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Obatoclax, a pan-Bcl2 inhibitor, shows antitumor activities 
in various solid malignancies. Bcl2-deficient mice have 
shown the importance of Bcl2 in osteoclasts, as the bone 
mass of the mice was increased by the induced apoptosis 
of osteoclasts. Despite the importance of Bcl2, the effects 
of obatoclax on the proliferation and differentiation of os-
teoclast precursors have not been studied extensively. 
Here, we describe the anti-proliferative effects of obatoclax 
on osteoclast precursors and its negative role on fusion of 
the cells. Stimulation with low doses of obatoclax signifi-
cantly suppressed the proliferation of osteoclast precur-
sors in a dose-dependent manner while the apoptosis was 
markedly increased. Its stimulation was sufficient to block 
the activation of ERK MAP kinase by RANKL. The same 
was true when PD98059, an ERK inhibitor, was adminis-
tered to osteoclast precursors. The activation of JNK1/2 
and p38 MAP kinase, necessary for osteoclast differentia-
tion, by RANKL was not affected by obatoclax. Interesting-
ly, whereas the number of TRAP-positive mononuclear 
cells was increased by both obatoclax and PD98059, fused, 
multinucleated cells larger than 100 μm in diameter con-
taining more than 20 nuclei were completely reduced. 
Consistently, obatoclax failed to regulate the expression of 
osteoclast marker genes, including c-Fos, TRAP, RANK 
and CtsK. Instead, the expression of DC-STAMP and 
Atp6v0d2, genes that regulate osteoclast fusion, by 
RANKL was significantly abrogated by both obatoclax and 
PD98059. Taken together, these results suggest that 
obatoclax down-regulates the proliferation and fusion of 
osteoclast precursors through the inhibition of the ERK1/2 
MAP kinase pathway.  
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INTRODUCTION 
 
Bone undergoes a remodeling process that is efficiently con-
trolled by the functional balance of bone formation by osteo-
blasts and destruction of mineralized bone matrix by osteo-
clasts (Harada and Rodan, 2003; Teitelbaum, 2000). While 
osteoblasts are derived from a mesenchymal lineage, osteo-
clasts are from hemopoietic progenitors of the mono-
cyte/macrophage lineage (Harada and Rodan, 2003; 
Teitelbaum, 2000). The binding of receptor activator of nuclear 
factor-κB (NF-κB) ligand (RANKL) to its receptor, RANK, on 
osteoclast precursors is critical for osteoclast differentiation 
(Anderson et al., 1997; Wong et al., 1997). The elevation in 
numbers and/or activity of osteoclasts causes bone-related 
diseases such as Paget’s disease, osteoporosis and lytic bone 
metastasis (Boyle et al., 2003; Rodan and Martin, 2000). 

The activation of RANK by RANKL leads to distinct signaling 
cascades mediated by c-Jun N-terminal Kinase 1/2 (JNK1/2), 
p38 and extracellular signal-regulated kinase 1/2 (ERK1/2) 
MAP kinases regulated by the activation of MEK1 in osteoclast 
precursors, which are critical for RANKL-induced osteoclast 
differentiation (Boyle et al., 2003; David et al., 2002; Li et al., 
2002; Wei et al., 2002). In particular, the ERK1/2 MAP kinase 
pathway is involved in the proliferation of a variety of cell types 
(Yang et al., 2010). p38 MAP kinase activation results in the 
downstream expressional activation of several osteoclast 
marker genes, c-Fos, tartrate-resistant acid phosphatase 
(TRAP, encoded by Acp5) and cathepsin K (CtsK) during dif-
ferentiation (Li et al., 2002; Mansky et al., 2002).  

For the maturation of osteoclasts and for their bone-resorbing 
function, osteoclast precursors become from mononuclear cells 
to matured, multinucleated cells through a cell-cell fusion pro-
cess (Blare, 1998; Vignery, 2000). Molecules participating in 
the fusion can be divided into two types: RANKL-independent 
molecules and RANKL-dependent molecules (Xing et al., 2012; 
Zhang et al., 2014). Whereas CD44 and TREM2 are not regu-
lated by RANKL (de Vries et al., 2005; Kukita et al., 2004; Xing 
et al., 2012), CD9/CD81, ATP6v0d2, and DC-STAMP have 
been shown to be regulated by it (Kim et al., 2008; Kukita et al., 
2004; Ishii et al., 2006). 

Dendritic cell-specific transmembrane protein (DC-STAMP) 
and the d2 isoform of vacuolar (H+) ATPase (v-ATPase) Vo 
domain (Atp6v0d2) are known to be key regulators for osteo-
clast maturation, and the deficiency of DC-STAMP or Atp6v0d2 
leads to osteopetrosis in mice (Kim et al., 2008; Kukita et al.,
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2004; Lee et al., 2006). Dendritic cell-specific transmembrane 
protein (DC-STAMP), discovered in human dendritic cells 
(DCs), is preferentially expressed in osteoclasts rather than 
DCs and macrophages (Hartgers et al., 2000; Kukita et al., 
2004; Rho et al., 2002; Staege et al., 2001; Yagi et al., 2005). 
Multiple isoforms of some subunits in V-ATPase, including B, C, 
E, and G of V1 and a and d of V0, have been identified in vari-
ous tissues and cell types (Lee et al., 2006; Nishi et al., 2003; 
Wu et al., 2009). A 38-kDa protein, Atp6v0d2 (d2), has been 
found to be expressed in various mammalian tissues and is the 
most abundant in osteoclasts (Nishi et al., 2003; Wu et al., 
2009). This subunit may also contribute to the efficient coupling 
of ATP hydrolysis of V1 and proton translocation of V0 (Nishi et 
al., 2003; Wu et al., 2009). 

Obatoclax, a synthetic derivative of bacterial prodiginines, 
binds to all anti-apoptotic Bcl-2 family members and has a role 
as a pan-Bcl-2 inhibitor (Kim et al., 2014; Konopleva et al., 
2008). It has already been used in early clinical trials and has 
been widely tested in solid malignancies and lymphoma 
(Campa’s et al., 2006; Kim et al., 2014; Konopleva et al., 2008; 
Trudel et al., 2007). We have recently, for the first time, demon-
strated that obatoclax stimulates apoptosis through the sup-
pression of Bcl2A1 by insulin and inhibits the proliferation of 
osteoclast precursors (Lee and Lee, 2014). Thus, the effects of 
obatoclax on the proliferation and differentiation of osteoclast 
precursors have not been well-defined yet.  

Based on this earlier report, our present study aimed at in-
vestigating the potential role and regulatory mechanisms of 
obatoclax on proliferation and differentiation of osteoclast pre-
cursors. Ultimately, our data revealed that obatoclax suppress-
es the proliferation of osteoclast precursors by increasing apop-
tosis, while decreasing the cell fusion through the inhibition of 
the activation of ERK1/2 MAP kinase by RANKL, showing the 
potential of obatoclax for the treatment of several bone-related 
diseases in the future.  
 
MATERIALS AND METHODS 
 
Isolation of osteoclast precursors  
Isolation of osteoclast precursors and the in vitro 
osteoclastogenesis experiment were performed as described 
previously (Choi et al., 2013). In brief, bone marrow cells were 
flushed out from the femurs of 4-6-week-old C57BL/6 mice with 
a sterile 21-gauge syringe and incubated in alpha-MEM media 
containing 10% FBS and 10 ng/ml M-CSF (R&D Systems). 
After 24 h, non-adherent cells were harvested and cultured in 
the presence of M-CSF (20 ng/ml) for 3 days. After washing out 
the non-adherent cells, adherent cells were used as osteoclast 
precursors.  
 
Cell viability (MTT) assay 
Cells were seeded in 96-well plates with 2 × 104 cells/well in 
complete culture medium. After 24 h, the cells were treated with 
indicated doses of obatoclax (Selleck Chemicals) in the pres-
ence or absence of RANKL (Peprotech) for 24 h. Cell viability 
was measured using the MTT (3-[4,5-dimethyl-2-thiazolyl]-2,5-
diphenyl-2H-tetrazolium bromide) assay kit (Sigma) and the 
absorbance was on a microplate reader (Bio-Rad) at 570 nm 
(Choi et al., 2013). 
 
BrdU incorporation assay 
The BrdU incorporation assay was performed as described 
previously (Lee and Lee, 2014). In brief, after 24 h of seeding 
with 2 x 104 cells/ well in 96-well plates, the cells were treated 

with obatoclax or PD98059 (Sigma, USA). Cell proliferation was 
assayed using the BrdU incorporation assay kit (Cell Signaling 
Technology) according to the manufacturer’s instructions. BrdU 
was added 12 h before culture termination. At the end of culture, 
cells were fixed with fixing solution for 30 min at RT, rinsed 
twice with PBS, incubated with monoclonal anti-BrdU antibody 
for 1 h, followed by anti-mouse secondary antibody for 30 min. 
After the final wash, the substrate was added to the wells and 
then the stop solution was administered. The proportion of total 
cells incorporating BrdU into the nucleus was determined by 
reading the absorbance on a microplate reader (Bio-Rad) at 
450 nm to calculate cell viability.  
 
Apoptosis assay 
Apoptosis was measured using the Annexin V Apoptosis Kit 
(BD Biosciences) in accordance with the manufacturer’s in-
structions. Osteoclast precursors were seeded with 2 × 104 
cells/ well in 96-well plates and then treated with obatoclax or 
PD98059. The cells were then washed with cold PBSs, resus-
pended in 1  Annexin V binding buffer×  (BD Biosciences), and 
labeled with 10 μl Annexin V-APC (BD Biosciences) for 15 min 
in the dark. After incubation, 1  binding buffer was added. The ×
analyses were performed using a FACScan flow cytometer 
(Becton Dickinson) (Lee and Lee, 2014).  
 
Western blot analyses  
Western blotting was performed as described previously (Choi 
et al., 2013). In brief, osteoclast precursors stimulated with 
RANKL or obatoclax were lysed in lysis a buffer and the super-
natants were prepared by centrifugation, electrophoresed on a 
10% SDS-polyacrylamide gel and blotted onto a polyvinylidene 
difluoride membrane. Immunoblotting was performed with anti-
bodies (Abs) specific to phosphorylated ERK1/2 (p-ERK1/2), 
ERK1/2, phosphorylated JNK1/2 (p-JNK1/2), JNK1/2, phos-
phorylated p38 (p-p38), p38 MAP kinase (Cell Signaling Tech-
nology, USA), DC-STAMP, Atp6v0d2, and beta-actin (Santa 
Cruz Biotechnology, USA), followed by HRP-conjugated sec-
ondary antibodies and enhanced using an ECL detection kit 
(Amersham Biosciences). 
 
In vitro osteoclastogenesis  
For the osteoclast formation assay, the cells isolated from the 
femur of mice were further cultured in the presence of 200 
ng/ml of RANKL and 30 ng/ml of M-CSF. After 3 days, the cells 
were fixed, stained for tartrate-resistant acid phosphatase 
(TRAP) using the TRAP staining kit (Sigma). TRAP-positive 
multinucleated cells (TRAP+ MNCs) larger than 100 μm in di-
ameter containing more than 20 nuclei and TRAP+ mononucle-
ar cells were counted, and the number was presented as rela-
tive percentage (%).  
 
Real-time PCR 
Total RNAs isolated from cells were reverse transcribed using 
SuperscriptⅢ reverse transcriptase (Invitrogen) according to 
the manufacturer’s protocol. Real-time PCRs were performed 
with the Brilliant UltraFast SYBR Green QPCR Master Mix 
(Agilent Technologies) and specific primers for target genes 
and HPRT (for endogenous control) from QIAGEN in triplicate 
on an MX3000 instrument (Agilent Technologies). HPRT was 
used for the normalization of all quantitation (Kim and Lee, 2014).  
 
Statistical analysis  
The results are presented by mean ± SD of triplicates from at 
least three independent experiments. Statistical analyses were
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the BrdU incorporation assay kit. (C) The increase of apoptosis by the indicated concentrations of obatoclax after 48 h of treatment on  osteo-
clast precursors. Apoptosis was measured using the Annexin V Apoptosis Kit as described in “Materials and Methods”. Results are repre-
sentative of at least three independent experiments. *p < 0.05 and **p < 0.005 vs. non-treated cells. 
 
 
 
determined using Student’s t-test. P < 0.05 was considered 
significant.  
 
RESULTS 
 
Obatoclax inhibits the proliferation of osteoclast precur-
sors by inducing apoptosis  
Prior to investigating the role of obatoclax on the proliferation 
and differentiation of osteoclast precursors, we first examined 
the cytotoxicity of obatoclax. Whereas low doses (10 nM and 
100 nM) of obatoclax did not show a cytotoxic effect, the higher 
dose (1000 nM) of obatoclax completely decreased cell viability 
(Fig. 1A). The BrdU incorporation assay showed that the low 
dose of obatoclax has impressive inhibitory effects on their 
proliferation (Fig. 1B). On the contrary, obatoclax significantly 
increased the number of apoptotic cells in a dose-dependent 
manner (Fig. 1C). These results demonstrate that obatoclax 
inhibits cell proliferation by inducing the apoptosis of osteoclast 
precursors.  
 
ERK MAP kinase activation is involved in the proliferation 
and apoptosis of osteoclast precursors  
To gain insight into how obatoclax regulates proliferation of 
osteoclast precursors, we examined whether obatoclax regu-
lates the activation of MAP kinases by RANKL. As expected, 
RANKL effectively activated ERK1/2, JNK1/2, and p38 MAP 
kinases (Fig. 2A). Interestingly, pretreatment with obatoclax 
dramatically inhibited the activation of ERK1/2 by RANKL. 
However, the activation of JNK1/2 and p38 MAP kinases was 
not affected (Fig. 2A). 

To verify whether the inhibition of ERK1/2 MAP kinase by 
obatoclax is involved in the proliferation of the cells, an inhibitor 
of ERK, PD98059, was administered. Whereas RANKL alone 
failed to regulate cell proliferation and apoptosis, pretreatment 
with PD98059 effectively suppressed cell proliferation and in-
creased apoptosis in the presence of RANKL, just as obatoclax 
did (Figs. 2B and 2C). These results suggest that obatoclax 
regulates the proliferation and apoptosis of osteoclast precur-
sors through the inhibition of ERK1/2 MAP kinase. 
  
Obatoclax down-regulates the fusion of osteoclast precur-
sors by blocking the ERK1/2 signaling pathway 
It is known that the activation of ERK1/2 MAP kinase is im-
portant for the osteoclast differentiation induced by RANKL 
(Boyle et al., 2003). Prior to determining whether the inhibition 
of ERK1/2 MAP kinase by obatoclax affects osteoclast differen-
tiation, we first examined the effect of PD98059 on the cells. 
Stimulation with RANKL markedly induced osteoclast differenti-
ation (Figs. 3A and 3D). However, pretreatment with PD98059

A 
 
 
 
 
 
 
 
 
 
 
 
B                      C 
 
 
 
 
 
 
 
 
 
 
Fig. 2. ERK MAP kinase activation is involved in the proliferation 
and apoptosis of osteoclast precursors. (A) Osteoclast precursors 
were pretreated with or without 100 nM of obatoclax before 2 h of 
RANKL treatment for the indicated times. Total proteins were iso-
lated and then subjected to Western blot analyses using MAP ki-
nases-specific antibodies (left). Protein bands were quantified by 
densitometry, and the level of phosphorylated ERK1/2 MAP kinase 
was normalized to that of ERK1/2 (right). (B and C) Osteoclast 
precursors were pretreated with obatoclax (100 nM, Ob) before 2 h 
or PD98059 (10 μM, PD) before 30 min of RANKL treatment for 48 
h. Then, cell proliferation (B) and apoptosis (C) were measured as 
described in Materials and Methods. Results are representative of 
at least three independent experiments. *p < 0.05 and **p < 0.005 
vs. non-treated cells. 
 
 
 
completely suppressed the number of fused, multinucleated 
cells larger than 100 μm in diameter containing more than 20 
nuclei, whereas the number of TRAP-positive mononuclear 
cells was increased (Figs. 3B and 3C). Obatoclax showed a 
similar effect to the ERK inhibitor (Figs. 3E and 3F). However, 
obatoclax alone failed to regulate osteoclast differentiation (Fig. 
3D). These results indicate that obatoclax suppresses the fu-
sion of osteoclast precursors into multinucleated cells through 
the inhibition of ERK1/2 MAP kinase.

Fig. 1. Effect of obatoclax on cell 
viability. (A) Osteoclast precursors 
were incubated with the indicated 
concentrations of obatoclax for 24 h. 
The cytotoxicity of obatoclax was 
determined using the MTT assay kit. 
(B) The indicated concentrations of 
obatoclax were treated into the oste-
oclast precursors for 48 h. Then, cell 
proliferation was measured using 
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precursors were pretreated with 10 μM of PD98059 (PD) for 30 min then treated with RANKL (R) for 3 days. 30 μg of total cell lysates was 
analyzed by Western blot analysis. 
 
 
 
Obatoclax suppresses the expression of DC-STAMP and 
Atp6v0d2 by RANKL  
The result that obatoclax down-regulated the fusion of osteo-
clast precursors led us to hypothesize that obatoclax may con-
trol the expression of DC-STAMP and Atp6v0d2, which are 
both known to regulate the cell-cell fusion (Kukita et al., 2004; 
Lee et al., 2006), of osteoclast precursors. To verify that, we 
examined the expression of osteoclast marker genes including 
DC-STAMP and Atp6v0d2 was affected by obatoclax treatment. 
While RANKL effectively induced the expression of the osteo-
clast marker genes, c-Fos, TRAP, RANK, and CtsK, pretreat-
ment with obatoclax did not affect their expression (Fig. 4A). 
However, the expression of DC-STAMP and Atp6v0d2 induced 
by RANKL stimulation was abolished by obatoclax pretreat-
ment (Fig. 4A). 

To determine whether this result was caused by the inhibition 
of ERK1/2 MAP kinase, cells were pretreated with PD98059. 
Western blot analyses showed that pretreatment with PD98059 
completely inhibited the expression of DC-STAMP and 
Atp6v0d2 induced by RANKL (Fig. 4B), which strongly supports 
that obatoclax regulates the fusion of osteoclast precursors 

through the ERK 1/2 MAP kinase pathways, a finding con-
sistent with previous data (Fig. 3). Taken together, these data 
suggest that obatoclax regulates the proliferation and fusion of 
osteoclast precursors negatively through the inhibition of the 
ERK1/2 MAP kinase pathway by RANKL (Fig. 5).  
 
DISCUSSION 
 
The Bcl2/Bax ratio determines cell fate: proliferation or apopto-
sis. Whereas an enhancement of Bcl2, an anti-apoptotic protein, 
promotes cell proliferation, Bax, a pro-apoptotic protein, acti-
vates caspase3 and induces apoptosis (Hockenbery et al., 
1993; Yamashita et al., 2008). Bcl2-/- mice showed increased 
bone mass due to the induced apoptosis of osteoclasts; how-
ever, proliferation and differentiation of osteoblasts are not af-
fected (Yamashita et al., 2008). This suggests that Bcl2 plays a 
critical anti-apoptotic role in osteoclasts rather than osteoblasts. 
Obatoclax, a pan-Bcl2 inhibitor, has been applied in various 
solid malignancies and lymphoma, and exerted antitumor activi-
ties (Hwang et al., 2010; Paik et al., 2010). Despite the im-
portance of Bcl2 in osteoclasts, the effects of obatoclax on the

Fig. 3. Obatoclax down-regulates the 
fusion of osteoclast precursors through
the ERK1/2 MAP kinase. (A-C) Osteo-
clast precursors were pretreated with 
10 μM of PD98059 for 30 min and 
then RANKL for 3 days. TRAP stain-
ing was performed (original magnifica-
tion, × 100) (A) and TRAP+ mononu-
clear cells (B) or TRAP+ MNCs larger 
than 100 μm in diameter containing 
more than 20 nuclei (C) were counted 
and presented as relative percentage (%).
*p < 0.05 and **p < 0.005 vs. RANKL-
treated cells. (D-F) As in (A-C), except 
that 100 nM or 200 nM of obatoclax 
(Ob) for 2 h was pretreated instead of 
PD98059. 

Fig. 4. Obatoclax decreases the ex-
pression of DC-STAMP and Atp6v0d2. 
(A) Isolated osteoclast precursors were
pretreated with 100 nM of obatoclax 
(Ob) for 2 h and then RANKL (R) for 
the indicated times. Total RNA was 
isolated from the cells and then sub-
jected to real-time PCR as described 
in “Materials and Methods”. All quanti-
tation was normalized to an HPRT and 
the fold increase in the stimulated cells 
was compared with untreated cells as 
shown. Results are representative of 
at least three independent experi-
ments. *p < 0.05 and **p < 0.005 vs. 
non-treated cells. #p<0.05 vs. RANKL-
treated cells for 24 h. (B) Osteoclast 
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Fig. 5. The regulatory mechanisms model of the proliferation and 
fusion of osteoclast precursors by obatoclax. Obatoclax inhibits the 
ERK1/2 MAP kinase activation by RANKL, thus suppressing the 
proliferation and fusion of osteoclast precursors. 
 
 
 
proliferation and differentiation of osteoclast precursors have 
not been well-defined. We have recently shown that obatoclax 
suppresses their proliferation by insulin through the inhibition of 
apoptosis (Lee and Lee, 2014). Based on this previous study, 
the present study aimed to assess the potential of obatoclax on 
the proliferation and differentiation of osteoclast precursors. 
Here, we describe the anti-proliferative effects of obatoclax on 
osteoclast precursors and its negative role in their fusion.  

Stimulation with low doses of obatoclax significantly sup-
pressed the cell proliferation in a dose-dependent manner, 
while markedly increasing the apoptosis of osteoclast precur-
sors. These functions were found to be through ERK MAP 
kinase signaling since its stimulation was sufficient to block the 
activation of ERK MAP kinase by RANKL and these obvious 
effects were also observed when PD98059, an ERK inhibitor, 
was administered in the cells. 

The ERK MAP kinase signaling pathway seems to be related 
to two distinct mechanisms in osteoclast precursors: on one 
hand, by stimulating proliferation through the down-regulation of 
apoptosis, and on the other hand, by up-regulating the cell 
fusion, thus contributing to osteoclastogenesis. Pretreatment 
with either obatoclax or PD98059 dramatically reduced the cell-
cell fusion by RANKL stimulation via blocking of the ERK sig-
naling pathway. However, TRAP-positive mononuclear cells 
were relatively increased compared to when RANKL alone was 
treated since RANKL markedly increased the number of multi-
nucleated cells (TRAP+ MNCs) larger than 100 μm in diameter 
containing more than 20 nuclei although obatoclax and 
PD98059 inhibited the proliferation of osteoclast precursors.  

Interestingly, the activation of JNK1/2 and p38 MAP kinase, 
necessary for osteoclast differentiation, by RANKL was not 
affected by obatoclax. These results are consistent with the 
finding that obatoclax failed to regulate the expression of osteo-
clast marker genes, including c-Fos, TRAP, RANK and CtsK. 
Instead, the expression of DC-STAMP and Atp6v0d2 by 
RANKL was significantly reduced by obatoclax, which was 
through the ERK pathway since PD98059 completely abrogated 
the expression of these two proteins. These results imply that 
obatoclax may work during the late stage of osteoclastogenesis 

undergoing cell-cell fusion, rather than the earlier stage of osteo-
clast differentiation. 

Still, there are the subjects of further research: 1) whether 
obatoclax results in the arrest of the cell cycle in osteoclast 
precursors, and 2) whether or how Bcl2 and ERK signaling is 
connected in the regulation of the proliferation and differentia-
tion of the cells. In the previous study, cyclinD1, a cell cycle 
regulator, was affected by insulin stimulation in osteoclast pre-
cursors, and thus enhanced cell proliferation (Lee and Lee, 
2014). This shows that cyclinD1 may be a target of obatoclax 
through the ERK signaling pathway. It needs to be further stud-
ied.  

Continued investigation into the signaling and molecular 
mechanisms of obatoclax on osteoclast precursors could con-
tribute to the understanding of bone metabolism and give hints 
toward novel targets for treatment.  
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