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Abstract
This study determined the effects of miR-338-3p on osteoclast (OC) differentiation and activation. The change levels of miR-
338-3p in differentiated OCs were investigated by microRNA microarray assay and quantitative real-time PCR analysis. The
effects of miR-338-3p on the differentiation and activation of OCs were determined by tartrate-resistant acid phosphatase staining
resorption activity assay and Western blot. Target genes of miR-338-3p were identified by target gene prediction and dual-
luciferase reporter gene detection assay as well asWestern blot. Results showed that miR-338-3pwas markedly downregulated in
differentiated OCs. miR-338-3p could inhibit the formation and absorption activity of OCs. Western blot showed that miR-338-
3p could influence the change levels of OC differentiation–related proteins. Dual-luciferase reporter gene detection assay and
Western blot both showed that miR-338-3p directly targeted IKKβ gene. In conclusion, miR-338-3p may affect the formation
and activity of OCs by targeting the IKKβ gene.
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Introduction

Osteoclasts (OC) originate from mononuclear macrophages of
hematopoietic stem cells. With the regulation of many factors,
OC precursors differentiate on the surface of the bone and fuse
into polynuclear OCs. OCs are the only cells with bone resorp-
tion ability in the human body; thus, the excessive activity of
OC may result in an excessive bone loss (Soo-Jin et al. 2005;
Ono and Nakashima 2018). OC bone resorption initiates the

cycle of bone remodeling, and human bone mass is maintained,
which depends on the dynamic balance of bone formation and
bone resorption (Detsch and Boccaccini 2015). In the body,
osteoblasts are responsible for the secretion of bone matrix
constituents, mineralization of bonematrix, and bone formation
(Khandaker et al. 2016). Conversely, OCs are mainly responsi-
ble for bone resorption (Ono and Nakashima 2018). Most bone
diseases in adults, such as osteoporosis and rheumatoid arthritis,
are caused by over-activated OCs (Kim and Kim 2016).

Previous studies indicated that many miRNAs can affect the
formation and function of OCs by regulating the target genes or
corresponding signal transduction pathways in the process of OC
differentiation and activation (Chen et al. 2014; Dole and Delany
2016). However, the regulatory mechanism of most miRNAs on
OC differentiation and activation remains to be identified. By
using miRNA microarray assay, we found that the expression
of miR-338-3p in differentiated OCs was significantly lower
compared with undifferentiated OCs (P < 0.01). The results sug-
gested that miR-338-3p might play an important role in OC
differentiation. Therefore, miR-338-3p was selected as the re-
search object in this study. miR-338-3p is one of the newly
discovered miRNAs in recent years; it is mainly involved in
the process of cell differentiation. Several studies have identified
the regulatory effects of miR-338-3p on the nervous system,
tumor invasion, metastasis, and osteoblast differentiation. For
example, miR-338-3p can influence the differentiation of mouse
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bone marrow stromal cells by targeting Runx2 and Fgfr2 genes
to produce osteoblasts (Liu et al. 2014). However, the role of
miRNA-338-3p in the regulation of OC formation and function
remains unclear. Therefore, in the present study, the mechanisms
ofmiRNA-338-3p in regulatingOC formation and functionwere
investigated.

The mmu-miR-338-3p target genes were predicted using
the miRWalk 2.0 software. Moreover, the predicted results of
miRWalk, miRanda, RNA22, and Targetscan were compared.
We found that the key gene of IκB kinase β (IKKβ) (Ikbkb,
IKK2) in the NF-κB signal transduction pathways is one of
the target genes of mmu-miR-338-3p. The IKK complex was
critical to the activation of the NF-κB signaling pathways. OC
precursors lacking IKKβ activity exhibited differentiation de-
fects both in vitro and in vivo (Otero et al. 2010). IKKβ plays
a dominant role in OC differentiation.

In this study, OCs and their precursors were used as the
research objects. microRNA microarray assay was employed
to determine the differential expression of miRNAs between
differentiated OCs and OC precursors. We selected the signif-
icant miRNA to predict and verify its target genes. Thus, the
regulatory mechanisms of miRNAs on OC differentiation and
activation were elucidated. The results of this study will im-
prove our understanding of the mechanisms of miRNAs reg-
ulating the differentiation and activation of OCs and may pro-
vide a theoretical basis for the prevention and treatment of
osteoporosis caused by abnormal OC activity.

Materials and Methods

Cells and reagents The murine monocyte/macrophage cell
lines RAW264.7 and 293T were obtained from the American
Type Culture Collection (Manassas, VA). Macrophage colo-
ny-stimulating factor (M-CSF) and receptor activator of
NF-κB ligand (RANKL) were obtained from PeproTech,
Inc. (Rocky Hill, NJ). Acid Phosphatase Kit 387-A (tartrate-
resistant acid phosphatase (TRAP) staining kit) was acquired
from Sigma-Aldrich (St. Louis, MO). OC resorption activity
was detected using the Corning Osteo Assay Surface (COAS;
Corning Inc., Corning, NY). Dulbecco’s modified eagle me-
dium (DMEM), minimum essential medium alpha (MEM-
alpha), and fetal bovine serum (FBS) were purchased from
GE Healthcare (Salt Lake City, UT). miRNA-338-3p primer,
U6 prime, and All-in-One™ miRNA qRT-PCR Detection Kit
were purchased from GeneCopoeia, Inc. (Rockville, MD).
Total RNA Kit I was bought from Omega Bio-Tek, Inc.
(Norcross, GA). Bicinchoninic acid protein assay kit, nitrocel-
lulose filter membranes, blocking buffer, primary antibody
dilution buffer, Western blot wash buffer, and secondary anti-
body dilution buffer were obtained from (Beyotime
Biotechnology, Shanghai, China). Primary anti-c-Fos, anti-
phosphorylated (phospho)-c-Fos, anti-c-Jun, anti-phospho-c-

Jun, anti-activated T nuclear factor (NFATc1), and anti-IKKβ
were all purchased from Cell Signaling Technology, Inc.
(Danvers, MA). Anti-β-actin antibody and goat anti-rabbit
IgG-horseradish peroxidase (HRP) secondary antibody were
bought from Santa Cruz Biotechnology, Inc. (Dallas, TX).
Immobilon Western Chemiluminescent HRP Substrate
Detection reagent was bought from EMD Millipore
(Burlington). Dual-luciferase reporter gene detection system
kit was bought from Promega Corporation (Madison).
Lipofectamine 2000 transfection reagent was bought from
Invitrogen Corporation (Carlsbad, CA).

RAW264.7 cell cultures and M-CSF + RANKL induction The
RAW264.7 cells were incubated in DMEM containing 10%
FBS, 2 mM/L L-glutamine, 100 U/mL penicillin, and 100 μg/
mL streptomycin at 37°C in a humidified atmosphere of 5%
CO2. To induce OC differentiation, RAW264.7 cells were re-
suspended in MEM-alpha and seeded into 96-well plates (3 ×
103 cells/mL), COAS (3 × 103 cells/mL), and 6-well plates (1 ×
105 cells/mL) for 4 h of cultivation. The medium was changed
to MEM-alpha plus 25 ng/mL M-CSF + 30 ng/mL RANKL.

MicroRNA microarray assay The RNAs of OC precursors
(RAW264.7 cells) and differentiated OCs were extracted.
MicroRNA microarray assay was performed by KangChen
Bio-tech (Shanghai, China), and each sample was biologically
repeated three times. The extracted RNA was labeled with
miRCURY™ Array Power Labeling kit (Cat #208032-A,
Exiqon, Vedbaek, Denmark) after quality inspection. After label-
ing, the sample was hybridized with miRCURY™ LNA Array
(v.19.0) (Exiqon Vedbaek, Denmark) chip according to the man-
ufacturer’s instructions. The chip was scanned using Axon
GenePix 4000B chip scanner. GenePix Pro 6.0 was employed
to read the chip scan image and extract the signal value of the
probe. The same probe takes the median value for merging. The
probes that were ≥ 30.0 in all samples were kept, the median
value of all chips was standardized, and the differential expres-
sion probeswere screened. Fold change andP valuewere used to
screen the differentially expressed miRNAs between the two
groups. Fold change was used to screen the differentially
expressed miRNAs between the two samples. Finally, the differ-
entially expressed miRNAs were clustered, and the cluster dia-
gram was drawn.

Expression levels of miR-338-3p were detected by quantita-
tive real-time PCR assay According to the experimental design,
the cells were cultured and then collected. The total RNAs were
extracted, and the cDNAs were inverted. The expression levels
of miR-338-3p were detected by quantitative real-time PCR
(qRT-PCR) assay and compared with the results of microRNA
microarray assay. The miRNA-338-3p expression levels in OC
precursors and differentiated OCs were monitored by stem-loop
fluorescence quantitative PCR assay.
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Transfection of miR-338-3p mimics and inhibitors miR-338-
3p mimics and inhibitors were synthesized by Suzhou
GenePharma Co., Ltd. (Suzhou, China). They were
transfected into M-CSF + RANKL inducing OC precursors
using Lipofectamine 2000 transfection reagent. After 6 h of
transfection, the medium was changed to M-CSF + RANKL-
induced medium for 96 h of cultivation.

TRAP staining miR-338-3p mimics and inhibitors were
transfected into the M-CSF + RANKL inducing OC precur-
sors employing Lipofectamine 2000 transfection reagent. At
the end of cultivation, TRAP staining was performed follow-
ing the instructions of the TRAP staining kit. In short, cells
were fixed by 4% polyformaldehyde solution for 10 min and
washed by double-distilled water twice. TRAP solution was
added into samples, and cells were stained for 60 min in 37°C.
The staining solution was removed, and cells were washed by
double-distilled water for twice. Stained TRAP-positive cells
were observed under an inverted microscope. Three wells
were taken, and ten visual fields were randomly selected to
count more than three cell nuclei in each well.

Absorption activity was determined by COAS miR-338-3p
mimics and inhibitors were transfected into the M-CSF +
RANKL inducing OC precursors. After cultivation, the medi-
um was discarded, the COAS wells were cleaned twice with
double-distilled water, and further ultrasonic washing was
conducted for 3 min. Next, 10% hypochlorous acid solution
was added into the COAS wells and maintained at room tem-
perature for 5 min. Then, the COAS wells were washed with
double-distilled water twice and dried naturally for 3 to 5 h.
Ten visual fields were randomly selected for each well and
photographed, and the areas of absorption pits were calculated
using an image analysis software (version 1.0, Jeda).

Protein preparation and Western blot assay miR-338-3p
mimics and inhibitors were transfected into the M-CSF +
RANKL inducing OC precursors. At the end of incubation,
cells were collected and lysed in ice for 30 min. After ultra-
sonic lysis, the samples were centrifuged for 10 min, and then
the supernatant was collected. Total protein concentrations of
each group were determined for each sample, and equal
amounts were separated on 12% SDS-polyacrylamide gels at
110 V for 120 min. The protein samples were transferred to
nitrocellulose membranes for 90 min, and the membranes
were blocked at room temperature for 90 min. The samples
were incubated with primary anti-c-Fos, anti-phosphorylated
(phospho)-c-Fos, anti-c-Jun, anti-phospho-c-Jun, anti-
NFATc1, anti-β-actin antibody, and anti-IKKβ (1:1000) at
4°C overnight. Then, the nitrocellulose membranes were
washed with Tris-buffered saline and Tween 20 solution.
The nitrocellulose membranes were incubated with goat
anti-rabbit IgG-HRP secondary antibody and goat anti-

mouse IgG-HRP secondary antibody (1:5000) at room tem-
perature for 90 min. Enhanced chemiluminescence assay was
performed. The gray levels of the protein bands were analyzed
using the Image Lab software (version 5.2, Bio-Rad,
Hercules, CA).

Dual-luciferase reporter gene detection assay microRNAwas
diluted with DEPC-H2O, and the final concentration was
20 μM. In total, 100 μL serum-free DMEM, 10 μL
microRNA, and 1.6 μg double fluorescent report vector were
successively added into an EP tube and blended completely.
Subsequently, 100 μL serum-free DMEM and 4 μL
Lipofectamine 2000 were successively added into another
EP tube and blended completely. With a 5-min incubation at
room temperature, the solutions in the two tubes were mixed
together at room temperature for 20min. 293Tcells were fused
to 80–90% and washed with PBS. The cells were dissociated
and resuspended; they were inoculated into 12-well plates at
5 × 105 cells/well for 24 h of incubation. The medium was
discarded, and the above mixture was added into cells gradu-
ally. The cells were then incubated at 37°C for 5 h. The trans-
fection medium was removed, and DMEM containing 10%
FBS was added for 24 and 48 h of cultivation at 37°C in a
humidified atmosphere of 5% CO2. The samples were collect-
ed for double luciferase system detection. The cells were
washed with cold PBS twice, and 300-μL passive lysis buffer
was added into the culture plate. Samples were gently shaken
for 15 min at room temperature, and the lysate was transferred
to the test plates (100 μL each well) with three repeat wells for
each group. A total of 10 μL of LARII reagent (freeze-dried
powder luciferase assay substrate dissolved in luciferase assay
buffer II solution) was added into each well. The firefly lucif-
erase activity was detected with an enzyme-labeled meter. The
test plate was taken out, 10 μL of Stop & Glo reagent was
added to each well, and the Renilla activity was detected with
an enzyme-labeled meter. The relative expression level was
calculated according to the firefly/Renilla ratio.

Statistical analysisAll experiments were repeated in triplicate,
and the data were expressed as the mean ± standard error of
the mean (SEM). Statistical differences between groups were
evaluated by one-way ANOVA followed by Tukey’s post hoc
tests using SPSS version 17.0 software. The statistical signif-
icance was set at P < 0.05.

Results

miR-338-3p is remarkably downregulated in differentiated
OCs miRNA expression profiles in the OC precursors
(RAW264.7 cells) and differentiated OCs were compared by
microRNA microarray assay. Results indicated that the ex-
pression levels of mmu-miR-199b-5p, mmu-miR-10a-5p,
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Figure 1. microRNA microarray
assay. Compared with
undifferentiated cells, the
expression levels of mmu-miR-
338-3p were significantly de-
creased (P < 0.01) in differentiat-
ed OCs (red: high relative ex-
pression, green: low relative ex-
pression, gray: missing value).
The results are expressed as mean
± SEM. **P < 0.01, *P < 0.05
versus undifferentiated cell
groups.
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mmu-miR-10b-5p, mmu-miR-24-1-5p, mmu-miR-223-3p,
and mmu-miR-338-3p were all downregulated in differentiat-
ed OCs. Meanwhile, the expression levels of mmu-miR-291a-
5p, mmu-miR-125b-1-3p, and mmu-miR-291b-5p were all
increased in differentiated OCs (Fig. 1). In particular, the ex-
pression levels of mmu-miR-338-3p were decreased (fold
change = 25.4129,P = 0.000541). Further, qRT-PCR assay in-
dicated that the expression levels of mmu-miR-338-3p were
reduced significantly in differentiated OCs (P < 0.05)
(Fig. 2a). These results were in agreement with the results of
microRNA microarray assay. Besides, data indicated that rel-
ative mmu-miR-338-3p expression levels were increased sig-
nificantly by miR-338-3p mimic transfection while decreased
significantly bymiR-338-3p inhibitor transfection (Fig. 2b, c).

miR-338-3p inhibited the differentiation of OCs TheM-CSF +
RANKL-induced OCs were TRAP-positive and multinuclear

and had large cell volume. Moreover, the cytoplasm was wine
red in color (Fig. 3a). TRAP-positive cell counting showed
that compared with the M-CSF + RANKL groups (17.60 ±
2.50), TRAP-positive cells were significantly decreased in the
miR-338-3pmimic groups (6.80 ± 1.22) (P < 0.01) and signif-
icantly increased in the miR-338-3p inhibitor groups (38.53 ±
2.64) (P < 0.01) (Fig. 3b).

miR-338-3p inhibited the absorption activity of OC OCs
showed active absorption activity in the M-CSF + RANKL
groups and could absorb the bottom of COAS and form ob-
vious resorption lacunae (Fig. 4a). Compared with theM-CSF
+ RANKL groups (5177.29 ± 6283.96 μm2), the area of ab-
sorption pits in the miR-338-3p mimic groups (4175.27 ±
2187.32 μm2) was excessively decreased (P < 0.01), while
that in the miR-338-3p inhibitor groups (152,157.65 ±
22,276.90 μm2) was significantly increased (P < 0.01) (Fig.
4b).

miR-338-3p influenced the change levels of proteins and tran-
scription factors related to OC differentiation Both c-Fos and
Jun belong to the AP-1 protein family; these proteins are crit-
ical for OC differentiation. Activated c-Fos further activates
the downstream transcription factor NFATc1 and eventually
induces the differentiation of OC (Ono and Nakashima 2018).
The expression levels of NFATc1, p-c-fos, and c-fos were
enhanced in the M-CSF + RANKL groups and miR-338-3p
inhibitor groups, while the expression levels of NFATc1, p-c-
jun, p-c-fos, and c-fos were decreased in the miR-338-3p
mimic groups (Fig. 5).

miR-338-3p directly targeted IKKβ The RNA-induced silenc-
ing complex binds to the 3′ untranslated region (UTR) of
the target mRNA and degrades the target mRNA or in-
hibits its translation (Bartel 2004). miR-338-3p target
genes were predicted by miRWalk 2.0 software. One
miR-338-3p target gene was located in the coding se-
quence (CDS) of IKKβ. To investigate whether miR-
338-3p directly targets IKKβ, a luciferase reporter con-
struct containing CDS of IKKβ was generated, and two
mutations were introduced into the predicted miRNA-
binding site (Fig. 6a, b). 293T cells were transfected into
miR-338-3p mimics, and luciferase activity was detected.
The results showed that the luciferase activity in the
IKKβ-3′-UTR WT-miR-338-3p transfection groups was
significantly lower than that in the empty vector transfec-
tion groups (P < 0. 05); moreover, there was no decrease
in luciferase activity in the IKKβ-3′-UTR MUT-miR-338-
3p transfection groups (Fig. 6c).

Western blot showed that compared with the M-CSF +
RANKL-induced groups, the expression levels of IKKβ pro-
teins were decreased in the miR-338-3p mimic transfection
groups. This finding proved that IKKβ is one of the target

Figure 2. Expression levels of mmu-miR-338-3p were detected by qRT-
PCR. (a) Compared with undifferentiated cells, the expression levels of
mmu-miR-338-3p in differentiated OCs were significantly decreased
(P < 0. 05), which was consistent with the results of microRNA microar-
ray assay. (b, c) Relative mmu-miR-338-3p expression levels were deter-
mined. The results are expressed as mean ± SEM. **P < 0.01, *P < 0.05
versus undifferentiated cell groups.
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genes of miR-338-3p, and miR-338-3p inhibits the expression
of IKKβ protein (Fig. 6d).

Discussion

In this study, microRNA microarray assay and qRT-PCR
showed that miR-338-3p was significantly downregulated in
differentiated OCs. The results indicated that miR-338-3p
could inhibit the formation and absorption activity of OCs
in vitro; this result is consistent with the previous findings
(Zhang et al. 2016). Western blot suggested that miR-338-3p
could influence the change levels of OC differentiation–
related proteins and transcription factors. Dual-luciferase re-
porter gene detection assay and Western blot assay showed
that miR-338-3p directly targeted IKKβ.

In some cases, the rate of bone reconstruction is higher than
that of the physiological state. Given that the period of bone
formation is longer than the period of bone resorption, the rate
of new bone formation is slower than the rate of absorbing old
bone, resulting in more bone loss; therefore, the total bone
mass is reduced, which may cause the occurrence of

osteoporosis. Inhibition of bone resorption is one of the im-
portant strategies for the prevention and treatment of osteopo-
rosis (Xia et al. 2011). At the same time, the bone resorption
rate depends on the number and activity of OCs (Horne et al.
2008). The number and activity of OCs are affected by many
factors; thus, it is very important to determine the mechanism
of these factors.

miRNAs play pivotal roles in bone formation and bone
resorption, both of which are related to osteoporosis.
Previous studies demonstrated that miRNAs can regulate the
differentiation and formation of osteoblasts (Xia et al. 2011).
The regulation of miRNAs on OCs and the mechanisms of
osteoporosis caused by abnormal OC activity need to be
elucidated.

RANKL is a member of the tumor necrosis factor (TNF)
family. It is secreted by osteoblasts and can be combined with
receptor activator of NF-κB (RANK) on the surface of OCs.
The differentiation and activation of OCs are regulated via the
RANKL/RANK signaling pathways. In OC precursors,
RANKL/RANK can activate downstream key transcription
factors related to OC differentiation and activation, such as
c-Fos and NFATc1, and induce the expression of OC

InhibitorsMimicsM + R

a

b

Figure 3. miR-338-3p influenced OC differentiation in M-CSF +
RANKL-stimulated RAW264.7 cells. (a) RAW264.7 cells were seeded
into 96-well plates. They were pre-treated with M-CSF + RANKL. After
overnight incubation, miR-338-3p mimics and inhibitors were transfected
into the M-CSF + RANKL inducing OC precursors. After 6 h of

transfection, the medium was changed into M-CSF + RANKL-induced
medium. After another 96 h of incubation, TRAP staining was conducted.
(b) TRAP-positive multinucleated cells (TRAP+) were counted and com-
pared. The results are expressed as mean ± SEM. **P < 0.01, *P < 0.05
versus M-CSF + RANKL groups. Original magnification × 100.
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differentiation–related genes (Shigeru et al. 2012). NFATc1 is
a master transcription factor in OC differentiation. NFATc1,
AP-1 (Fos/Jun), PU.1, and microphthalmia-associated tran-
scription factor construct specific transcriptional complexes.

The transcriptional complexes synergistically act on promoter
regions of OC-specific genes, which induce the expression of
OC attachment, migration, acidification, and degradation of
bone matrix–related genes, such as TRAP, calcitonin receptor,

InhibitorsMimicsM + R

a

b

Figure 4. miR-338-3p influenced OC absorption activity in M-CSF +
RANKL-stimulated RAW264.7 cells. (a) RAW264.7 cells were seeded
into COAS and pre-treated with M-CSF + RANKL overnight. Then,
miR-338-3p mimics and inhibitors were transfected into the M-CSF +
RANKL inducing OC precursors. After 6 h of transfection, the medium
was changed into M-CSF + RANKL-induced medium. After another

96 h of incubation, the adherent cells were removed, and the resorption
lacunae on the COAS bottom were observed. (b) Pit formation area was
calculated and compared. The results are expressed as mean ± SEM.
**P < 0.01, *P < 0.05 versus M-CSF + RANKL groups. Original mag-
nification × 100.

M + R mimics inhibitors

β-actin

c-fos

c-jun

NFATc1

p-c-fos

p-c-jun

140 kD

62 kD

62 kD

43, 48 kD

48 kD

42 kD
Figure 5. Effects of miR-338-3p on the change levels of proteins and
transcription factors related to OC differentiation. RAW264.7 cells were
seeded into six-well plates and pre-treated with M-CSF + RANKL over-
night. Then, miR-338-3p mimics and inhibitors were transfected into the

M-CSF + RANKL inducing OC precursors. After 6 h of transfection, the
medium was changed into M-CSF + RANKL-induced medium and in-
cubated for 96 h. After cultivation, total proteins were extracted and an
equal amount of proteins was assayed by Western blot.
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cathepsin K, and integrin-β3, and OC-associated receptors
(Zhao et al. 2010).

Several miRNAs, such as miR-21, miR-29a, miR-29b,
miR-29, miR-223, miR-378, miR-146a, miR-503, miR-

133a, miR-31, miR-125a, miR-148a, miR-124, miR-
422a, and miR-155, can regulate the target genes or cor-
responding signal transduction pathways in the differenti-
ation and activation of OCs, which further influences the

3' guUGUUUUAGUGACUACGACCu 5' mmu-miR-338-3p

| | | | | | | | | | | |

5' AGCTCTGACAATAAAGATGCTGGC 3' IKK β

IKK βWT

5'ACTGGTAAACTGTCTGAAAGCTCTGACAATAAAGATGCTGGCTTAAGCTCAGTGTAAATT3'

IKK β MUT

5'ACTGGTAAACTGTCTGAAAGCTCTGAGTTTAAACTACGACCCTTAAGCTCAGTGTAAATT3'

β-actin 42 kD

IKKβ 87 kD

M + R mimics

a

b

c

d

Figure 6. MiR-338-3p directly targeted IKKβ. (a) miR-338-3p targets in
the CDS of IKKβ. (b) IKKβ WT (i.e., IKKβ wild-type sequence was
constructed into pmir GLO vector) and IKKβ MUT vectors (i.e., IKKβ
mutant sequence was constructed into pmir GLO vector) were construct-
ed. The groups were as follows: mimic-negative control + IKKβ WT,
mimic-negative control + IKKβ MUT, mmu-miR-338-3p + IKKβ WT,
mmu-miR-338-3p + IKKβ MUT, mimic-negative control + mmu-miR-
338-3p-positive control, and mmu-miR-338-3p + mmu-miR-338-3p-
positive control with three multiple wells for each group. The results

are expressed as mean ± SEM. **P < 0.01, *P < 0.05 versus mimic-
negative control groups. (d) RAW264.7 cells were seeded into six-well
plates and pre-treated withM-CSF + RANKL overnight. Then, miR-338-
3p mimics and inhibitors were transfected into the M-CSF + RANKL
inducing OC precursors. After 6 h of transfection, the medium was
changed into M-CSF + RANKL-induced medium and incubated for
96 h. After cultivation, total proteins were extracted and an equal amount
of proteins was assayed by Western blot.
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formation or function of OCs (Chen et al. 2014; Tang
et al. 2014; Dole and Delany 2016). However, regulatory
mechanisms of most miRNAs on OC differentiation and
activation still need to be determined. miR-338-3p is a
newly discovered miRNA; it is mainly involved in the
process of cell differentiation. Previous studies have iden-
tified the regulatory effects of miR-338-3p on the nervous
system, tumor invasion and metastasis, and osteoblast dif-
ferentiation. For example, miR-338-3p can influence the
differentiation of mouse bone marrow stromal cells into
osteoblasts by targeting Runx2 and Fgfr2 genes (Liu et al.
2014). Moreover, study demonstrated that miRNA-338-3p
played a negative regulatory role in glucocorticoid-
induced osteoclast differentiation (Zhang et al. 2016).
Nevertheless, the detailed role of miR-338-3p in the reg-
ulation of OC formation and function is far still unclear.

Nfkb1 and Nfkb2 knockout mice were found to be unable
to form OCs due to the loss of NF-κB activity, which resulted
in osteopetrosis occurrence; therefore, the roles of the NF-κB
signaling pathways in bone biology have gradually been rec-
ognized (Iotsova et al. 1997). The IKK complex is important
to the activation of the NF-κB signaling pathways. The IKK
complex consists of two catalytic subunits, namely, IKKα and
IKKβ, and one regulatory subunit, namely, IKKγ/NF-κB es-
sential modulator (NEMO) (Yong et al. 2015). There are two
NF-κB signaling pathways in cells: the classical NF-κB path-
way and the alternative NF-κB pathway. The classical NF-κB
pathway is usually activated by the IKK complexes, which are
stimulated by TNF, IL-1, and RANKL. In this pathway, the
main components of the IKK complex are IKKβ and
NEMO/IKKγ, which target and degrade IκBα. In the alterna-
tive NF-κB pathway, IKKα is activated by NF-κB, which
induces NIK, while IKKα controls the translocation into the
nucleus of IκB, p100, p52, and subsequent RelB/p52 com-
plexes (Abu-Amer 2013). Although the IKKα and IKKβ ki-
nases possess homologous sequences, their role in OC forma-
tion is very different. OCs lacking IKKα activity exhibit
dysdifferentiation in vitro, but the lack of IKKα activity does
not affect the skeletal phenotype of experimental animal
models. However, OC precursors lacking IKKβ activity show
dysdifferentiation both in vitro and in vivo (Otero et al. 2010).
Thus, compared with IKKα, IKKβ plays a more important
role in the differentiation of OC.

Both dual-luciferase reporter gene detection assay and
Western blot assay suggested that miR-338-3p directly
targeted the IKKβ gene. The results indicated that miR-338-
3p may affect the formation and activity of OCs by targeting
IKKβ gene.
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