). On the other hand, osteocytes also produce 
TGF-β to inhibit osteoclastic bone resorption, and the 
expression of TGF-β is elevated if the osteocytes are 
treated with estradiol 17-β (Heino et al., 2002). 

 Osteocytes also modulate bone remodeling 
through expression of osteoprotegerin (OPG) and 
sclerostin. OPG expression in osteocytes is stimulated 
by mechanical loading (Terai et al., 1999). Down-
regulation of OPG is in parallel with the depletion of 
Wnt/β-catein in osteocytes, and thereby predisposing 
individuals to porous bone (Kramer et al., 2010). In 
contrast to OPG, which inhibits bone resorption, 
sclerostin produced by osteocytes inhibits bone 
formation (Poole et al., 2005). It is believed that 
sclerostin reduces the lifespan of osteoblasts by 
stimulating apoptosis (Sutherland et al., 2004). The 
effect of sclerostin on bone resorption is controversial. 
Li et al. (2008) reported that sclerostin had no effect on 
bone resorption. However, recently it has been 
denoted that sclerostin also promotes osteoclast 
formation (Wijenayaka et al., 2011). Its expression by 

osteocytes is reduced by mechanical stimulation 
(Robling et al., 2008) and parathyroid hormone 
(Bellido et al., 2005), and is stimulated by calcitonin 
(Gooi et al., 2010). In addition, sclerostin and 
Dickkopf-related protein-1 (Dkk1), which is also 
expressed by osteocytes, are two negative regulators 
of Wnt/β-catein pathway (Bonewald, 2011). 

 Apoptotic osteocytes express apoptotic 
bodies that are responsible for initiating the 
osteoclastic bone resorption on quiescent bone 
surfaces. Unlike the case of healthy osteocytes, the 
mechanism in which the apoptotic osteocytes increase 
osteoclastogenesis is independent of the 
RANK/RANKL/OPG axis because the addition of 
OPG does not influence the osteoclastogeneic activity 
of apoptotic osteocytes (Kogianni et al., 2008). 

Bone Lining Cells Aid Osteoclasts and Osteoblasts in 
Bone Remodeling 

 Bone lining cells (BLCs) are flattened in 
shape, with few cell organelles. With this 
morphological feature, BLCs are believed to have little 
or no involvement in bone formation (Nakamura, 
2007). However, these cells are found to contribute to 
the bone remodeling, and to affect the concentration 
of minerals in blood and bone tissues. It is observed 
that mechanical loading stimulates bone formation by 
reactivation of BLCs to become active osteoblasts. 
Similarly, BLCs can be reactivated by intermittent 
treatment of parathyroid hormone (PTH) (Kim et al., 
2012). The increase in bone formation with PTH 
treatment is not associated with cell proliferation, but 
most likely due to activation of preexisting quiescent 
BLCs to osteoblasts. PTH and calcitonin directly 
target BLCs, influencing Ca : PO4 ratios in 
mitochondria, suggesting that these two hormones act 
on BLCs to modulate mineral concentrations of blood 
and temporary storage of calcium at bone surfaces.  

 These cells are believed to participate in the 
bone resorption activity, thereby being partly 
responsible for the bone remodeling. Before the 
osteoclastic activity, BLCs digest non-mineralized 
collagen protruding from bone surfaces. Moreover, 
bone resorption by osteoclasts is not completed, and 
these cells leave remnants of demineralized non-
digested bone collagens behind after their 
withdrawal. In their turn, BLCs digest collagens left 
by osteoclasts in the resorption lacunae. Interestingly, 
they further form a cement line and deposit a thin 
layer of fibrillar collagen on the cleaned bone surfaces 
that may facilitate the subsequent osteoblast activity 
(Everts et al., 2002). 

Conclusions 
 Mutual interaction among bone cells is 
strongly evident from this review. Osteoblasts control 
the differentiation and bone resorption activity of 
osteoclasts via several mechanisms in which 
RANK\RANKL\OPG axis is prevalent and 
dominant. In addition, many other factors such as M-
CSF, Wnt5a, semaphorin 3A, ILs and BMPs also 
express their effects on osteoclasts either directly or 
indirectly. The expressions of ephrin B2 and PDGF-BB 
in osteoclasts, and the discovery of EphB4 and PDGF-
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BB receptors in osteoblasts are undeniable evidence 
which proves that osteoclasts express signals to 
regulate the osteoblastogenesis and bone formation. 
In response to mechanical loading, PTH, 1, 25(OH)2D3 
and estrogen, osteocytes produce several factors to 
modulate bone formation and resorption, 
mineralization of the bone matrix, and mineral 
homeostasis in bone tissues. Bone lining cells aid both 
osteoclasts and osteoblasts in bone remodeling by 
absorbing remnants left by osteoclasts in the bone 
lacunae and secreting cement lines and fibrillar 
collagens to facilitate osteoblasts deposition and bone 
formation. Though various findings have partly 
explained the communication among bone cells, other 
mechanisms are believed to exist and in need of 
elucidation. Collectively, bone cells work in harmony, 
and mutually interact to ensure the balance between 
bone formation and bone resorption. 

Acknowledgement  

 The authors thank Dr. Frank F. Mallory for 
reviewing the manuscript. The PhD study program is 
granted by Ministry of Education and Training, 
Vietnamese Government. 

References 
Aihara N, Yamaguchi M and Kasai K. 2006. Low-

energy irradiation stimulates formation of 
osteoclast-like cells via RANK expression in vitro. 
Lasers Med Sci. 21(1): 24-33. 

Bellido T, Ali AA, Gubrij I, Plotkin LI, Fu Q, O'Brien C 
A, Manolagas SC and Jilka RL. 2005. Chronic 
elevation of parathyroid hormone in mice 
reduces expression of sclerostin by osteocytes: A 
novel mechanism for hormonal control of 
osteoblastogenesis. Endocrinology. 146(11): 4577-
4583. 

Bendre MS, Montague DC, Peery T, Akel NS, Gaddy 
D and Suva LJ. 2003. Interleukin-8 stimulation of 
osteoclastogenesis and bone resorption is a 
mechanism for the increased osteolysis of 
metastatic bone disease. Bone. 33(1): 28-37. 

Bonewald LF. 2006. Mechanosensation and 
transduction in osteocytes. Bonekey Osteovision. 
3(10): 7-15. 

Bonewald LF. 2007. Osteocytes as dynamic 
multifunctional cells. Ann N Y Acad Sc. 1116(1): 
281-290. 

Bonewald LF. 2011. The amazing osteocyte. J Bone 
Miner Res. 26(2): 229-238. 

Boyce BF and Xing L. 2007. Biology of RANK, 
RANKL, and osteoprotegerin. Arthritis Res Ther. 
9 Suppl 1 (S1). 

Boyle WJ, Simonet WS, and Lacey DL. 2003. 
Osteoclast differentiation and activation. Nature. 
423(6937): 337-342. 

Chihara T, Suzu S, Hassan R, Chutiwitoonchai N, 
Hiyoshi M, Motoyoshi K, Kimura F and Okada 
S. 2010. IL-34 and M-CSF share the receptor Fms 
but are not identical in biological activity and 
signal activation. Cell Death Differ. 17(12): 1917-
1927. 

Cui Y, Niziolek PJ, MacDonald BT, Zylstra CR, 
Alenina N, Robinson DR, Zhong Z, Matthes S, 
Jacobsen CM, Conlon RA, Brommage R, Liu Q, 
Mseeh F, Powell DR, Yang QM, Zambrowicz B, 
Gerrits H, Gossen JA, He X, Bader M, Williams 
BO, Warman ML and Robling AG. 2011. Lrp5 
functions in bone to regulate bone mass. Nat 
Med. 17(6): 684-691. 

David V, Martin A, Hedge AM and Rowe PS. 2010. 
Matrix extracellular phosphoglycoprotein 
(MEPE) is a new bone renal hormone and 
vascularization modulator. Endocrinology. 150 
(9): 4012-4023. 

Dittmer KE and Thompson KG. 2011. Vitamin D 
metabolism and rickets in domestic animals: A 
review. Vet Pathol. 48(2): 389-407. 

Evans KE and Fox SW. 2007. Interleukin-10 inhibits 
osteoclastogenesis by reducing NFATc1 
expression and preventing its translocation to 
the nucleus. BMC Cell Biol. 8: 4. 

Everts V, Delaisse JM, Korper W, Jansen DC, 
Tigchelaar-Gutter W, Saftig P and Beertsen W. 
2002. The bone lining cell: Its role in cleaning 
Howship's lacunae and initiating bone 
formation. J Bone Miner Res. 17(1): 77-90. 

Feng JQ, Ward LM, Liu S, Lu Y, Xie Y, Yuan B, Yu X, 
Rauch F, Davis SI, Zhang S, Rios H, Drezner M 
K, Quarles LD, Bonewald LF and White KE. 
2006. Loss of DMP1 causes rickets and 
osteomalacia and identifies a role for osteocytes 
in mineral metabolism. Nat Genet. 38(11): 1310-
1315. 

Franz-Odendaal TA, Hall BK and Witten PE. 2006. 
Buried alive: How osteoblasts become 
osteocytes. Dev Dyn. 235(1): 176-190. 

Frost M, Andersen TE, Yadav V, Brixen K, Karsenty G 
and Kassem M. 2010. Patients with high-bone-
mass phenotype owing to Lrp5-T253I mutation 
have low plasma levels of serotonin. J Bone 
Miner Res. 25(3): 673-675. 

Gluhak-Heinrich J, Pavlin D, Yang W, MacDougall M 
and Harris SE. 2007. MEPE expression in 
osteocytes during orthodontic tooth movement. 
Arch Oral Biol. 52(7): 684-690. 

Gluhak-Heinrich J, Ye L, Bonewald LF, Feng JQ, 
MacDougall M, Harris SE and Pavlin D. 2003. 
Mechanical loading stimulates dentin matrix 
protein 1 (DMP1) expression in osteocytes in 
vivo. J Bone Miner Res. 18(5): 807-817. 

Gooi JH, Pompolo S, Karsdal MA, Kulkarni NH, 
Kalajzic I, McAhren SH, Han B, Onyia JE, Ho 
PW, Gillespie MT, Walsh NC, Chia LY, Quinn 
JM, Martin TJ and Sims NA. 2010. Calcitonin 
impairs the anabolic effect of PTH in young rats 
and stimulates expression of sclerostin by 
osteocytes. Bone. 46(6): 1486-1497. 

Hayashi M, Nakashima T, Taniguchi M, Kodama T, 
Kumanogoh A and Takayanagi H. 2012. 
Osteoprotection by semaphorin 3A. Nature. 
485(7396): 69-74. 

Heino TJ, Hentunen TA and Väänänen HK. 2004. 
Conditioned medium from osteocytes stimulates 
the proliferation of bone marrow mesenchymal 
stem cells and their differentiation into 
osteoblasts. Exp Cell Res. 294(2): 458-468. 



Nam N.H. & Kampa N. / Thai J Vet Med. 2013. 43(3): 329-336.     335 

 

Heino TJ, Hentunen TA and Väänänen HK. 2002. 
Osteocytes inhibit osteoclastic bone resorption 
through transforming growth factor-β: 
Enhancement by estrogen. J Cell Biochem. 85(1): 
185-197. 

Hekimsoy Z. 2008. Osteocyte the known and 
unknown. Turk Jem. 12: 23-27. 

Hossain M, Irwin R, Baumann MJ, and McCabe LR. 
2005. Hepatocyte growth factor (HGF) 
adsorption kinetics and enhancement of 
osteoblast differentiation on hydroxyapatite 
surfaces. Biomaterials. 26(15): 2595-2602. 

Hsu H, Lacey DL, Dunstan CR, Solovyev I, 
Colombero A, Timms E, Tan HL, Elliott G, 
Kelley MJ, Sarosi I, Wang L, Xia XZ, Elliott R, 
Chiu L, Black T, Scully S, Capparelli C, Morony 
S, Shimamoto G, Bass MB and Boyle WJ. 1999. 
Tumor necrosis factor receptor family member 
RANK mediates osteoclast differentiation and 
activation induced by osteoprotegerin ligand. 
Proc Natl Acad Sci USA. 96(7): 3540-3545.  

Huang JC, Sakata T, Pfleger LL, Bencsik M, Halloran 
BP, Bikle DD and Nissenson RA. 2004. PTH 
differentially regulates expression of RANKL 
and OPG. J Bone Miner Res. 19(2): 235-244. 

Hyzy SL, Olivares-Navarrete R, Hutton DL, Tan C, 
Boyan BD and Schwartz Z. 2012. 
Microstructured titanium regulates interleukin 
production by osteoblasts, an effect modulated 
by exogenous BMP-2. Acta Biomaterialia. 9(3): 
5821-5829. 

Jubb KVF, Kennedy PC and Palmer N. 2007. 
Pathology of domestic animals. Vol 1. 5th ed. 
Elsevier Saunders. 899 pp. 

Kaneko H, Arakawa T, Mano H, Kaneda T, 
Ogasawara A, Nakagawa M, Toyama Y, Yabe Y, 
Kumegawa M and Hakeda Y. 2000. Direct 
stimulation of osteoclastic bone resorption by 
bone morphogenetic protein (BMP)-2 and 
expression of BMP receptors in mature 
osteoclasts. Bone. 27(4): 479-486. 

Karsdal MA and Henriksen K. 2007. Osteoclasts 
control osteoblast activity. IBMS Bone Key. 4(1): 
19-24. 

Karsdal MA, Neutzsky-Wulff AV, Dziegiel MH, 
Christiansen C and Henriksen K. 2008. 
Osteoclasts secrete non-bone derived signals that 
induce bone formation. Biochem Biophys Res 
Commun. 366(2): 483-488. 

Kim SW, Pajevic PD, Selig M, Barry K J, Yang JY, Shin 
CS, Baek WY, Kim JE and Kronenberg HM. 2012. 
Intermittent parathyroid hormone 
administration converts quiescent lining cells to 
active osteoblasts. J Bone Miner Res. 27(10): 2075-
2084. 

Knothe Tate ML, Adamson JR, Tami AE and Bauer 
TW. 2004. The osteocyte. Int J Biochem Cell Biol. 
36(1): 1-8. 

Kogianni G, Mann V and Noble BS. 2008. Apoptotic 
bodies convey activity capable of initiating 
osteoclastogenesis and localized bone 
destruction. J Bone Miner Res. 23(6): 915-927. 

Kramer I, Halleux C, Keller H, Pegurri M, Gooi JH, 
Weber PB, Feng JQ, Bonewald LF and Kneissel 
M. 2010. Osteocyte Wnt/beta-catenin signaling is 

required for normal bone homeostasis. Mol Cell 
Biol. 30(12): 3071-3085. 

Kubota K, Sakikawa C, Katsumata M, Nakamura T 
and Wakabayashi K. 2002. Platelet-derived 
growth factor BB secreted from osteoclasts acts 
as an osteoblastogenesis  inhibitory factor. J Bone 
Miner Res. 17(2): 257-265. 

Kubota T, Michigami T, Sakaguchi N, Kokubu C, 
Suzuki A, Namba N, Sakai N, Nakajima S, Imai 
K and Ozono K. 2008. Lrp6 hypomorphic 
mutation affects bone mass through bone 
resorption in mice and impairs interaction with 
Mesd. J Bone Miner Res. 23(10): 1661-1671. 

Kudo O, Sabokbar A, Pocock A, Itonaga I, Fujikawa Y 
and Athanasou NA. 2003. Interleukin-6 and 
interleukin-11 support human osteoclast 
formation by a RANKL-independent 
mechanism. Bone. 32(1): 1-7. 

Kusu N, Laurikkala J, Imanishi M, Usui H, Konishi M, 
Miyake A, Thesleff I and Itoh N. 2003. Sclerostin 
is a novel secreted osteoclast-derived bone 
morphogenetic protein antagonist with unique 
ligand specificity. J Biol Chem. 278(26): 24113-
24117. 

Kwan Tat S, Padrines M, Theoleyre S, Heymann D 
and Fortun Y. 2004. IL-6, RANKL, TNF-
alpha/IL-1: interrelations in bone resorption 
pathophysiology. Cytokine Growth Factor Rev. 
15(1): 49-60. 

Li X, Ominsky MS, Niu QT, Sun N, Daugherty B, 
D'Agostin D, Kurahara C, Gao Y, Cao J, Gong J, 
Asuncion F, Barrero M, Warmington K, Dwyer 
D, Stolina M, Morony S, Sarosi I, Kostenuik PJ, 
Lacey DL, Simonet WS, Ke HZ and Paszty C. 
2008. Targeted deletion of the sclerostin gene in 
mice results in increased bone formation and 
bone strength. J Bone Miner Res. 23(6): 860-869. 

Lin H, Lee E, Hestir K, Leo C, Huang M, Bosch E, 
Halenbeck R, Wu G, Zhou A, Behrens D, 
Hollenbaugh D, Linnemann T, Qin M, Wong J, 
Chu K, Doberstein SK and Williams LT. 2008. 
Discovery of a cytokine and its receptor by 
functional screening of the extracellular 
proteome. Science. 320(5877): 807-811. 

Lomri A, Lemonnier J, Delannoy P and Marie PJ. 
2001. Increased expression of protein kinase Cα, 
interleukin-1α, and rhoA guanosine 5′-
triphosphatase in osteoblasts expressing the 
ser252Trp fibroblast growth factor 2 apert 
mutation: Identification by analysis of 
complementary DNA microarray. J Bone Miner 
Res. 16(4): 705-712. 

Maeda K, Kobayashi Y, Udagawa N, Uehara S, 
Ishihara A, Mizoguchi T, Kikuchi Y, Takada I, 
Kato S, Kani S, Nishita M, Marumo K, Martin T J, 
Minami Y and Takahashi N. 2012. Wnt5a-Ror2 
signaling between osteoblast-lineage cells and 
osteoclast precursors enhances 
osteoclastogenesis. Nat Med. 18(3): 405-412. 

Martin TJ, Sims NA, Quinn JMW, Joseph L, Yongwon 
C, Mark H and Hiroshi T 2011. Interactions 
Among Osteoblasts, Osteoclasts, and Other Cells 
in Bone. In: Osteoimmunology. San Diego: 
Academic Press.  227-267 



336                            Nam N.H. & Kampa N. / Thai J Vet Med. 2013. 43(3): 329-336. 

 

Maurer T, Zimmermann G, Maurer S, Stegmaier S, 
Wagner C and HÃ¤nsch G M. 2012. Inhibition of 
osteoclast generation: A novel function of the 
bone morphogenetic protein 7/osteogenic 
protein 1. Mediators  Inflamm. 2012: 171-209. 

Nakamura H. 2007. Morphology, function, and 
differentiation of bone cells. J Hard Tissue Biol. 
16(1): 15-22. 

Nakamura H, Sato G, Hirata A and Yamamoto T. 
2004. Immunolocalization of matrix 
metalloproteinase-13 on bone surface under 
osteoclasts in rat tibia. Bone. 34(1): 48-56. 

O'Brien CA, Plotkin LI, Galli C, Goellner JJ, Gortazar 
AR, Allen MR, Robling AG, Bouxsein M, 
Schipani E, Turner CH, Jilka RL, Weinstein RS, 
Manolagas SC and Bellido T. 2008. Control of 
bone mass and remodeling by PTH receptor 
signaling in osteocytes. PLoS One. 3(8): e2942. 

Ota K, Quint P, Ruan M, Pederson L, Westendorf J J, 
Khosla S and Oursler MJ. 2012. Sclerostin is 
expressed in osteoclasts from aged mice and 
reduces osteoclast-mediated stimulation of 
mineralization. J Cell Biochem. 114(8): 1901-1907. 

Pederson L, Ruan M, Westendorf JJ, Khosla S and 
Oursler MJ. 2008. Regulation of bone formation 
by osteoclasts involves Wnt/BMP signaling and 
the chemokine sphingosine-1-phosphate. Proc 
Natl Acad Sci USA. 105(52): 20764-20769. 

Phan TC, Xu J and Zheng MH. 2004. Interaction 
between osteoblast and osteoclast: impact in 
bone disease. Histol Histopathol. 19(4): 1325-
1344. 

Poole KE, van Bezooijen RL, Loveridge N, Hamersma 
H, Papapoulos SE, Lowik CW and Reeve J. 2005. 
Sclerostin is a delayed secreted product of 
osteocytes that inhibits bone formation. FASEB J. 
19(13): 1842-1844. 

Robling AG, Niziolek PJ, Baldridge LA, Condon KW, 
Allen MR, Alam I, Mantila SM, Gluhak-Heinrich 
J, Bellido TM, Harris SE and Turner CH. 2008. 
Mechanical stimulation of bone in vivo reduces 
osteocyte expression of sost/sclerostin. J Biol 
Chem. 283(9): 5866-5875. 

Sakai K, Mohtai M, Shida J, Harimaya K, Benvenuti S, 
Brandi ML, Kukita T and Iwamoto Y. 1999. Fluid 
shear stress increases interleukin-11 expression 
in human osteoblast-like cells: its role in 
osteoclast induction. J Bone Miner Res. 14(12): 
2089-2098. 

Samuelson DA 2007. Cartilage and Bone. In: Textbook 
of Veterinary Histology.  Saunders Elsevier. Inc. 
100-129 

Sanchez-Fernandez MA, Gallois A, Riedl T, Jurdic P, 
and Hoflack B. 2008. Osteoclasts control 
osteoblast chemotaxis via PDGF-BB/PDGF 
receptor beta signaling. PLoS One. 3(10): e3537. 

Singh PP, van der Kraan AGJ, Xu J, Gillespie MT and 
Quinn JMW. 2012. Membrane-bound receptor 
activator of NFkB ligand (RANKL) activity 
displayed by osteoblasts is differentially 
regulated by osteolytic factors. Biochem Biophys 
Res Commun. 422(1): 48-53. 

Srivastava S, Toraldo G, Weitzmann MN, Cenci S, 
Ross FP, and Pacifici R. 2001. Estrogen decreases 
osteoclast formation by down-regulating 

receptor activator of NF-kB ligand (RANKL)-
induced JNK activation. J Biol Chem. 276(12): 
8836-8840. 

Suda T, Takahashi N, Udagawa N, Jimi E, Gillespie M 
T and Martin TJ. 1999. Modulation of osteoclast 
differentiation and function by the new members 
of the tumor necrosis factor receptor and ligand 
families. Endocr Rev. 20(3): 345-357. 

Sutherland MK, Geoghegan JC, Yu C, Turcott E, 
Skonier JE, Winkler DG and Latham J A. 2004. 
Sclerostin promotes the apoptosis of human 
osteoblastic cells: A novel regulation of bone 
formation. Bone. 35(4): 828-835. 

Suttapreyasri S, Koontongkaew S, Phongdara A, and 
Leggat U. 2006. Expression of bone 
morphogenetic proteins in normal human 
intramembranous and endochondral bones. Int J 
Oral Maxillofac Surg. 35(5): 444-452. 

Taichman RS, Reilly MJ, Verma RS, Ehrenman K and 
Emerson SG. 2001. Hepatocyte growth factor is 
secreted by osteoblasts and cooperatively 
permits the survival of hematopoietic 
progenitors. Br J Haematol. 112(2): 438-448. 

Taylor AF, Saunders MM, Shingle DL, Cimbala JM, 
Zhou Z, and Donahue HJ. 2007. Mechanically 
stimulated osteocytes regulate osteoblastic 
activity via gap junctions. Am J Physiol Cell 
Physiol. 292(1): C545-552. 

Terai K, Takano-Yamamoto T, Ohba Y, Hiura K, 
Sugimoto M, Sato M, Kawahata H, Inaguma N, 
Kitamura Y and Nomura S. 1999. Role of 
osteopontin in bone remodeling caused by 
mechanical stress. J Bone Miner Res. 14(6): 839-
849. 

Wijenayaka AR, Kogawa M, Lim HP, Bonewald LF, 
Findlay DM, and Atkins GJ. 2011. Sclerostin 
stimulates osteocyte support of osteoclast 
activity by a RANKL-dependent pathway. PLoS 
One. 6(10): e25900. 

Winkler DG, Sutherland MK, Geoghegan JC, Yu C, 
Hayes T, Skonier JE, Shpektor D, Jonas M, 
Kovacevich BR, Staehling-Hampton K, Appleby 
M, Brunkow ME, and Latham JA. 2003. 
Osteocyte control of bone formation via 
sclerostin, a novel BMP antagonist. Embo J. 
22(23): 6267-6276. 

Wutzl A, Brozek W, Lernbass I, Rauner M, Hofbauer 
G, Schopper C, Watzinger F, Peterlik M and 
Pietschmann P. 2006. Bone morphogenetic 
proteins 5 and 6 stimulate osteoclast generation. 
J Biomed Mater Res A. 77A(1): 75-83. 

Yamashita T, Takahashi N and Udagawa N. 2012. 
New roles of osteoblasts involved in osteoclast 
differentiation. World J Orthop. 3(11): 175-181. 

Zhao C, Irie N, Takada Y, Shimoda K, Miyamoto T, 
Nishiwaki T, Suda T, and Matsuo K. 2006. 
Bidirectional ephrinB2-EphB4 signaling controls 
bone homeostasis. Cell Metab. 4(2): 111-121. 

Zhao S, Zhang YK, Harris S, Ahuja SS and Bonewald 
L F. 2002. MLO-Y4 osteocyte-like cells support 
osteoclast formation and activation. J Bone Miner 
Res. 17(11): 2068-2079. 




