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Abstract. Osteoporosis (OP) results from an imbalance
between bone formation, which is regulated by osteoblasts,
and bone resorption, which is mediated by osteoclasts.
MicroRNA-22-3p (miR-22-3p) expression is decreased
during the process of osteoclast differentiation and p38α
mitogen-activated protein kinase (MAPK)14 promotes the
proliferation and differentiation of osteoclast progenitors.
However, whether miR-22-3p could target MAPK14 to regulate the progression of OP remains unknown, which was the
aim of the present study. CD14 + PBMCs were used for the
establishment of osteoclastic differentiation in vitro. In the
present study, reverse transcription quantitative PCR was
used to determine the mRNA expression of MAPK14, tartrate
resistant acid phosphatase (TRAP), nuclear factor of activated
T-cells (NFATC1) and cathepsin K (CTSK). Western blotting
was applied to determine the protein expression of MAPK14,
TRAP, NFATC1, CTSK, p-p65 and p65. Dual luciferase
reporter assay was applied to confirm the relation between
miR-22-3p and MAPK14. Cell Counting Kit-8 assay and flow
cytometry assays were used to determine the cell proliferation
and cell apoptosis, respectively. The results demonstrated that
miR-22-3p expression was lower while MAPK14 expression
was higher in the serum from patients with OP compared with
healthy volunteers. Furthermore, miR-22-3p expression was
negatively correlated with MAPK14 expression in patients
with OP. In addition, miR-22-3p expression was decreased
and MAPK14 expression was increased during the progression of CD14+peripheral blood mononuclear cells (PBMCs)
osteoclastic differentiation in a time-dependent manner.
Furthermore, miR-22-3p inhibited the proliferation and
differentiation and promoted the apoptosis of CD14+PBMCs
by targeting MAPK14. In summary, the findings from the
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present study suggested that miR-22-3p may serve a potential
therapeutic role in patients with OP.
Introduction
Osteoporosis (OP) remains the most common progressive
skeletal disease. This disease limits the activity of patients (1)
and decreases the quality of life in elders and postmenopausal
women (2). The modeling and remodeling of bone is a dynamic
metabolic process primarily mediated by the osteoblasts,
which form new bone by secretion of bone matrix and acceleration of calcium (Ca2+) deposition, and the osteoclasts, which
resorb old bone by resolving mineralized bone matrix (3,4). In
case of imbalance between osteoblastic bone formation and
osteoclastic bone resorption (5), which can lead to upregulated
bone resorption, downregulated bone formation or both (6,7),
OP can occur.
MicroRNAs (miRNAs) are a subclass of non-coding
RNAs of 19-25 nucleotides in length, which regulate the
expression of target genes at post-transcriptional level (8).
Previous studies have reported the importance of miRNAs
in the regulation of skeletal development, bone formation
and homeostasis (9,10). For example, miR-125b, miR-29a and
miR-378 have been demonstrated to be involved in osteoblastic differentiation (11-13). Furthermore, miR-21, miR-155
and miR-223 have been found to be implicated in osteoclastic
differentiation (14,15). In 2015, miR-22-3p expression was
found to be decreased in the bone of patients who suffered a
bone fracture (16). In 2016, miR-22-3p was discovered to be
downregulated during the progression of osteoclastic differentiation (17). In 2018, miR-22-3p expression was reported to
be decreased in the bone of patients with OP (18). In 2020,
extracellular vesicle-encapsulated miR-22-3p from bone
marrow mesenchymal stem cells were found to induce osteogenic differentiation via Fat mass- and obesity-associated gene
inhibition (19). However, the underlying mechanisms of miR22-3p during the process of osteoclast differentiation have not
yet been reported, which was explored in the present study.
Materials and methods
Clinical samples. A total of 30 healthy volunteers (mean age,
59.79±6.53 years; age range, 47-68 years) and 30 postmenopausal women with OP (mean age, 60.23±7.15 years; age range,
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49-69 years) were included in the present study. Blood samples
(5 ml) were collected from each participant for the determination of miR-22-3p and p38α mitogen-activated protein kinase
(MAPK)14 expression. This study was approved by the Ethics
Committee of Chongqing Public Health Medical Center
(approval no. CMC20180106). Each participant provided a
signed informed consent prior to the beginning of the study.
Bone mineral density (BMD) measurement. The BMD of each
participant was determined at the lumbar spine (L1-L4) and
the left femoral neck through dual-energy X-ray absorptiometry (DXA) using a Hologic 4500 bone densitometer (Hologic),
according to the World Health Organization criteria (20). Each
scan was handled by a single technician and repeated thrice
with repositioning between each scan. The precision of the
machine, which is presented as percentage coefficient of variation (CV%), varied between subregions. CV% for BMD of the
lumbar spine (L1-L4) was <1%, whereas CV% for BMD of the
left femoral was <2%.
Isolation and incubation of CD14+peripheral blood mononuclear cells (PBMCs). Osteoclasts are primary bone-resorbing
cells which can form from precursor fusion, and CD14+PBMCs
are early progenitors for osteoclasts (21). Furthermore,
osteoclast formation can occur in CD14+PBMCs with the stimulation of macrophage colony stimulating factor (M-CSF) and
receptor activator of nuclear factor-κ B ligand (RANKL) (22).
Subsequently, the present study used CD14 +PBMCs for the
study of OP in vitro. PBMCs were extracted as previously
described (22). CD14 +PBMCs were purified using CD14
antibody-coated magnetic cell sorting MicroBeads (Miltenyi
Biotec GmbH). When CD14+PBMCs reached 90% purity by
flow cytometry, they were seeded into 48-well plates at the
density of 2.5x105 cells/well. CD14+PBMCs were incubated
in α -MEM (Invitrogen; Thermo Fisher Scientific, Inc.)
containing 10% FBS (Gibco; Thermo Fisher Scientific, Inc.),
penicillin (50 IU/ml) and streptomycin (50 mg/ml) (Gibco;
Thermo Fisher Scientific, Inc.) and placed in an incubator with
5% CO2 at 37˚C for 2 h.
Osteoclastic differentiation. For the establishment of osteoclastic differentiation in vitro, CD14+PBMC initial complete
culture medium was changed for α-MEM containing M-CSF
(25 ng/ml; R&D Systems, Inc.) and RANKL (25 ng/ml; R&D
Systems, Inc.). The complete culture medium containing
differentiation factors, 10% FBS, penicillin (50 IU/ml) and
streptomycin (50 mg/ml) was refreshed every three days and
floating cells were removed. After incubation for six days,
CD14+PBMCs were collected for subsequent experiments.
Cell transfection. For the overexpression of miR-22-3p,
CD14 +PBMCs (2x10 4 cells/ml; 200 µl) were seeded into
48-well plates and transfected with miR-NC mimic (sense,
5'-U UCUCCGA ACGUGUCACGU-3' and antisense,
5'-ACGUGACACGUUCGGAGAA-3') or miR-22-3p mimic
(sense, 5'-AAAAGCUGCCAGUUGAAGAACUGU-3' and
antisense, 5'-ACAGUUCUUCAACUGGCAGCUUUU-3')
(50 nmol/l; Guangzhou Ribobio Co., Ltd.) using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.).
After transfection for 48 h, CD14+PBMCs were subsequently

Table I. Clinicopathological characteristics of participants.
Variable
Age, years
BMI, kg/m2
Femoral neck
BMD, g/cm2
Lumbar spine
BMD, g/cm2

Healthy
volunteers

Patients
with OP

P-value

59.79±6.53
23.59±4.14
0.89±0.12

60.23±7.15
24.23±3.09
0.62±0.13

>0.05
>0.05
<0.001

0.85±0.16

0.61±0.09

<0.001

treated with M-CSF and RANKL as aforementioned and
collected for subsequent experiments.
To overexpress MAPK14, CD14+PBMCs (2x104 cells/ml;
200 µl) were seeded into 48-well plates and transfected with
pcDNA3.1 or pcDNA3.1-MAPK14 (2 µg; Sangon Biotech
Co., Ltd.) using Lipofectamine 2000. After transfection for
48 h, CD14+PBMCs were subsequently treated with M-CSF
and RANKL as aforementioned and collected for subsequent
experiments. At 48 h after the transfection, cells were used for
subsequent experiments.
Dual luciferase reporter assay. The binding site between
miR-22-3p and MAPK14 was predicted by TargetScan 7.1
(http://www.targetscan.org/vert_71/). To verify the interaction between miR-22-3p and MAPK14, CD14 +PBMCs
(1x105 cells/ml) were seeded into 24-well plates and co-transfected with wild type (WT) or mutant (MUT) MAPK14
3'-UTR (400 ng) which was cloned into psiCHECK2 (Promega
Corporation) and miR-NC mimic or miR-22-3p mimic
(20 nmol/l) using Lipofectamine 2000. After incubation for
48 h, CD14 +PBMCs were collected for the determination
of luciferase activity with the dual-luciferase reporter assay
(Promega Corporation). The relative luciferase activity was
normalized to Renilla luciferase activity (Promega corporation).
Cell proliferation assay. CD14+PBMC proliferation was determined using Cell Counting Kit-8 (CCK-8; Dojindo Molecular
Technologies, Inc.). CD14+PBMCs were seeded into 96-well
(1x103/well) and incubated for 0, 24, 48 or 72 h. CCK-8 solution (10 µl) was added into each well and incubated for 1 h at
37˚C. Absorbance at 450 nm was determined on a microplate
reader.
Cell apoptosis assay. CD14+PBMC cell apoptosis was determined using the Annexin V-FITC/propidium iodide (PI)
Apoptosis Detection kit (Sigma-Aldrich; Merck KGaA) on
a flow cytometer (BD Biosciences). Briefly, CD14 +PBMCs
were collected by after centrifugation at 1,000 x g for 5 min
at 4˚C and resuspended in 500 µl binding buffer. Subsequently,
CD14+PBMCs were stained with Annexin V-FITC (100 µl) for
15 min and PI (10 µl) for 5 min in the dark. The cell apoptotic rate was quantified on a flow cytometry and analyzed by
CellQuest version 3.3 (BD Biosciences).
RNA isolation from serum and cells. Serum samples were
obtained from whole blood by centrifugation at 2,000 x g
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Figure 1. miR-22-3p expression level is decreased in serum and CD14+PBMCs from patients with OP. miR-22-3p expression was lower in (A) patients with
postmenopausal OP compared with healthy volunteers and (B) CD14+PBMCs treated with M-CSF and RANKL for 6 days compared with untreated cells.
**
P<0.01. OP, osteoporosis; miR, microRNA; PBMCs, peripheral blood mononuclear cells; M-CSF, macrophage colony stimulating factor; RANKL, receptor
activator of nuclear factor-κ B ligand.

for 15 min at room temperature after being incubated at
room temperature for 30 min. For detection of miRNA, total
RNA was isolated from serum (200 µl) of participants or
CD14 +PBMCs using miRNeasy Serum/Plasma kit (Qiagen
GmbH). For the detection of mRNA, total RNA was isolated
from serum of participants or CD14+PBMCs using TRIzol®
(Invitrogen; Thermo Fisher Scientific, Inc.).
Reverse transcription quantitative (RT-q)PCR. Complementary
DNA (cDNA) was obtained from miRNA and mRNA using
TaqMan MicroRNA Reverse Transcription kit (Thermo Fisher
Scientific, Inc.) and First Strand cDNA Synthesis Kit (Takara
Bio, Inc.), respectively. RT-qPCR reactions were performed as
follows: 95˚C for 30 sec, followed by 40 cycles at 95˚C for
5 sec and at 60˚C for 20 sec using SYBR Green qPCR assay
kit (Takara Bio, Inc.) on an ABI 7500 Real-Time PCR System
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The relative expression levels of miR-22-3p and of MAPK14, tartrate
resistant acid phosphatase (TRAP), nuclear factor of activated
T-cells (NFATC1) and cathepsin K (CTSK) were normalized
to endogenous controls U6 or GAPDH, respectively, and were
expressed as 2 -∆∆ Cq (23). The following primer sequences
were used: GAPDH forward, 5'-GCACCGTCAAGGCTGAG
AAC-3' and reverse, 5'-TGGTGAAGACGCCAGTGGA-3';
U6 for wa rd, 5'- GTGCTCGCT TCGGCAGCACAT-3'
and reverse, 5'-AATATGGAACGCTTCACGAAT-3';
CTSK forward, 5'-TCCGCAATCCTTACCGAATA-3' and
reverse, 5'-AACTTGAACACCCACATCCTG-3'; NFATC1
forward, 5'-TACCAGCGTTTCACCTACCT-3' and reverse,
5'-CCCTTTTCCTTTCCTTTTCA-3'; TRAP forward,
5'-AGACATCAATGACAAGAGGT-3' and reverse, 5'-AAG
TGCAGGCGGTAGA A AGG-3'; miR-22-3p for wa rd,
5'-AAGCTGCCAGTTGAAGAACTGT-3' and reverse,
5'-ACAGTTCTTCAACTGGCAGCTT-3'; MAPK14 forward,
5'-GAAAAGGGTCTTCTTGGCAGCTT-3' and reverse,
5'-AAGCTGCCAAGAAGACCCTTTTC-3'.
Western blotting. CD14+PBMCs were lysed on ice using RIPA
(Sigma-Aldrich; Merck KGaA) containing PMSF and protease
inhibitors (Roche Diagnostics GmbH). Protein concentration

was determined by a BCA kit (Thermo Fisher Scientific, Inc.).
Proteins (20 µg per lane) were separated by 10% SDS-PAGE
and transferred onto PVDF membranes (EMD Millipore).
Membranes were blocked with 5% bovine serum albumin
(Beyotime Institute of Biotechnology) at room temperature
for 1 h and were incubated with primary antibodies against
GAPDH (1:1,000; cat. no. 5174; Cell Signaling Technology,
Inc.), MAPK14 (1:1,000; cat. no. 8690; Cell Signaling
Technology, Inc.), TRAP (1:1,000; cat. no. ab65854; Abcam),
NFATC1 (1:1,000; cat. no. ab25916; Abcam), CTSK (1:1,000;
cat. no. ab37259; Abcam), p-p65 (1:1,000; cat. no. 3033; Cell
Signaling Technology, Inc.) and p65 (1:1,000; cat. no. 8242;
Cell Signaling Technology, Inc.) at 4˚C overnight. Membranes
were then incubated with anti-rabbit (1:2,000; cat. no. 7074) or
anti-mouse HRP-conjugated secondary antibody (1:2,000; cat.
no. 7076; both from Cell Signaling Technology, Inc.) at room
temperature for 1 h. Enhanced chemiluminescence reagent
(Bio-Rad Laboratories, Inc.) was used to detect the signal on
the membrane. Densitometry analysis was performed using
Image J software (v1.50; National Institutes of Health).
Statistical analyses. Statistical analyses were performed with
the GraphPad Prism 6.0 (GraphPad Software, Inc.). Data
were expressed as the means ± standard deviation. Unpaired
student's t-test was used to analyze differences between
two groups from CD14+PBMCs and participants. One-way
ANOVA followed by Tukey's post hoc test was used to analyze
differences among multiple groups. Pearson correlation analysis was used to analyze the relationship between miR-22-3p
and MAPK14 expression. P<0.05 was considered to indicate a
statistically significant difference.
Results
Clinicopathological characteristics of participants. The clinicopathological characteristics of participants are presented in
Table I. There was no significant difference between the mean
age of postmenopausal women with OP and healthy volunteers
(60.23±7.15 years vs. 59.79±6.53 years, respectively). The
body mass indexes in the two groups were also not different
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Figure 2. miR-22-3p targets the expression of MAPK14. (A) Binding sites between MAPK14 and miR-22-3p. (B) miR-22-3p mimic was successfully transfected
into CD14+PBMCs. (C) miR-22-3p targeted WT-MAPK14. **P<0.01. miR, microRNA; PBMCs, peripheral blood mononuclear cells; NC, negative control.

Figure 3. MAPK14 expression level is increased in serum and CD14+PBMCs from patients with OP.(A) MAPK14 expression was higher in patients with
postmenopausal OP compared with healthy volunteers. (B) Negative correlation between miR-22-3p and MAPK14 expression. (C) MAPK14 expression was
increased in CD14+PBMCs treated with M-CSF and RANKL for 6 days compared with untreated cells. **P<0.01. OP, osteoporosis; miR, microRNA; PBMCs,
peripheral blood mononuclear cells; M-CSF, macrophage colony stimulating factor; RANKL, receptor activator of nuclear factor-κ B ligand.

(24.23±3.09 vs. 23.59±4.14 in postmenopausal women with
OP and healthy volunteers, respectively). The mean femoral
neck BMD and lumbar spine BMD (0.62±0.13 and 0.61±0.09,
respectively) of patients with postmenopausal OP were
significantly lower compared with those of healthy volunteers
(0.89±0.12 and 0.85±0.16, respectively). The comparison

of BMD was not adjusted for age and BMI according to a
previous study (24).
miR-22-3p expression level in participants and CD14+PBMCs.
To explore the effects of miR-22-3p during the development
of OP, miR-22-3p expression level was evaluated in healthy
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Figure 4. miR-22-3p mimic inhibits CD14+PBMC proliferation by targeting MAPK14. (A-C) pcDNA3.1-MAPK14 was successfully transfected in CD14 +PBMCs.
(D) pcDNA3.1-MAPK14 reversed the effects of miR-22-3p mimic on CD14 +PBMCs proliferation. **P<0.01 vs. pcDNA3.1 or miR-NC mimic + pcDNA3.1.
&
P<0.05 vs. miR-22-3p mimic + pcDNA3.1. OP, osteoporosis; miR, microRNA; PBMCs, peripheral blood mononuclear cells; M-CSF, macrophage colony
stimulating factor; RANKL, receptor activator of nuclear factor-κ B ligand; NC, negative control.

volunteers and patients with postmenopausal OP. The results
from RT-qPCR demonstrated that miR-22-3p expression
was significantly lower in patients with postmenopausal OP
compared with healthy volunteers (Fig. 1A). Furthermore,
miR-22-3p expression level was significantly lower in
CD14+PBMCs treated with M-CSF and RANKL for 6 days
compared with those untreated (Fig. 1B). These results
suggested that miR‑22-3p may be involved in the development
of OP.
miR-22-3p targets the expression of MAPK14. MAPK14 was
predicted to be a target gene for miR-22-3p by TargetScan. The
predicted pairing between MAPK14 3'UTR and miR-22-3p is
presented in Fig. 2A. In addition, compared with miR-NC mimic
group, miR-22-3p mimic significantly increased miR-22-3p
expression level in CD14+PBMCs (Fig. 2B). Subsequently, the
interaction between miR-22-3p and MAPK14 in CD14+PBMCs
was detected by dual luciferase reporter assay. Compared
with miR-NC mimic group, miR-22-3p mimic significantly
decreased the luciferase activity of the WT-MAPK14 but
not MUT-MAPK14 (Fig. 2C). These findings confirmed the
potential interaction between miR‑22-3p and MAPK14.
MAPK14 expression in participants and CD14+PBMCs. To
explore the effects of MAPK14 during the development of OP,
MAPK14 expression was evaluated in healthy volunteers and
patients with postmenopausal OP. The results from RT-qPCR

demonstrated that MAPK14 expression was significantly
higher in patients with postmenopausal OP compared with
healthy volunteers (Fig. 3A). Furthermore, Pearson correlation analysis demonstrated that miR-22-3p and MAPK14
expression levels were negatively correlated in patients with
postmenopausal OP (Fig. 3B).
In addition, results from RT-qPCR showed that MAPK14
expression level was significantly higher in CD14 +PBMCs
treated with M-CSF and RANKL for 6 days compared with
those untreated (Fig. 3C). These findings suggested that
MAPK14 may be implicated in the development of OP.
miR-22-3p mimic inhibits CD14+PBMC proliferation by
targeting MAPK14. Prior to the assessment of cell proliferation,
CD14+PBMCs were transfected with pcDNA3.1-MAPK14 to
overexpress MAPK14. The results from RT-qPCR and western
blotting demonstrated that the mRNA (Fig. 4A) and protein
(Fig. 4B and C) expression of MAPK14 was significantly
increased following transfection with pcDNA3.1-MAPK14
in CD14 +PBMCs compared with pcDNA3.1 group, which
confirmed the successful transfection of pcDNA3.1-MAPK14
into CD14+PBMCs.
The results from CCK-8 showed that at day 6 of incubation
with M-CSF and RANKL, miR-22-3p mimic significantly
decreased CD14+PBMC proliferation compared with miR-NC
mimic + pcDNA3.1 group, which was significantly rescued
following co-transfection with pcDNA3.1-MAPK14 (Fig. 4D).
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Figure 5. miR-22-3p mimic promotes CD14+PBMCs apoptosis by targeting MAPK14. (A and B) pcDNA3.1-MAPK14 reversed miR-22-3p mimic-induced
CD14+PBMC apoptosis. **P<0.01 vs. pcDNA3.1 or miR-NC mimic + pcDNA3.1. &P<0.05 vs. miR-22-3p mimic + pcDNA3.1. miR, microRNA; PBMCs,
peripheral blood mononuclear cells; NC, negative control.

miR-22-3p mimic promotes CD14+PBMC apoptosis by
targeting MAPK14. The results from flow cytometry showed
that at day 6 of incubation of M-CSF and RANKL, miR‑22-3p
mimic significantly increased CD14 +PBMC apoptosis
compared with miR-NC mimic + pcDNA3.1 group, which
was significantly rescued following co-transfection with
pcDNA3.1-MAPK14 (Fig. 5A and B).
miR-22-3p mimic inhibits CD14+PBMC differentiation by
targeting MAPK14. The results from RT-qPCR and western
blotting exhibited that at day 6 after incubation with M-CSF
and RANKL, miR-22-3p mimic significantly decreased the
mRNA and protein expression of the osteoclast markers,
including TRAP, NFATC1, and CTSK, compared with
miR-NC mimic + pcDNA3.1 group. These observations were
reversed following co-transfection with pcDNA3.1-MAPK14
(Fig. 6A-C). These findings indicated that miR-22-3p mimic
may attenuate OP via reducing the osteoclastic proliferation
and differentiation, while inducing osteoclastic apoptosis by
targeting MAPK14.

miR-22-3p mimic inhibits NF- κ B activity by targeting
MAPK14. The results from western blotting showed that, at
day 6 after incubation with M-CSF and RANKL, miR-22-3p
mimic decreased the protein expression of NF-κ B p-p65
compared with miR-NC mimic + pcDNA3.1 group. These
observations were reversed following co-transfection with
pcDNA3.1-MAPK14 (Fig. 7A and B). These results suggested
that miR-22-3p mimic may attenuate OP by targeting MAPK14
and inactivating NF-κ B p65.
Discussion
Abnormal expression of miRNAs has been shown to be associated with the process of OP (16), and certain miRNAs are
implicated in multiple biological processes, including bone
remolding (25). For example, estrogen can downregulate miR-21
biogenesis and upregulate its target gene Fas ligand, inhibiting
therefore osteoclastogenesis and inducing osteoclastic apoptosis (26,27). Furthermore, miR-223, of which expression is
decreased during RAW264.7 osteoclast differentiation, represses
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Figure 6. miR-22-3p mimic inhibits CD14 +PBMC differentiation by targeting MAPK14. (A-C) pcDNA3.1-MAPK14 reversed miR-22-3p mimic-induced
CD14+PBMCs decreased differentiation. **P<0.01 vs. pcDNA3.1 or miR-NC mimic + pcDNA3.1. &P<0.05 vs. miR-22-3p mimic + pcDNA3.1. miR, microRNA;
PBMCs, peripheral blood mononuclear cells; NC, negative control; TRAP, tartrate resistant acid phosphatase; NFATC1, nuclear factor of activated T-cells;
CTSK, cathepsin K.

Figure 7. miR-22-3p mimic inactivates NF-κ B by targeting MAPK14. (A and B) pcDNA3.1-MAPK14 reversed miR-22-3p mimic-induced inactivation of
NF-κ B p65 in CD14+PBMCs **P<0.01 vs. pcDNA3.1 or miR-NC mimic + pcDNA3.1. &P<0.05 vs. miR-22-3p mimic + pcDNA3.1. miR, microRNA; PBMCs,
peripheral blood mononuclear cells; NC, negative control; p, phosphorylated.

osteoclastogenesis by targeting nuclear factor I A (28,29). In
addition, Linc02349 can induce the osteogenesis of human
umbilical cord-derived stem cells by sponging miR-25-3p
and miR-33b-5p (30). The present study aimed therefore to
determine the effect of miR-22-3p on OP in osteoclast cells.
It was demonstrated that miR-22-3p inactivated p38/NF-κ B

pathway by MAPK14 inhibition, thus inhibiting osteoclastic
proliferation and differentiation, while promoting osteoclastic apoptosis.
Originally, the present study demonstrated that miR-22-3p
expression was lower in patients with postmenopausal OP and
CD14+PBMCs treated with M-CSF and RANKL for 6 days
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compared with healthy volunteers and untreated CD14+PBMCs,
respectively. These findings suggested the involvement of
miR‑22-3p in the development of OP, which was consistent
with a previous study reporting miR-22-3p downregulation
during osteoclast differentiation (17). Subsequently, the target
genes for miR-22-3p had to be investigated.
In the present study, MAPK14 was verified as a target
of miR-22-3p in CD14+PBMCs. The p38 MAPKs represent
a class of four paralogous mammalian genes, including
p38 α / MAPK14, p38 β / MAPK11, p38 γ / MAPK12 and
p38δ/MAPK13, which together with ERK1/2 and ERK5 and
the c-Jun N-terminal kinases, belong to a wider family of
serine-threonine and tyrosine kinases that regulate numerous
cellular processes (31). Activated p38 MAPKs can phosphorylate and activate 200-300 downstream targets (32). In addition,
p38 MAPK14/11 controls the entry into primitive endoderm
differentiation during the development of preimplantation
mouse embryo (33). Furthermore, p38α MAPK can promote
bone loss. For example, specific p38α inhibitors can prevent
bone loss in postmenopausal OP (34), p38α MAPK promotes
bone loss induced by ovariectomy via increasing RANKL
in osteoblast lineage cells (35), and p38α MAPK induces
the proliferation and differentiation of osteoclast progenitors as well as bone remodeling (36). Similarly, the present
study demonstrated that MAPK14 expression was higher in
patients with postmenopausal OP and CD14+PBMCs treated
with M-CSF and RANKL for 6 days compared with healthy
volunteers and untreated CD14+PBMCs, respectively.
Subsequently, the present study showed that miR-22-3p
mimic significantly decreased osteoclastic proliferation
and induced osteoclastic apoptosis by targeting MAPK14.
Furthermore, the expression of the osteoclast markers TRAP,
NFATC1, and CTSK (37) was significantly decreased by
miR-22-3p mimic, which was rescued following MAPK14
overexpression. These results demonstrated the involvement of
miR-22-3p and MAPK14 in osteoclastic proliferation, apoptosis and differentiation. Although a previous study reported
that miR-22-3p targets MAPK14 in Huntington's disease (38),
the present study verified for the first time their relationship in
OP, which is of great importance. However, the effects of miR22-3p and MAPK14 in the regulation of the potential signaling
pathways are unknown.
As functional cytokines during osteoclastic differentiation in mammals, M-CSF and RANKL can activate NF-κ B
pathway, which in turn induces the osteoclastic survival
and differentiation (39,40). The present study reported that
miR-22-3p mimic could inactivate NF-κ B p65 by targeting
MAPK14.
The current study presented the following limitations:
i) Data on resorptive activity and images of osteoclast maturation were lacking; ii) in vivo experiments were lacking; and
iii) miRNA-22-3p downregulation experiments to verify
the present findings were missing. Future investigation will
address these limitations.
In summary, the present study demonstrated that
miR‑22-3p mimic could attenuate OP via reducing osteoclastic proliferation and differentiation, while inducing
osteoclastic apoptosis by targeting MAPK14 and inactivating
NF-κ B. These findings may provide a potential therapeutic
target for patients with OP.
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