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microRNA
microRNA is a kind of short (about 18-25 nt) 

non-coding RNA, which performs the post-tran-
scriptional control via inhibiting or degrading the 
target genes. Most miRNAs are highly conserved, 
and the regulation of miRNA in the development 
and progression of OP in different target cells has 
the time sequence and tissue specificity. Mature 
miRNA has the complementary sites to the 3’-end 
untranslated region (UTR) of the target mRNA, 
and they identify and combine with each other, so 
the translation cannot be performed, thus inhibi-
ting the gene expression. miRNA plays an impor-
tant regulatory role in the cell proliferation, dif-
ferentiation and apoptosis, the development and 
progression of tumors and other physiological and 
pathological processes2.

Mechanism of miRNA of Regulating 
Target Genes

miRNA negatively regulates the expression 
of target genes at the post-transcriptional level 
through two different mechanisms. When miR-
NA is almost completely paired with mRNA 
that encodes proteins, miRNA and mRNA tran-
scripts form the miRNA-associated polyprotein 
RNA-induced silencing complex (miRISC), and 
mRNA in the target genes will be cut and further 
degraded by nuclease. This gene silencing me-
chanism mediated by miRNA is more common in 
plants. However, miRNA in most mammals does 
not lead to the degradation of target mRNA, but 
regulates the gene expression via another mecha-
nism. These miRNAs form the complex similar 
to RISC through the incomplete base pairing and 
3’-end UTRs, which inhibit the gene translation 
at the post-transcriptional level and reduce the 
protein expression level of its target genes, but 
its mRNA level is almost not affected.
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Introduction

Osteoporosis (OP) is a kind of disease with a 
very high incidence, characterized by the bone 
mass loss, bone microstructure damage, increased 
bone fragility and easy fracture, etc. The mecha-
nism of osteoporosis is mainly the excessive bone 
resorption caused by the increased osteoclast and 
excessive activation, and the decreased bone for-
mation caused by the decreased osteoblast and 
functional defects.

Primary osteoporosis (POP) is divided into two 
types, postmenopausal osteoporosis (PMOP) and 
senile osteoporosis (SOP), known as type I and 
type II OP, respectively1. In PMOP, bone loss is 
mainly related to the increased osteoclast activity; 
bone resorption is greater than bone formation, 
and bone turnover is increased, leading to the bone 
mass loss and bone destruction. In SOP, bone loss 
is mainly related to the osteoblast function and 
activity defects; bone formation is decreased, and 
the osteoclast function is generally normal.
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Mechanism and Regulation of Bone 
Remodeling

Bones are continually remodeled during the 
whole life of human body to maintain a dynamic 
balance. This process mainly includes the bone 
resorption of osteoclasts for damaged bone tis-
sues and new bone formation of osteoblasts. The 
process of bone remodeling is shown in Figure 
1. Hematopoietic stem cells form the osteoclasts 
eventually via the osteoclast precursors to absorb 
the bone matrix and minerals; monocytes prepare 
the surface of bone tissue adsorption for the oste-
oblasts, and then osteoblasts secrete the bone ma-
trix, followed by matrix mineralization and diffe-
rentiation of some osteoblasts into bone cells, thus 
the process of bone remodeling is completed.

Regulatory role of miRNA in the 
Development and Progression of OP in 
Different Target Cells

Studies have shown that miRNA plays an im-
portant regulatory role in the process of bone re-
modeling, especially in the regulation of differen-
tiation and function of osteoblasts and osteoclasts, 
and the development and progression of OP and 
other bone diseases3-5. In recent years, more and 
more researchers have focused on the mechanism 
of miRNA in the development and progression of 
OP, so as to find the effective gene therapy to tre-
at or delay OP. The regulation of miRNA in the 
development and progression of OP in different 
target cells is reviewed now.

Role of miRNA in Osteoblasts
Osteoblasts are ttahe main functional cells of 

bone formation, responsible for the synthesis, se-
cretion and mineralization of bone matrix. Bones 

are continually remodeled, and the bone remode-
ling process includes the attachment of osteocla-
sts to the old bone region, secretion of acidoid to 
dissolve minerals, secretion of proteases to digest 
the bone matrix, and formation of the bone resorp-
tion lacunae. After that, the osteoblasts migrate to 
the absorption site and secrete bone matrix, and 
then the bone matrix mineralizes and forms new 
bones. The balance between osteolysis and oste-
ogenesis is the key to maintaining normal bone 
mass. Osteoblasts undergo four stages during the 
osteogenesis: osteoblast proliferation, extracellu-
lar matrix maturation, extracellular matrix mine-
ralization and osteoblast apoptosis. Many factors 
can adjust these stages, ultimately regulating the 
bone formation6. The precursor differentiation of 
osteoblasts, the mechanism of bone formation and 
the regulation process are shown in Figure 2.

With the aging of body, the balance between 
bone formation and bone resorption is broken in 
both male and female, due to the decline in the 
number of osteoblasts and decreased activity, le-
ading to OP and other bone diseases with decre-
ased bone mass. The external mechanism of this 
process may be the age-related changes in bone 
tissue microenvironment, such as hormone le-
vels and growth factors; the internal mechanism 
is mainly the osteoblast senescence7. Recently, 
more and more studies have shown that the regu-
latory role of miRNA cannot be neglected in the 
process of osteoblast proliferation, differentiation 
and apoptosis.

Inose et al8 used the micro-needle chip to scre-
en a kind of miRNA (miR-206) highly expressed 
in the osteoblast of OP patients, and used dual-lu-
ciferase reporter gene system to confirm the target 
gene of miR-206, mRNA-Cx43. Cx43 is a kind 

Figure 1. Mechanism and regulation of bone remodeling.
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of gap junction protein between osteoblasts. The 
up-regulation of miR-206 in osteoblasts of OP pa-
tients inhibits the expression of Cx43 protein, thus 
affecting the function of osteoblasts.

In the development and progression of OP, oxi-
dative stress is generally recognized as a very im-
portant factor, and uncontrolled oxidative stress 
damages the bone formation and induces bone 
mass loss. FoxO family plays a very important 
role in the protection of cells from oxidative stress, 
and FoxO1 is particularly critical in the bone tis-
sue. FoxO1 activation can promote the osteoblast 
proliferation and differentiation, and can inhibit 
the osteoblast apoptosis. Kim et al9 found that 
miR-182 in OP patients is significantly up-regula-
ted compared with that in normal population. The 
up-regulated miR-182 inhibits the expression of 
FoxO1, thus destroying the protective system of 
oxidative stress, which promotes the osteoblast 
apoptosis and inhibits the proliferation and diffe-
rentiation of osteoblasts.

Wang et al10 detected the miRNAs in femo-
ral tissues of adults in different age groups and 
found that the expression of miR-214 is signifi-
cantly correlated with the age. The expression of 
miR-214 increases with age, and the expression 
of miR-214 was found to be negatively correlated 

with BGLAP and ALP that are closely related to 
the bone formation. The animal experiment was 
also performed by researchers and the experi-
mental results showed that miR-214 was highly 
expressed in osteoblasts of mice receiving bila-
teral ovariectomy (OVX), suggesting that miR-
214 can inhibit the osteoblast activity and matrix 
mineralization, etc. It was found in miRBase that 
miR-214 has the binding fragment to the 3’-end 
UTR of ATF4, and the target gene of miR-214 
was confirmed combined with the dual-luciferase 
assay: ATF4. According to the study, it is expected 
to ease and improve the development and progres-
sion of OP via the in vivo inhibition of miR-214 
expression in the future.

Role of miRNA in Osteoclasts
Osteoclasts consist of multinucleated giant cel-

ls (MNGC), mainly distributed on the surface of 
bone and around the bone vessel channel. Osteo-
clast is a component of bone tissues, acting as the 
bone resorption. Osteoclasts correspond to osteo-
blasts in the function. They cooperate each other 
and play important roles in the formation and de-
velopment of bones11.

Before performing the bone resorption, the 
osteoclasts undergo a process from precursor cells 

Figure 2. The precursor differentiation of osteoblasts, the mechanism of bone formation and the regulation process.

Figure 3. The specific osteogenic differentiation process of MSCs and the regulation of this process.
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to mature osteoclasts. Then the mature osteoclasts 
are attached to the bone surface to produce an iso-
lated microenvironment between the bone tissue 
and the cell, thus degrading the organic matter and 
inorganic matter of bone tissue12.

The regulatory role of miRNA in the process of 
bone resorption of osteoclasts has been confirmed 
by more and more data; some miRNAs play roles 
in promoting the osteoclast differentiation, proli-
feration and activity, thus promoting the develop-
ment and progression of OP; some miRNAs can 
promote the osteoclast apoptosis, thus delaying 
the bone loss in OP patients. These provide a the-
oretical basis for the gene target therapy of OP.

Recently, Wang et al13 found that the survival 
rate of osteoclasts in miR-9 and miR-181a-k-
nockout mice was higher than that in wild-type 
mice. The subsequent dual-luciferase reporter 
gene system experiment and Western Blot expe-
riment confirmed the target gene of miR-9 and 
miR-181a: Cbl. Cbl protein is an important E3 
ubiquitin ligase involved in the bone resorption, 
which has been widely recognized as the target 
gene of miR-9 and miR-181a. Cbl can regulate 
the osteoclast apoptosis through promoting the 
ubiquitin-dependent degradation of pre-apopto-
tic gene Bim. Bim is a member of BCL-2 protein 
family, and Bim gene has been recognized as an 
important pre-apoptotic gene of osteoclasts.

Monocytes in the blood, as precursors of oste-
oclasts, can secrete a number of cytokines asso-
ciated with osteoclastogenesis: IL-1, IL-6 and 
TNF-α. Therefore, monocytes have often been 
used as the target cell in the study on OP in recent 
years. Cao et al14 performed the miRNA array and 
qRT-PCR for monocytes in blood of two groups 
of postmenopausal women with high bone mi-
neral density and low bone mineral density, and 
found that miR-422a was significantly up-regula-
ted in postmenopausal OP patients and five target 
genes negatively correlated with it were found: 
CBL, CD226, IGF1, PAG1 and TOB2.

miRNAs undergo a process from precursor 
miRNAs to mature miRNAs before performing 
the post-transcriptional control of target genes, 
and some enzymes play important roles during 
the miRNA maturation process. Sugatani et al15 
studied and found that miRNA-223 can promote 
the osteoclast differentiation and function throu-
gh down-regulating the NFI-A level. Researchers 
silenced the key factors during the miRNA-223 
maturation process via the small-interfering RNA 
technique in vitro: DGCR8, Dicer and Ago2, 
which reduced the expression of miRNA-223, 

thereby inhibiting the osteoclastic differentiation 
and bone resorption. Researchers also found that 
Dicer-knockout mice showed a certain degree of 
osteosclerosis, and the in vitro and in vivo expe-
riments have shown that Dicer and other factors 
play important roles in miRNA maturation and 
function, thus regulating the osteoclast resorption.

Role of miRNA in Mesenchymal 
Stem Cells

Mesenchymal stem cells (MSCs) are a group 
of adult stem cells with self-renewal and mul-
ti-differentiation capacity. In different induction 
environments, it can differentiate into osteoblasts, 
adipocytes, chondroblasts and neuroblasts. Stu-
dies have shown that MSCs are precursor cells of 
osteoblasts and bone cells. Induction of directio-
nal differentiation of MSCs into bone tissues is of 
great significance in the treatment of bone mass 
loss and repair of bone defects16.

Some key molecules or pathways that play de-
finite roles in promoting osteogenic differentia-
tion of MSCs have been found at present, such 
as bone morphogenetic protein (BMP) family, 
Runx2, ALP, Cadherin family and Wnt signaling 
pathway. These molecules or pathways interact 
and contact one another, constituting a huge regu-
latory network17.

MSCs can not only differentiate into osteobla-
sts, but also regulate the osteoclastogenesis through 
the expression of RANKL and OPG, etc.18. Experi-
mental data show that MSCs can express RANKL 
to promote osteoclastogenesis, and also express 
OPG receptors and secrete OPG protein to inhibit 
osteoclastogenesis19, 20. The specific osteogenic dif-
ferentiation process of MSCs and the regulation of 
this process are shown in Figure 3.

Eskildsen et al21 discovered a kind of miRNA 
significantly down-regulated during the osteoge-
nic differentiation of MSCs, miR-138, through 
miRNA chip and qRT-PCR. Target gene predi-
ction test confirmed the target gene of miR-138: 
FAK (a kind of kinase that promotes osteogenic 
differentiation). Scholars used anti miR-138 to 
inhibit the expression of miR-138, so as to pro-
mote bone formation, which may become an ef-
fective treatment strategy for OP in the future.

Many inflammatory factors, such as tumor ne-
crosis factor (TNF)-α, have been proved to inhibit 
the osteogenic differentiation of MSCs in OP cau-
sed by estrogen deficiency. Yang et al 22 applied 
chip and qRT-PCR and found that the expression 
of miR-21 is significantly lower in MSCs in OVX 
mice, and the subsequent experiments showed 
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that the down-regulated expression of miR-21 is 
due to the TNF-α inhibition. miR-21 can promote 
the osteogenic differentiation of MSCs through 
inhibiting the expression of target gene Spry1. 
Spry1 is the conserved inhibitor of receptor tyro-
sine kinase (RTK) pathway, which negatively re-
gulates multiple RTK signaling pathways, such as 
FGF and MAPK signaling pathways. Spry1 also 
plays a negative regulatory role in the osteogenic 
differentiation of MSCs.

Runx2 is a kind of osteoblast-specific gene, 
which has been widely studied as a star molecule 
in OP. Li et al23 discovered a new miRNA (miR-
2861) that can reduce the degradation of Runx2 
and promote osteogenic differentiation of MSCs 
in mice through inhibiting the expression of 
HDAC5, and they also found that the expression 
of miR-2861 is reduced in POP patients.

The different species, different target cells and dif-
ferent regulation of target genes are likely to cause a 
certain differences of the same miRNA in functions. 
For example, the high-expression miR-210 can 
promote the osteogenic differentiation of BMMSC 
line, ST2, in mice. In contrast, miR-210 is down-re-
gulated in the osteogenic differentiation of human 
MSCs, and the inhibition of miR-210 can promote 
the osteogenic differentiation of human MSCs.

Conclusions

In normal cells, the expressions of various 
miRNAs are in a state of maintaining the balance 
of cell proliferation, differentiation, apoptosis and 
other physiological processes. The same miRNA 
may have a variety of different target gene mR-
NAs, so the disorder of miRNA expression can 
cause a series of serious intracellular dysfun-
ction24. The research on miRNA has focused on 
the development and progression of tumors, but 
more and more research data have shown that 
miRNA also plays an important role in the regu-
lation of pathogenesis of various bone diseases; 
in particular, the correlation between miRNA and 
development and progression of OP has become a 
research hotspot. It is worth noting, however, that 
the important role of miRNA in regulating the dif-
ferentiation and function of osteoblasts and oste-
oclasts is only the first step in clinical practice, 
and more studies are needed to put miRNA-based 
therapies into clinical practice successfully.

Current studies have shown that the ove-
rexpression or inhibition of specific miRNAs in 
a tissue-specific way has a certain therapeutic ef-

fect in the tumor animal model, and some miR-
NA-based treatment methods have been in the cli-
nical trial stage25, 26. The miRNA-based treatment 
method of OP has not been in the clinical stage 
yet, so more studies are needed. In the future, it 
is expected to delay the bone loss and promote 
the bone remodeling via the overexpression or 
inhibition of specific miRNAs in specific tissues, 
thereby treating OP.
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