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A Medium-Chain Fatty Acid, Capric Acid, Inhibits
RANKL-Induced Osteoclast Differentiation via the
Suppression of NF-xB Signaling and Blocks
Cytoskeletal Organization and Survival in

Mature Osteoclasts

Hyun-Ju Kim"?*, Hye-Jin Yoon?, Shin-Yoon Kim®, and Young-Ran Yoon

Fatty acids, important components of a normal diet, have
been reported to play a role in bone metabolism. Osteoc-
lasts are bone-resorbing cells that are responsible for many
bone-destructive diseases such as osteoporosis. In this
study, we investigated the impact of a medium-chain fatty
acid, capric acid, on the osteoclast differentiation, function,
and survival induced by receptor activator of NF-kB ligand
(RANKL) and macrophage colony-stimulating factor (M-
CSF). Capric acid inhibited RANKL-mediated osteoclasto-
genesis in bone marrow-derived macrophages and sup-
pressed RANKL-induced lkBa phosphorylation, p65 nuclear
translocation, and NF-xB transcriptional activity. Capric
acid further blocked the RANKL-stimulated activation of
ERK without affecting JNK or p38. The induction of NFATc1
in response to RANKL was also attenuated by capric acid.
In addition, capric acid abrogated M-CSF and RANKL-
mediated cytoskeleton reorganization, which is crucial for
the efficient bone resorption of osteoclasts. Capric acid
also increased apoptosis in mature osteoclasts through the
induction of Bim expression and the suppression of ERK
activation by M-CSF. Together, our results reveal that ca-
pric acid has inhibitory effects on osteoclast development.
We therefore suggest that capric acid may have potential
therapeutic implications for the treatment of bone resorp-
tion-associated disorders.
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INTRODUCTION

Osteoclasts are multinucleated cells that play a central role in
adult skeletal homeostasis (Boyle et al., 2003; Martin, 2014;
Teitelbaum and Ross, 2003). These bone-resorbing polykaryons
are generated from the hematopoietic progenitor cells of the
monocyte/macrophage lineage through multiple processes that
include the fusion and differentiation of precursor cells and the
activation of mature osteoclasts. To perform bone resorption,
mature osteoclasts attach to bone surfaces and undergo cy-
toskeletal reorganization, forming actin rings at the sealing zone
(Vaananen et al., 2000). Integrin, specifically avp3, plays an
essential role in the organization of actin cytoskeleton (Faccio et
al., 2003; McHugh et al., 2000). Two key cytokines, macrophage
colony-stimulating factor (M-CSF) and receptor activator of nuc-
lear factor kappa B (NF-kB) ligand (RANKL), support osteoclast
differentiation, function, and survival (Novack and Teitelbaum,
2008; Teitelbaum, 2007; Teitelbaum and Ross, 2003).

RANKL, a TNF family member, plays an essential role in os-
teoclast differentiation. The binding of RANKL to RANK activates
NF-kB and mitogen-activated protein kinases (MAPKSs), includ-
ing c-Jun N-terminal kinase (JNK), extracellular signal-regulated
kinase (ERK), and p38, by recruiting TNF receptor-associated
factor 6 (TRAF6) (Boyle et al., 2003). Previous studies have
established that NF-kB activation is crucial for osteoclast diffe-
rentiation (Franzoso et al., 1997; lotsova et al., 1997). The acti-
vation of NF-kB induces the expression of nuclear factor of acti-
vated T cells cytoplasmic 1 (NFATc1), which is a master tran-
scription factor in osteoclastogenesis. NFATc1 can regulate the
transcription of osteoclast-related markers, including tartrate-
resistant acid phosphatase (TRAP), cathepsin K, and MMP-9,
during osteoclast differentiation (Asagiri and Takayanagi, 2007;
Nakashima and Takayanagi, 2011).

Capric acid is a medium-chain fatty acid that occurs naturally
in coconut oil. It is also found in the milk and fats of some mam-
mals. As capric acid possesses strong antiviral, antibacterial,
and antifungal properties, it is used as an antimicrobial pesticide.
Fatty acids play an important role in the control of inflammatory
diseases including obesity and diabetes. Interestingly, fatty acids
have also been reported to modulate bone metabolism and
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bone mass (Cornish et al., 2008; Rahman et al., 2008; Sun et al.,
2003). Although a recent study showed that several milk frac-
tions and their hydrolysates suppressed osteoclast formation
(Cornish et al., 2008), the molecular mechanisms of the me-
dium-chain fatty acid, capric acid on RANKL-induced osteoclas-
togenesis are still poorly understood. In addition, the effect of
capric acid on osteoclast cytoskeleton and survival has yet to be
revealed.

In the present study, we demonstrate that capric acid sup-
presses osteoclast differentiation in bone marrow-derived ma-
crophages (BMMs) through the suppression of RANKL-
stimulated signaling pathways, including NF-xB and ERK, as
well as the induction of NFATc1. We also demonstrate that ca-
pric acid blocks cytoskeletal organization mediated by RANKL
and M-CSF and accelerates the apoptosis of mature osteoclasts
by regulating Bim expression and ERK activation.

MATERIALS AND METHODS

Ethics statement

All experimental procedures were performed in strict accordance
with the appropriate institutional guidelines for animal research.
The protocol was approved by the Committee on the Ethics of
Animal Experiments of the Kyungpook National University.

Reagents and antibodies

Capric acid was purchased from Sigma (USA). RANKL and M-
CSF were obtained from R&D Systems (USA). Antibodies
against phospho-lkBa, phospho-JNK, phospho-p38, phospho-
ERK, IkBa, JNK, p38, ERK, phospho-c-Jun, and nucleophosmin
were purchased from Cell Signaling Technology (USA). Anti-Bim
antibody was obtained from BD Biosciences (USA). Anti-p65
antibody was obtained from Santa Cruz Biotechnology (USA).
Anti-NFATc1 antibody was purchased from BD Pharmingen
(USA).

Macrophage isolation and osteoclast culture

Bone marrow was extracted from the femora and tibia of 6-8
week-old male C57/BL6 mice and cultured in a-minimal essen-
tial medium (MEM) containing 10% FBS and M-CSF. On day 3
of culture, the cells, selected for as a pure population of macro-
phages, were lifted and re-plated at 5 x 10° cells/well in a 96-well
plate in a-MEM containing 10% FBS with M-CSF (10 ng/ml) and
RANKL (20 ng/ml). After 4 days, the cells were fixed in 4% para-
formaldehyde for 20 min and then stained with tartrate-resistant
acid phosphatase (TRAP) staining solution (0.1 mg/ml naphthol
AS-MX phosphate and 0.3 mg/ml Fast Red Violet LB stain).

Cell viability assay

Cell viability was determined using a colorimetric 3-(4,5-
dimethylithiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium (MTS) assay. BMMs were treated with various con-
centrations of capric acid for 3 days in the presence of M-CSF (30
ng/ml) in 96-well plates. Then, a medium containing 20 pl of CellTiter
96 Aqueous One Solution (Promega, USA) was added. After 4 h of
incubation, the absorbance was measured at 490 nm using a mi-
croplate reader.

Real-time PCR

Real-time PCR was performed as described previously (Kim et
al., 2012). The following primers were used: NFATc1, 5'-ACC-
ACCTTTCCGCAACCA-3' and 5-TTCCGTTTCCCGTTGCA-3;
TRAP, 5-TCCCCAATGCCCCATTC-3' and 5-CGGTTCTGG-
CGATCTCTTTG-3'; cathepsin K, 5-GGCTGTGGAGGCGGCT-
AT-3' and 5-AGAGTCAATGCCTCCGTTCTG-3; MMP-9, 5'-
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AAAGACCTGAAAACCTCCAACCT-3' and 5-GCCCGGGTGT-
AA CCA TAGC-3'; B3 integrin, 5-CGCATCCCATTTGCTAG-
TGTT-3 and 5'-CTGCCAGCCTTCCATCCA-3'.

Western blotting

Cells were harvested after washing with ice-cold PBS and then
lysed in extraction buffer containing 50 mM Tris-HCI (pH 7.4),
150 mM NaCl, 1 mM EDTA, 1% Nonidet P-40, and protease
and phosphatase inhibitors for 30 min on ice. Protein concentra-
tions of the cell lysates were determined using a bicinchoninic
acid kit (Pierce, USA). Equal amounts of protein were resolved
by SDS-PAGE and transferred to a polyvinylidene difluoride
membrane (Millipore, USA). The membrane was probed with
specific antibodies, and immuno-reactivity was detected using
enhanced chemiluminescence reagents (ECL-plus, Amersham,
USA).

Nuclear protein extraction

Cells were lysed with hypotonic buffer (10 mM Hepes, 1.5 mM
MgCl,, 1 mM KCI, 1 mM DTT, and protease and phosphatase
inhibitors), followed by the addition of 0.1% Nonidet P-40. After
centrifugation, the nuclear pellets were suspended in high-salt
buffer (hypotonic buffer plus 400 mM NacCl). Protein concentra-
tions were determined, and immunoblotting was performed.

Luciferase assay

RAW264.7 cells were plated at a density of 3 x 10° cells/well in a
24-well plate. The next day, the cells were transfected with an
NF-«B luciferase reporter construct. The transfected cells were
incubated with increasing doses of capric acid for 24 h and then
stimulated with RANKL (200 ng/ml) for 24 h. The cells were
lysed in Reporter Lysis Buffer (Promega), and the luciferase
activity was measured using a luminometer.

Apoptosis assay

Osteoclasts derived from BMMs were cultured with vehicle or
capric acid for 24 h. An apoptosis assay was conducted using
the Cell Death Detection ELISA Plus kit (Roche Applied Science,
Switzerland), which detects cytoplasmic histone-associated DNA
fragmentation. The absorbance at 405 nm was measured using
a Bio-Rad microplate reader.

Actin ring re-formation assay

Mature osteoclasts generated on bone slices (IDS Nordic Bios-
cience, Denmark) were washed twice with cold cytokine-free
medium followed by incubation at 37°C for 20 min. The washed
cells were then incubated with or without capric acid (400 uM) in
the presence of RANKL (20 ng/ml) or M-CSF (50 ng/ml) for 3 h.
The bone slices were fixed with 4% paraformaldehyde in phos-
phate-buffered saline for 20 min. F-actin was stained with Alexa
Fluor 488-phalloidin (Invitrogen).

Statistical analysis

All experiments were performed in triplicate. The data are pre-
sented as the means + S.D. Statistical significance was deter-
mined using a two-tailed Student’s t-test.

RESULTS

Capric acid inhibits RANKL-induced osteoclast
differentiation

To examine the effect of capric acid on RANKL-induced osteoc
lastogenesis, BMMs were cultured with various concentrations
of capric acid in the presence of RANKL and M-CSF for 4 days.
The addition of capric acid inhibited the formation of TRAP-
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Fig. 1. Effect of capric acid on RANKL-induced osteoclast differentiation. BMMs were cultured with M-CSF (10 ng/ml) and RANKL (20 ng/ml) for
4 days at the indicated concentration of capric acid. (A) The cells were fixed and subjected to TRAP staining. (B) The number of TRAP-positive
multinucleated cells (MNCs) generated in (A) was counted. (C) TRAP activity in the cell culture supernatant generated in (A) was measured by
ELISA. The data presented in (B) and (C) are expressed as the means + SD. *P < 0.05, **P < 0.001 versus vehicle-treated control (Con). (D)
BMMs were cultured with M-CSF (30 ng/ml) for 3 days together with the indicated dose of capric acid. Cell viability was measured by an MTS

assay, as described in “Materials and Methods”.

positive multinuclear osteoclasts in a dose-dependent manner
(Figs. 1A and 1B). Reflecting the decreased number of TRAP-
expressing osteoclasts, TRAP activity measured in the culture
supernatant was also reduced in the capric acid-treated cells
(Fig. 1C). Using an MTS assay, we also observed that the addi-
tion of capric acid did not affect the viability of osteoclast precur-
sors (BMMs) (Fig. 1D).

Because capric acid inhibited osteoclast formation, we next
investigated whether capric acid could affect the expression of
genes that play important roles in osteoclast differentiation.
RANKL exposure in control cells induced the mRNA expression
of NFATc1, which is a key regulator of osteoclastogenesis (Fig.
2A). The addition of capric acid significantly attenuated the
mRNA level of NFATc1 (Fig. 2A), and the suppressive effect of
capric acid on NFATc1 expression was further confirmed by
immunoblotting (Fig. 2B). Accordingly, the expression of TRAP,
cathepsin K, and MMP-9, downstream target genes of NFATc1,
was also decreased in the presence of capric acid (Figs. 2A and
2B).

Capric acid suppresses RANKL-mediated NF-xB and ERK
signaling pathways

We analyzed RANKL signaling pathways to investigate the me-
chanism by which capric acid inhibits RANKL-induced osteoclas-
togenesis. As NF-xB activation by RANKL is essential for os-
teoclast differentiation, we first assessed NF-«B activation in the
presence of capric acid. BMMs were pre-treated with vehicle or
capric acid and then stimulated with RANKL. Although RANKL
induced profound phosphorylation of IkBa in the vehicle-treated
control cells, the addition of capric acid abrogated IkBo. phos-
phorylation in response to RANKL (Fig. 3A). To further confirm
its inhibitory effect on NF-«xB, we evaluated the nuclear translo-
cation of the p65 NF-kB subunit. As shown in Fig. 3B, capric
acid reduced the nuclear translocation of p65 by RANKL but did
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not affect the nuclear translocation of phospho-c-Jun. We next
examined the impact of capric acid on RANKL-mediated NF-xB
transcriptional activity in the RAW264.7 macrophage cell line.
RANKL induced NF-«xB activity, though the induction of NF-xB
promoter activity was significantly suppressed by capric acid in a
dose-dependent manner (Fig. 3C).

As the MAPK pathway is also important for osteoclastogene-
sis, we next analyzed the impact of capric acid on the MAPK
signaling cascade following RANKL stimulation. Capric acid
significantly inhibited RANKL-induced ERK phosphorylation but
did not affect the phosphorylation of JNK and p38 (Fig. 3D).
Taken together, these results demonstrate that capric acid inhi-
bits osteoclastogenesis by suppressing the NF-x<B and ERK
activation induced by RANKL.

Capric acid blocks osteoclast cytoskeletal organization

Osteoclasts are unique bone-resorbing cells. As osteoclasts
mature, the cell cytoskeleton undergoes a dramatic reorganiza-
tion, an event that involves the formation of an actin ring, a cy-
toskeletal structure critical for efficient bone resorption in osteoc-
lasts. To investigate whether capric acid affects the organization
of the osteoclast cytoskeleton, we first focused on osteoclast
morphology. BMMs were cultured in the presence of RANKL
and M-CSF for 3 days. The cells were then treated with vehicle
or capric acid for 16 h and stained for TRAP. Although the ve-
hicle-treated control cells formed well-spread, characteristic
osteoclasts, the capric acid-treated cells failed to spread and
formed small TRAP-positive polykaryons (Figs. 4A and 4B).
These results suggest that capric acid regulates osteoclast cy-
toskeletal organization. To determine whether this is the case,
we examined the impact of capric acid on the formation of the
actin cytoskeleton and performed an actin ring re-formation as-
say (Kim et al., 2006). To this end, fully differentiated osteoclasts
were generated on bone slices and washed with cold cytokine-
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Fig. 2. Effect of capric acid on the expression of osteoclastogenic markers. BMMs were cultured with or without capric acid (500 uM) in the
presence of M-CSF (10 ng/ml) and RANKL (20 ng/ml) for the indicated number of days. Real-time PCR (A) or immunoblotting (B) was per-
formed to assess the expression of the indicated genes. The data presented in (A) are expressed as the means + SD. *P < 0.05, **P < 0.001

versus vehicle-treated control (Con).
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Fig. 3. Effect of capric acid on RANKL-mediated signaling. (A) BMMs were pretreated with capric acid (500 uM) or vehicle for 2 h and then sti-
mulated by the addition of RANKL (50 ng/ml) for the indicated time. Total cell lysates were immunoblotted with an anti-phospho-lkBa antibody.
B-Actin served as a loading control. (B) The nuclear levels of p65 and phospho-c-Jun in the nuclear extracts of BMMSs, as described in (A), were
determined by immunoblotting. (C) RAW264.7 cells were transfected with an NF-«B reporter luciferase plasmid. At 24 h after transfection, the
cells were pretreated with the indicated concentration of capric acid and then stimulated with RANKL (200 ng/ml). After 24 h, the cells were
lysed, and the luciferase activity was determined. The data are expressed as the means + SD. **P < 0.001 versus RANKL alone. (D) Cells were
prepared as in (A) and analyzed by immunoblotting with the indicated antibodies. The total ERK, JNK, and p38 levels served as loading controls.

free media to remove the actin rings. The cells were then incu- last spreading (Fig. 4A), capric acid blocked the actin rig forma-
bated for 3 h in the presence of M-CSF or RANKL with or with- tion induced by M-CSF or RANKL (Figs. 4C and 4D). Finally, we
out capric acid. In keeping with its suppressive effect on osteoc- tested the impact of capric acid on the expression of 33 integrin,
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Fig. 4. Effect of capric acid on organization of osteoclast cytoskeleton. (A, B) BMMs were cultured in an osteoclastogenic medium containing M-
CSF (10 ng/ml) and RANKL (20 ng/ml) for 3 days. The cells were then treated with capric acid or vehicle for 16 h. (A) The cells were fixed and
stained for TRAP. (B) The number of spreading TRAP-positive cells was counted. The data are expressed as the means + SD. **P < 0.001. (C,
D) Mature osteoclasts cultured on bone slices were washed with cytokine-free cold media (Washing control) to disrupt the actin rings. The cells
were then incubated without or with capric acid (400 uM) in the presence of M-CSF (50 ng/ml) or RANKL (20 ng/ml). (C) After 3 h of incubation,
the cells were fixed and stained with FITC-phalloidin. (D) The percentage of osteoclasts with an actin ring was determined. *P < 0.05, **P <
0.001. (E) BMMs were cultured with M-CSF and RANKL for the indicated number of days in the presence or absence of capric acid. B3 integrin
expression was analyzed by real-time PCR. **P < 0.001 versus vehicle-treated control.

which plays a crucial role in the organization of the osteoclast
cytoskeleton. We observed that capric acid significantly atte-
nuated the mRNA levels of 3 integrin (Fig. 4E).

Capric acid accelerates apoptosis in mature osteoclasts

To examine whether capric acid affects osteoclast survival, ma-
ture osteoclasts were cultured with or without capric acid for 24 h
and then stained. TRAP staining showed that capric acid re-
duced the percentage of survival of TRAP-positive multinuc-
leated cells (Figs. 5A and 5B). We next performed an apoptosis
assay on these cells using DNA fragmentation ELISA to deter-
mine whether the decreased number of osteoclasts observed
following capric acid treatment were a direct consequence of
cellular apoptosis. As shown in Fig. 5C, capric acid accelerated
apoptosis in mature osteoclasts. As osteoclast apoptosis is regu-
lated by a pro-apoptotic Bcl-2 family protein, Bim (Akiyama et al.,
2003), we then determined whether capric acid exposure in-
creases Bim expression in osteoclasts. The addition of capric
acid significantly increased Bim expression (Fig. 5D). M-CSF-
induced ERK activation promotes osteoclast survival by down-
regulating Bim expression (Akiyama et al., 2003). Therefore, we
next examined the impact of capric acid on the M-CSF-induced
ERK signaling pathway. Indeed, we observed that capric acid
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suppressed ERK phosphorylation in response to M-CSF (Fig. 5E).
DISCUSSION

Excessive bone resorption by osteoclasts plays a critical role in
bone-destructive diseases, such as osteoporosis and rheumato-
id arthritis. Thus, suppressing osteoclast formation and/or activity
may represent a useful therapeutic approach for the treatment of
osteoclast-related disorders. In this study, we report that a me-
dium-chain fatty acid, capric acid, suppresses osteoclast diffe-
rentiation, function, and survival. Capric acid inhibits both the
differentiation of precursor cells to TRAP-positive multinuclear
osteoclasts and the cytoskeletal organization and survival of
mature osteoclasts.

The activation of NF-xB by RANKL is a critical event for os-
teoclast differentiation. The essential role of NF-xB in osteoclas-
togenesis and bone homeostasis has been described by obser-
vations from genetic studies. Deletion of the NF-xB subunits p50
and p52 causes severe osteopetrosis in mice due to defective
osteoclast differentiation (Franzoso et al., 1997; lotsova et al.,
1997). In the present study, we found that capric acid significantly
inhibited the RANKL-mediated activation of NF-kB signaling
cascades, as demonstrated by the suppression of IkBo. phos-
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phorylation, p65 nuclear translocation, and NF-kB transcriptional
activity. In addition to NF-xB pathway, three well-known MAPKs
(ERK, JNK, and p38) are also activated by RANKL stimulation
and play important roles in osteoclast differentiation. Previous
studies by our and other groups have demonstrated that the
inhibition of ERK activation suppresses osteoclast formation (He
etal.,, 2012; Kim et al., 2007; 2014a). In the present study, capric
acid specifically blocked the phosphorylation of ERK by RANKL,
whereas it did not affect the activation of JNK and p38.

NFATc1 is a master regulator in osteoclastogenesis, and its
induction is a critical step that determines the cell fate of osteoc-
lasts (Asagiri and Takayanagi, 2007). It has been reported that
NFATc1 is a key target gene of NF-kB at the early phase of
osteoclastogenesis. Asagiri et al. (2005) demonstrated that NF-
«B subunits p50 and p65 are recruited to the NFATc1 promoter
after RANKL stimulation and also showed that the overexpres-
sion of NF-kB activated NFATc1 promoter activity in a luciferase
reporter assay (Asagiri et al., 2005). We observed that the addi-
tion of capric acid suppressed NF-xB activation and blocked
NFATc1 mRNA and protein expression. These results indicate
that capric acid inhibits NF-xB and subsequently reduces
NFATc1 gene expression during RANKL-induced osteoclasto-
genesis. Thus, we suggest that an impaired NF-«xB signal may
contribute to the suppressive effect of capric acid on NFATc1
expression.

Mature osteoclasts attach to bone matrix and undergo charac-
teristic morphological changes that involve the formation of an
actin ring or sealing zone. These polarizing events are pivotal for
osteoclastic bone resorption and require the activation of avp3
integrin, a key modulator of cytoskeletal organization in mature
osteoclasts (Faccio et al., 2003; McHugh et al., 2000). Osteoc-
lasts from B3 integrin-deficient mice were unable to resorb bone
as a result of defective cell spreading and cytoskeletal organiza-
tion, leading to increased bone density (McHugh et al., 2000). In
the present study, we observed that capric acid-treated osteoc-
lasts could not spread, resulting in small and abnormal polyka-
ryons. The morphological similarity between B3 integrin-lacking
osteoclasts and capric acid-treated cells raised the possibility
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Fig. 5. Effect of capric acid on survival of ma-
ture osteoclast. Mature osteoclasts were
treated with capric acid (500 uM) or vehicle for
24 h. (A) The cells were fixed and stained for
TRAP. (B) Osteoclast survival was measured
as the percentage of TRAP-positive MNCs. (C)
The rate of osteoclast apoptosis was measured
by ELISA. The data presented in (B) and (C)
are expressed as the means + SD. **P < 0.001.
(D) The Bim content was determined by immu-
noblotting. B-Actin served as a loading control.
(E) Cells were treated with capric acid (500 pM)
or vehicle and then exposed to M-CSF (50
ng/ml) for 5 min. Total cell lysates were immu-
noblotted with an anti-phospho-ERK' antibody.
Total ERK served as a loading control.

%%

acid

that capric acid might affect the cytoskeletal organization in ma-
ture osteoclasts. In fact, we found that capric acid blocked the
actin ring re-formation induced by two cytokines, RANKL and M-
CSF, establishing that capric acid regulates the osteoclast cy-
toskeleton. These results are consistent with our previous find-
ings that showed that defective cell spreading is accompanied
by failure in osteoclast cytoskeleton organization (Hong et al.,
2011; Kim et al., 2006; 2014a; 2014b). In addition, capric acid
attenuated the expression of the 3 integrin subunit. Therefore,
the suppressive effect of capric acid on B3 integrin expression
likely contributes to the related cytoskeleton disorganization.

Osteoclastic bone resorption is also governed by the rate of
osteoclast apoptosis. Bim is a pro-apoptotic BH3-only Bcl-2
family member, and its expression level is critical for controlling
osteoclast apoptosis. Osteoclasts from Bim-deficient mice
showed enhanced osteoclast survival (Akiyama et al., 2003). In
this study, we observed that capric acid accelerated apoptosis in
mature osteoclasts by the induction of Bim expression. These
results suggest that increased expression of the pro-apoptotic
protein Bim could be associated with capric acid-induced apop-
tosis in osteoclastic cells.

In this study, we demonstrated that a medium-chain fatty acid,
capric acid, inhibits RANKL-induced osteoclast differentiation.
These inhibitory effects occur through the suppression of NF-xB
and ERK activation and the attenuation of NFATc1 induction. In
agreement with our finding, a previous study reported that capric
acid inhibits lipopolysaccharide-induced osteoclastogenesis
through the suppression of nitric oxide production and signal
transducer and activator of transcription 3 activation (Park et al.,
2011). Thus, data from both studies clearly indicate that capric
acid has anti-osteoclastogenic property. Importantly, our study
further shows the novel inhibitory action of capric acid on osteoc-
last cytoskeleton and survival. Therefore, we suggest that capric
acid may become a novel dietary therapeutic agent against os-
teoclast-related diseases.
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