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Osteoclasts are unique cells responsible for the resorption 
of bone matrix. MicroRNAs (miRNAs) are involved in the 
regulation of a wide range of physiological processes. Here, 
we examined the role of miR-26a in RANKL-induced 
osteoclastogenesis. The expression of miR-26a was up-
regulated by RANKL at the late stage of osteoclastogenesis. 
Ectopic expression of an miR-26a mimic in osteoclast pre-
cursor cells attenuated osteoclast formation, actin-ring for-
mation, and bone resorption by suppressing the expression 
of connective tissue growth factor/CCN family 2 (CTGF/ 
CCN2), which can promote osteoclast formation via up-
regulation of dendritic cell-specific transmembrane protein 
(DC-STAMP). On the other hand, overexpression of miR-26a 
inhibitor enhanced RANKL-induced osteoclast formation 
and function as well as CTGF expression. In addition, the 
inhibitory effect of miR-26a on osteoclast formation and 
function was prevented by treatment with recombinant 
CTGF. Collectively, our results suggest that miR-26a modu-
lates osteoclast formation and function through the regula-
tion of CTGF. 
 
 
INTRODUCTION 
1 
Bone remodeling is a lifelong process where old bone is re-
sorbed by osteoclasts and new bone is formed by osteoblasts. 
Although these two processes are tightly regulated, an imbal-
ance in bone metabolism can cause various bone diseases 
such as osteoporosis (Boyle et al., 2003). 

Giant multinucleated osteoclasts are derived from hemato-
poietic precursor cells. Macrophage colony-stimulating factor 
(M-CSF) and receptor activator of nuclear factor κB ligand 
(RANKL) are essential cytokines involved in osteoclast differen-
tiation (Walsh et al., 2006). RANKL binds its receptor, receptor 
activator of NF-κB (RANK), and promotes osteoclast formation 
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via induction and activation of various transcription factors such 
as PU.1, NF-κB, c-Fos, and nuclear factor of activated T cells 
c1 (NFATc1) (Danks and Takayanagi, 2013). In addition, 
RANKL induces cell-cell fusion of tartrate-resistant acid phos-
phatase (TRAP)-positive mononuclear pre-osteoclasts (pre-
OCs) to become multinuclear mature osteoclasts at a late stage 
of osteoclastogenesis. Various molecules have been reported 
to be involved in the fusion process during osteoclast differenti-
ation (Miyamoto, 2011). Cell-cell fusion of osteoclasts was 
completely abrogated in mice lacking the dendritic cell-specific 
transmembrane protein (DC-STAMP) and the d2 isoform of the 
v-ATPase V0 domain (ATP6v0d2), suggesting that DC-STAMP 
and ATP6v0d2 are essential for cell-cell fusion of osteoclasts 
(Lee et al., 2006; Yagi et al., 2005). The absence of cell-cell 
fusion in osteoclasts resulted in the severe reduction of bone-
resorbing activity, which in turn increased bone mass in DC-
STAMP-deficient and ATP6v0d2-deficient mice. Thus, osteo-
clast fusion might be an important process in bone metabolism. 

Connective tissue growth factor (CTGF), also known as CCN 
family member 2 (CCN2), is a member of the CCN protein 
family. CTGF promotes endochondral ossification by enhancing 
the proliferation and maturation of chondrocytes and osteo-
blasts and the survival of endothelial cells (Takigawa, 2013). 
CTGF was recently found to promote osteoclastogenesis via 
induction of and interaction with DC-STAMP (Nishida et al., 
2011). Aberrant CTGF production induced by TNF-α might play 
a role in abnormal osteoclastic activation in rheumatoid arthritis 
patients (Nozawa et al., 2009). 

MicroRNAs (miRNAs) are small, noncoding endogenous and 
conserved single stranded RNA molecules of 18 to 22 nucleo-
tides that regulate gene expression at the post-transcriptional 
level by base-pairing with complementary sequences, primarily 
in the 3′-untranslated regions (3′-UTRs) of protein coding tran-
scripts. Binding of an miRNA to its target sites results in the 
selective suppression of protein synthesis (Ambros, 2004; 
Bartel, 2004). Each miRNA may regulate hundreds of genes to 
control the response of the cell to developmental and other 
environmental cues. Recent studies have suggested that oste-
oclast differentiation could be regulated by several miRNAs, 
including miR-29b, miR-124, 148a, and miR155 (Cheng et al., 
2013; Lee et al., 2013; Rossi et al., 2013; Zhang et al., 2012). 
Although several miRNAs play important roles in osteoclast 
differentiation, the role of miRNAs in osteoclast formation and 
function is poorly understood. 

In this study, we investigated miRNA expression profiles dur-
ing osteoclastogenesis and identified miR-26a as a negative 
regulator of osteoclast formation and function by inhibiting 
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CTGF at the post-transcriptional level. Our results indicate that 
miR-26a is a novel regulator in osteoclastogenesis and a new 
therapeutic target for bone metabolic disorders with excessive 
osteoclast activity. 
 
MATERIALS AND METHODS 
 
Reagents 
All cell culture media and supplements were obtained from 
HyClone Laboratories (USA). Soluble recombinant mouse 
RANKL was purified from insect cells and human M-CSF was a 
gift from D. Fremont (Washington University, USA). The syn-
thetic mmu-miR-26a mimic, mmu-miR-26a inhibitor, and nega-
tive control were purchased from Bioneer Corporation (Korea). 
miRNeasy Mini Kit, miScript Reverse Transcription Kit, miScript 
SYBR Green PCR Kit, and miScript Primer Assay Kit were 
purchased from Qiagen (QIAGEN GmbH, Germany). Recom-
binant human CTGF was purchased from PeproTech (USA). 
Primary antibodies included CTGF (Santa Cruz Biotechnology, 
USA) and actin (Sigma-Aldrich, USA). 
 
Osteoclast formation and TRAP staining 
Murine osteoclasts were prepared from bone marrow cells as 
previously described (Youn et al., 2013). Murine bone marrow 
cells were cultured in α-MEM (HyClone Laboratories) contain-
ing 10% FBS (HyClone Laboratories) with M-CSF (20 ng/ml) 
for 3 days. Floating cells were removed and adherent cells 
were used as osteoclast precursors. To generate osteoclasts, 
bone marrow-derived macrophage-like cells (BMMs) were cul-
tured with M-CSF (30 ng/ml) and RANKL (100 ng/ml) for 4 days. 
Cultured cells were fixed and stained for TRAP. TRAP-positive 
multinuclear cells (MNCs) containing more than three nuclei 
were counted as osteoclasts. Cells were observed using the 
Leica DMIRB microscope equipped with an N plan 10 × 0.25 
numerical aperture objective lens (Leica Microsystems, Germa-
ny). Images were obtained with a ProgRes CFscan (Jenoptik, 
Germany) camera using ProgRes Capture Pro (Jenoptik). 
 
Actin ring staining 
For the generation of mononuclear pre-osteoclasts (pre-OCs), 
BMMs were cultured for 2 days in the presence of M-CSF (30 
ng/ml) and RANKL (100 ng/ml). Pre-OCs were cultured for an 
additional 24 h with M-CSF (30 ng/ml) and RANKL (50 ng/ml). 
After fixation, cells were incubated in 0.1% Triton X-100 in PBS 
for 5 min and stained with Texas Red®-X Phalloidin (Molecular 
probes, USA). Images were obtained with a ProgRes CFscan 
(Jenoptik) camera and ProgRes Capture Pro (Jenoptik).  
 
Pit formation assay 
BMMs were cultured on Osteo Assay plates (Corning, USA) in 
the presence of M-CSF (30 ng/ml) and RANKL (100 ng/ml) for 
2 days. Pre-OCs were cultured for an additional 36 h with M-
CSF (30 ng/ml) and RANKL (50 ng/ml). Resorption was quanti-
fied based on the number of pits. Resorption lacunae were 
visualized by bright-field light using the Leica DMIRB micro-
scope with a ProgRes CFscan (Jenoptik) camera and ProgRes 
Capture Pro (Jenoptik).  
 
MiRNA microarray analysis 
BMMs were cultured with M-CSF (30 ng/ml) and RANKL (100 
ng/ml) for the indicated times and cultured cells were lysed to 
isolate total RNA. The expression levels in each sample were 
measured using the mouse miRNA Expression Profiling array 
V.2 (Illumina Inc., USA). The assay panel contains 656 assays 

for mouse miRNAs described in the miRBase database v9.1. 
As indicated in the manufacturer’s instructions, miRNAs were 
polyadenylated and converted to complementary DNA after 
hybridization with miRNA-specific oligos and PCR-amplified. 
BeadStudio v3.1.3 (Illumina) was used to extract the array data. 
The signal value was log transformed and normalized by the 
quantile method. Hierarchical clustering was used to determine 
similarity using complete linkage and euclidean distance. 
MiRNAs with at least a twofold difference in expression level in 
RANKL-stimulated BMMs for the indicated times compared to 
control BMMs were selected to determine the expression profile. 
 
Transfection  
The synthetic miR-26a mimics, miR-26a inhibitors, or negative 
control were transfected into pre-OCs using the Lipofectamine™ 
RNAiMAX (Life Technologies, USA) according to the manufac-
turer’s instructions. In brief, 50 nM miRNA mimic, miRNA inhibi-
tor, or negative control was transfected into 1.2 × 104 cells/well 
in 96-well plates or 3.2 × 105 cells/well in 6-well plates. Cell 
culture media was changed after 4 h and transfected cells were 
cultured for an additional 24-36 h with M-CSF (30 ng/ml) and 
RANKL (50 ng/ml). Cells were used for osteoclastogenesis and 
other analyses as indicated. 
 
RNA isolation and quantitative reverse transcription PCR 
To detect mRNA and miRNA during osteoclastogenesis, total 
RNA was isolated using the miRNeasy Kit (Qiagen) following 
the manufacturer’s protocol. Purified RNA was reverse tran-
scribed into cDNA using the miScript Reverse Transcription Kit 
(Qiagen). Quantitative reverse transcription PCR (qRT-PCR) 
analysis was performed in triplicate with a Rotor-Gene Q in-
strument (Qiagen). For the quantification of mature miRNA, 
amplification was performed using the miScript Primer Assay 
and the miScript Universal Primer. For mRNA quantification, 
expression levels of specific genes were measured in triplicate 
using gene-specific primers with the QuantiTect SYBR Green 
PCR Kit (Qiagen). The thermal cycling conditions were as fol-
lows: 15 min at 95°C, followed by 40 cycles of 94°C for 15 s, 
55°C for 30 s, and 72°C for 30 s. Amounts of mRNAs were 
normalized to an endogenous housekeeping gene, Gapdh. The 
relative quantitation value for each target gene compared with 
the calibrator for that target was expressed as 2−(Ct−Cc) (where 
Ct and Cc are the mean threshold cycle differences after nor-
malizing to Gapdh). The relative expression levels of samples 
were presented by semi-log plot. 
 
Western blot analysis  
Cultured cells were washed with ice-cold PBS and lysed in 
extraction buffer (50 mM Tris-HCl, pH 8.0, 150 mM NaCl, 1 mM 
EDTA, 0.5% Nonidet P-40, and protease inhibitors). Cell ly-
sates were subjected to sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and western blot analysis. 
Signals were detected and analyzed with a LAS3000 Lumines-
cent Image Analyzer (GE Healthcare Japan, Japan). 
 
RESULTS 
miR-26a is up-regulated in RANKL-induced osteoclast  
differentiation 
To find the novel modulators that can affect osteoclastogenesis, 
we investigated miRNA expression profiles during osteoclast 
differentiation by miRNA microarray analysis. BMMs were cul-
tured with M-CSF and RANKL for 3 days prior to analysis. We 
found that the expression of 80 miRNAs was elevated and 59 
miRNAs was down-regulated during RANKL-induced osteo- 
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0.0005 vs. control. (E, F) Transfected pre-OCs were cultured for an additional 24 h with M-CSF and RANKL. (E) Cultured cells were fixed and 
stained for TRAP. (F) Numbers of TRAP+MNCs were counted. Data represent means ± SD of triplicate samples. **p < 0.05 vs. control. Re-
sults are representative of at least three independent sets of similar experiments. 
 
 
clastogenesis (Fig. 1A). Among them, we chose to study miR-
26a and examined its expression pattern during osteoclast 
differentiation by qRT-PCR. Consistent with miRNA microarray 
results, expression of miR-26a was gradually increased during 
RANKL-induced osteoclastogenesis (Fig. 1B). 
 
miR-26a negatively regulates RANKL-mediated  
osteoclastogenesis 
Next, we investigated the role of miR-26a in osteoclastogenesis. 
Since miR-26a was strongly expressed at the late stage of 
osteoclastogenesis, we examined the effect of miR-26a in os-
teoclasts using preosteoclasts (pre-OCs) instead of BMMs. 

BMMs were cultured for 2 days with M-CSF and RANKL to 
generate pre-OCs. Pre-OCs were transfected with an miR-26a 
mimic, which acts like endogenous mature miR-26a, resulting 
in a significant increase in mature miR-26a when measured by 
qRT-PCR analysis (Fig. 2A). The introduction of the miR-26a 
mimic in pre-OCs strongly inhibited RANKL-induced osteoclast 
formation (Figs. 2B and 2C). Next, we examined the effect of 
miR-26a on osteoclastogenesis using an miR-26a inhibitor. We 
confirmed the down-regulation of mature miR-26a by transfec-
tion of the miR-26a inhibitor into pre-OCs (Fig. 2D). Conversely, 
the miR-26a inhibitor significantly enhanced osteoclast for-
mation (Figs. 2E and 2F). These results suggest that miR-26a

Fig. 1. miR-26a is up-regulated during RANKL-
induced osteoclastogenesis. (A) Microarray analysis 
was performed using RNAs isolated during RANKL-
induced osteoclast differentiation. High expression 
levels of miRNAs are indicated in green, whereas 
low expression levels of miRNAs are depicted in 
red. (B) Validation of microarray data by qRT-PCR 
analysis of miR-26a expression. Data represent 
means ± SD of triplicate samples. Results are rep-
resentative of at least three independent sets of 
similar experiments. *p < 0.05, **p < 0.01 vs. control 
BMMs. 

Fig. 2. miR-26a inhibits RANKL-induced 
osteoclast formation. BMMs were cul-
tured for 2 days in the presence of M-
CSF and RANKL. (A-C) Two-day-old 
pre-OCs were transfected with the miR-
26a mimic or a negative control. (A) 
Expression level of miR-26a was detect-
ed by qRT-PCR. Data represent means 
± SD of triplicate samples. #p < 0.0005 
vs. control. (B, C) Transfected pre-OCs 
were cultured for an additional 24 h with 
M-CSF and RANKL. (B) Cultured cells 
were fixed and stained for TRAP. (C) 
Numbers of TRAP + MNCs were count-
ed. Data represent means ± SD of tripli-
cate samples. **p < 0.001 vs. control. 
Results are representative of at least 
three independent sets of similar experi-
ments. (D-E) Pre-OCs were transfected 
with miR-26a inhibitor or negative con-
trol. (D) Expression level of miR-26a was 
detected by qRT-PCR. Data represent 
means ± SD of triplicate samples. #p < 
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Fig. 3. miR-26a attenuates actin ring formation and bone resorption. 
(A, B) BMMs were cultured for 2 days in the presence of M-CSF 
and RANKL. Two-day-old pre-OCs were transfected with a miR-
26a mimic, miR-26a inhibitor, or negative control as indicated. 
Transfected cells were further cultured in the presence of M-CSF 
and RANKL. (A) Cells were fixed and stained with phalloidin. (B) 
Numbers of MNCs containing an actin ring were counted. Data 
represent means ± SD of triplicate samples. ***p < 0.001 vs. control. 
Results are representative of at least three independent sets of 
similar experiments. (C-D) BMMs were cultured on Osteo Assay 
plates for 2 days in the presence of M-CSF and RANKL. Two-day-
old pre-OCs were transfected with a miR-26a mimic, miR-26a inhib-
itor, or negative control as indicated. Transfected cells were further 
cultured for 36 h in presence with M-CSF and RANKL. (C) 
Resorption lacunae were visualized by bright-field microscopy. (D) 
Numbers of resorption pits were counted. Data represent means ± 
SD of triplicate samples. ***p < 0.001 vs. control. Results are repre-
sentative of at least three independent sets of similar experiments. 
 
 
negatively regulates RANKL-induced osteoclast formation. 
 
miR-26a regulates osteoclast function 
Because miR-26a attenuated osteoclast formation, we investi-
gated the role of miR-26a in osteoclast function. To examine 
the effect of miR-26a on actin ring formation, pre-OCs trans-
fected with miR-26a mimic or miR-26a inhibitor were further 
cultured with M-CSF and RANKL and stained with phalloidin. 
Compared with the control, the miR-26a mimic significantly 
inhibited peripheral actin ring formation in osteoclasts, whereas 
the miR-26a inhibitor significantly increased actin ring formation 
(Figs. 3A and 3B). Next, we investigated the effect of miR-26a 
on bone resorption activity using a synthetic calcium phosphate 
matrix. Compared to the control, the miR-26a mimic markedly 

A 
 
 
 
 
 
 
 
 
 
B 
 
 
 
 
 
C 
 
 
 
 
 
 
 
 
Fig. 4. CTGF is a target of miR-26a. (A) The alignment between 
CTGF and miR-26a, as predicted by bioinformatics analysis of 
sequences from various animals, is indicated by vertical bars. The 
sequence alignment of putative miR-26a and its targeting site on 
the 3′-UTR of CTGF reveals a high level of complementarily and 
sequence conservation in vertebrates. (B, C) Pre-OCs were trans-
fected with the miR-26a mimic, inhibitor, or negative control as 
indicated. Transfected pre-OCs were cultured for an additional 24 h 
in presence with M-CSF and RANKL. (B) Whole cell lysates were 
harvested from cultured cells and were immunoblotted with anti-
CTGF and anti-actin Abs. (C) mRNA levels of DC-STAMP and 
ATP6v0d2 were assessed by quantitative real-time PCR. Data 
represent means ± SD of triplicate samples. Results are repre-
sentative of at least three independent sets of similar experiments. 
*p < 0.05, **p < 0.01, ***p < 0.001 vs. control. 
 
 
blocked resorption pit formation, whereas the miR-26a inhibitor 
significantly increased pit formation (Figs. 3C and 3D). Taken 
together, these results suggest that miR-26a could regulate 
osteoclast formation and function during RANKL-induced 
osteoclastogenesis. 
 
miR-26a directly targets CTGF in osteoclasts 
Using bioinformatics tools for miRNA target prediction (Target 
Scan, PicTar, and miRanda), we identified a putative miR-26a 
binding site in the 3′-UTR of CTGF. The miR-26a binding site in 
CTGF 3′-UTR was highly conserved in mammals (Fig. 4A). To 
examine whether miR-26a directly targets CTGF and regulates 
translational repression, CTGF protein levels were examined by 
western blot analysis. Introduction of miR-26a into pre-OCs 
down-regulated CTGF expression, whereas miR-26a inhibitor 
strongly induced the expression of CTGF in osteoclasts (Fig. 4B). 
Next, we assessed the levels of fusion molecules such as DC-
STAMP and ATP6v0d2. We found that the expression of DC-
STAMP and ATP6v0d2 was significantly downregulated by miR-
26a, whereas the miR-26a inhibitor strongly increased the levels 
of both fusion molecules (Fig. 4C). These results indicate that 
miR-26a can directly induce CTGF translational repression, 
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hereby regulating the expression of fusion molecules. 
 
Recombinant CTGF averts the inhibitory effect of miR-26a 
on osteoclast formation and function 
To investigate whether the inhibitory effect of miR-26a on oste-
oclast formation could be rescued by the addition of recombi-
nant CTGF, pre-OCs transfected with the miR-26a mimic or 
miR-26a inhibitor were cultured with M-CSF and RANKL in the 
absence or presence of recombinant CTGF. Addition of re-
combinant CTGF strongly blocked miR-26a-mediated down-
regulation of osteoclast formation (Figs. 5A and 5B), actin ring 
formation (Figs. 5C and 5D), and bone resorption (Figs. 5E and 
5F). These results indicate miR-26a regulates osteoclast for-
mation and function through CTGF. 
 
DISCUSSION 
 
RANKL induces osteoclast formation through the regulation of 
various genes such as NF-κB, c-Fos, and NFATc1 (Asagiri and 
Takayanagi, 2007). RANKL-mediated osteoclast formation re-
quires co-stimulatory signaling through FcRγ and DAP12 (Walsh 
et al., 2006). Besides, RANKL potentiates osteoclastogenesis via 
down-regulation of negative modulators including MafB, IRF-8, 
and Bcl6 (Kim et al., 2007; Miyauchi et al., 2010; Zhao et al., 

2009). In addition to transcriptional regulation, accumulated evi-
dence has shown that post-transcriptional and post-translational 
regulations might be important for RANKL-mediated osteoclasto-
genesis (Kim et al., 2011; Lee et al., 2013). Since miRNAs can 
regulate differentiation of various cells, we speculated that 
miRNAs might regulate genes involved in osteoclast differentia-
tion. In an effort to find a novel regulatory mechanism in osteo-
clast differentiation, we investigated the expression profiles of 
miRNA during osteoclastogenesis by miRNA microarray analysis 
and the role of miR-26a in osteoclast differentiation. This study 
provides the first demonstration that miR-26a might fine-tune 
osteoclast formation and function at the post-transcriptional level. 

Previous studies have shown that miR-26a acts as an im-
portant regulator in cell proliferation and differentiation. miR-26a 
plays a crucial role in the regulation of mouse hepatocyte prolif-
eration during liver regeneration (Zhou et al., 2012), and it could 
modulate osteogenic differentiation of human adipose tissue-
derived stem cells by SMAD1 transcription factor (Luzi et al., 
2008). In addition, miR-26a promotes myogenesis by post-
transcriptional repression of Ezh2, a known suppressor of skel-
etal muscle cell differentiation (Wong and Tellam, 2008). Our 
findings demonstrate that miR-26a acts as a negative regulator 
in osteoclast formation via suppression of CTGF. 

To find possible target genes for miR-26a in osteoclastogenesis, 

Fig. 5. Inhibitory effect of miR-26a is rescued by CTGF.
(A-D) BMMs were cultured for 2 days in the presence of
M-CSF and RANKL. Two day-old pre-OCs were trans-
fected with miR-26a mimic, miR-26a inhibitor, or nega-
tive control as indicated. Transfected cells were further
cultured with M-CSF and RANKL in the presence or
absence of CTGF (10 ng/ml). (A) Cultured cells were
fixed and stained for TRAP. (B) Numbers of TRAP +
MNCs were counted. (C) Cultured cells were fixed and
stained with phalloidin. (D) Numbers of MNCs contain-
ing an actin ring were counted. (E, F) BMMs were cul-
tured on Osteo Assay plates for 2 days in the presence
of M-CSF and RANKL. Two-day-old pre-OCs were
transfected with the miR-26a mimic, miR-26a inhibitor,
or negative control as indicated. Transfected cells were
cultured for 36 h with M-CSF and RANKL in the pres-
ence or absence of CTGF (10 ng/ml). (E) Resorption
lacunae were visualized by bright-field microscopy. (F)
Numbers of resorption pits were counted. Data repre-
sent means ± SD of triplicate samples. **p < 0.05, ***p <
0.001 vs. control. Results are representative of at least
three independent sets of similar experiments 
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we used a bioinformatics approach including Pictar, Targetscan 
and miRanda. Since our data showed that miR-26a regulates 
osteoclast maturation such as cell-cell fusion at the late stage of 
osteoclastogenesis, we speculated that the target gene of miR-
26a might regulate cell-cell fusion of osteoclasts. It has been 
reported that CTGF potentiates RANKL-induced osteoclasto- 
genesis in the late stage of osteoclastogenesis (Nishida et al., 
2011). In addition, RANKL-induced osteoclastogenesis is im-
paired in fetal liver cells of CTGF-/- mice, and this phenotype 
can be rescued by the addition of exogenous recombinant 
CTGF or forced expression of DC-STAMP. Furthermore, CTGF 
promotes osteoclast formation via induction of and interaction 
with DC-STAMP (Nishida et al., 2011), which is an essential 
molecule for osteoclast fusion (Yagi et al., 2005). These results 
strongly suggest that CTGF might regulate osteoclast fusion by 
modulating DC-STAMP in the late stage of osteoclastogenesis. 
Forced expression of miR-26a in pre-OCs resulted in down-
regulation of CTGF expression, while inhibition of miR-26a 
significantly augmented CTGF expression (Fig. 4). In addition, 
recombinant CTGF averted the inhibitory effect of miR-26a on 
osteoclast formation and bone resorption (Fig. 5), suggesting 
that miR-26a regulates osteoclast formation and function 
through the modulation of CTGF expression. Consistent with 
our data, Wei et al. (2013) reported that CTGF and collagen I 
are targets of miR-26a in cardiac fibroblasts. Here, we suggest 
that miR-26a down-regulates osteoclast formation via suppres-
sion of the CTGF/DC-STAMP axis at the late stage of osteo- 
clastogenesis. 

miR-26a was strongly expressed in the late stage of 
osteoclastogenesis. The related isoform, miR-26b, which differs 
from the miR-26a mature sequence by three nucleotides, was 
not differentially expressed (data not shown). Although the 
regulatory mechanism of miR-26a gene expression in osteo-
clasts has not been revealed, it appears that miR-26a provides 
negative feedback regulation in osteoclast formation. Further 
study of the detailed regulatory mechanism of miR-26a gene 
expression will provide a better understanding on the role of 
miR-26a in bone homeostasis. 

In summary, the present study proposes a novel role of miR-
26a in osteoclast formation and function by regulating CTGF 
expression. Our finding provides new insights into bone metab-
olism and the possibility for the development of a new thera-
peutic target to control various bone diseases. 
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