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The directional differentiation of bone mesenchymal stem cells (BMSCs) is regulated by a variety of transcrip-
tion factors and intracellular signaling pathways. In the past, it was thought that the directional differentiation
of BMSCs was related to transforming growth factors, such as bone morphogenetic protein (BMP) and MAPK
pathway. However, in recent years, some scholars have pointed out that the Wnt signaling pathway, which is
a necessary complex network of protein interactions for biological growth and development, takes a signifi-
cant role in this process and plays a major part in regulating the development of osteoblasts by exerting sig-
nal transduction into cells. Also, they have proved the Wnt protein therapeutic truly have positive effects on
the viability and osteogenic capacity of bone graft. Recent studies have shown that microRNAs (miRNAs) play
an important regulatory role in this process. MiRNAs such as miRNA-218, miRNA-335, miRNA-29, microRNA-30
and other miRNAs exert negative or positive effects on some crucial molecules in the Wnt/B-catenin pathway,
which in turn affect bone metabolism and osteopathy. Thus, miRNAs have been suggested as therapeutic tar-
gets for some metabolic bone diseases. This article aims to provide an update on the current status of microR-
NAs that target the Wnt signaling pathway in the regulation of osteogenesis and bone metabolism and in-
cludes a discussion of future areas of research, which can be a theoretical basis for bone metabolism-related
diseases.
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Background

MicroRNAs (miRNAs), conserved single-stranded noncoding
RNA in eukaryotes, usually consist of 18 to 25 nucleotides.
When they bind to the 3’-untranslated regions (3’-UTR) of the
target mRNA, they cleave the target chain and inhibit target
mRNA translation, finally affecting protein expression. Also,
miRNAs can act as post-transcriptional regulators to precise-
ly control cell differentiation by altering the expression of tar-
get mRNAs and precisely regulating various differentiation-re-
lated factors and receptors.

In general, the Wnt signaling pathway is a well-known signal-
ing cascade that either depends on the B-catenin (canonical
pathway) or functions independent of it (noncanonical path-
ways) [1,2], which has been proven to be essential for the os-
teogenesis and reduced downstream osteogenic differentia-
tion marker genes, such as Runt-related transcription factor
2 (Runx2), impede the osteogenic process [3-5]. Duan et al [6]
concluded that B-catenin, as the central target and an essen-
tial component of Wnt/B-catenin signaling pathway, is required
for BMSCs to differentiate into osteoblasts, which will differ-
entiate to mature osteocytes, programmatically. This means
that promotion or inhibition of B-catenin generation or accu-
mulation would affect bone formation. Kazuhiro et al [7] re-
ported that the canonical Wnt signaling pathway promotes
osteogenesis. They discussed the role of Wnt signaling in the
bone metabolism and disorders from several aspects, such as
the inhibitors of receptors such as DKK-1, sclerostin ZNRF3,
and RNF43, and they explored the role of sclerostin in the in-
tegral bone metabolism. Moreover, they proposed that those
receptors or inhibitors can be used as targets to treat bone
metabolic disorders such as osteoporosis, osteoarthritis, rheu-
matoid arthritis, neoplasms, and multiple myeloma. Artificial
antagonists may cure these disorders, but there are also oth-
er problems, because the Wnt signaling pathway also plays a
vital role in cancer stem cell survival.

Recent studies have reported that various important mole-
cules in the Wnt signaling pathway can be targeted and regu-
lated by some miRNAs; interestingly, one miRNA seem to have
several target gene [8,9]. Amjadi-Moheb et al [8] concluded
that some miRNAs target to the ligands, receptors, antago-
nists, and intercellular molecules. For example, Wnt1, Wnt3,
Wnt5A, DKK-1, SFRP1, and APC can directly activate the Wnt
signaling pathway. Activation or inhibition of the Wnt sig-
naling pathway and expression of specific miRNAs are close-
ly related to the development of osteogenesis and metabol-
ic osteopathy as the disease-causing gene or disease-treating
gene [10-13]. Hence, this review focuses on miRNAs binding
to the Wnt signaling pathway and discusses how miRNAs af-
fect osteogenesis and bone metabolism. We discuss the cur-
rent understanding of microRNAs that target the Wnt signaling
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pathway in the regulation of osteogenesis and bone metabo-
lism, and consider future areas of research. We hope this ar-
ticle will provide a theoretical basis for understanding bone
metabolism-related diseases.

Wnt Signaling Pathway

At present, there are 19 members in the Wnt family, which are
highly conserved secreted glycoproteins [14]. Based on down-
stream differences, Wnt proteins are further divided to canon-
ical Wnt proteins and noncanonical Wnt proteins; the former,
such as Wnt1, Wnt2, Wnt3, Wnt3a, can interact with LRP/FZD
to activate Wnt/B-catenin signaling pathway; in contrast, the
noncanonical Wnt proteins, including Wnt 4, Wnt 5, Wnt 6,
Wnt 7a, and Wnt 11, function by binding to different receptors.
Moreover, due to the downstream differences, noncanonical
Wnt signaling is further divided to the Wnt Planar Cell Polarity
pathway and Wnt/Ca2+ pathway; the PCP pathway relies on
FZDs and Dvl and activate RhoA and JNK to develop its effects,
while the Wnt/Ca2+pathway activate heterotrimeric G protein
and change the intracellular Ca2+concentration [15-17]. Thus,
the Wnt signaling pathway is also divided into canonical and
noncanonical signal pathways.

Canonical Wnt Signaling Pathway

In the canonical Wnt signaling pathway, the Wnt protein is com-
bined with an amboceptor molecule consisting of LRP5/6 and
curled Frizzled protein with a cysteine-rich domain. After the
binding signaling is transmitted from the intracellular part of
the receptor, the intracellular tail of LRP5/6 binds to axin, re-
sulting in the separation of B-catenin from its protein complex,
and finally, B-catenin-mediated downstream signaling is acti-
vated [18]. The B-catenin is then moved to the nucleus where
they bind to the T cell factor/lymphoid enhancer factor (TCF/
LEF) family and regulate them as coactivators [19]. The canon-
ical Wnt signaling pathway plays a crucial role in osteogen-
ic precursor cells differentiation, calcification balance, induc-
tion of growth of potential cells and osteogenic precursor cells,
and maintenance of osteoblasts and osteocytes activity [20].

Noncanonical Wnt Signaling Pathway

The planar cell polarity pathway (Wnt/PCP pathway), which is
known for its polarized cell plane, is different from others to
some extent. Wnt protein binds to Frizzled and its co-recep-
tor (Ror 2 or Ryk), so the activated cytoskeletal protein Rho-
associated protein kinase (ROCK) activates c-Jun N-terminal
kinase (JNK) and controls the downstream transcriptional fac-
tors [21]. In the noncanonical Wnt/calcium signaling pathway,
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calcium ions play an important role in signal transduction [22].
When Wnt protein binds Frizzled, the trimeric protein Dsh-Axin-
GSK complex can subsequently mediate the phosphorylation
of transmembrane receptor 1/2 of tyrosine kinase (Ror 1/2).
The formation of Wnt, Frizzled and Ror 1/2 complexes activate
phospholipase C (PLC), which leads to an increase of inositol
triphosphate (IP3), diacylglycerol (DAG), and intracellular calci-
um, and eventually changes downstream cellular functions [23].

Biological Function of miRNAs

miRNAs are conserved single-stranded short (18-25 nucleotides)
RNAs that exist in eukaryotic organisms. miRNAs can specifi-
cally bind to the 3’-UTR of target mRNA, cleave the mRNA or
inhibit protein translation, thereby inhibiting protein expres-
sion. Actually, there is a complex regulatory network between
miRNAs and mRNAs due to the diversity of target genes and
miRNAs existing in clusters. Even though there are considerable
homologous sequences in many miRNAs, miRNAs can specif-
ically and effectively recognize the target sequence of 3-UTR
of mRNA. Hence, the diversity of target mRNAs complicates
the regulatory network [24,25]. However, more than 36% of
the miRNAs in the human genome are present in the cluster,
while this proportion up to 45% in mice [26]. The transcription
of the same cluster of miRNAs is also regulated by upstream
sequences. The primary transcription products are located on
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1 strand. Multiple mature miRNAs formed after cleaving may
belong to different families and regulate mRNAs with differ-
ent target sequences. The position of miRNA in the organism is
also not fixed, and it is scattered in various regions of the ge-
nome. The introns of eukaryotic genes, which have been wide-
ly regarded as useless, can also be transcribed and sheared
to form miRNA molecules. The online miRNA database (www.
miRNAbase.org) contains data on 38 589 miRNAs [27]. The
miRNA-disease database is contained in the website (www.
mir2disease.org), maintaining the data of miRNAs associated
with various diseases [28].

Role of miRNAs in Osteogenesis by
Regulating the Wnt Signaling Pathway

There are 3 ways in which miRNAs regulate the Wnt signaling
pathway (Table 1): (1) miRNAs can target mRNA as an antag-
onist of the Wnt signaling pathway, such as Dickkopf-related
proteins (DKKs) and SFRPs; (2) miRNAs regulate the expression
of osteogenesis-related genes by affecting membrane proteins
and receptors binding, and subsequently affect the formation
of the tetramer APC/Axin/GSK-3B/B-catenin or independently
affect the individual members of the tetramer; and (3) both of
the above. Here, we review the miRNAs that regulate cellular
biological activities via the Wnt signaling pathway.

Table 1. The role of miRNAs in osteogenesis by regulating the Wnt signaling pathway.

MiRNAs Relative expression

Biological function

Targets References

MiR-218 Up Inhibit type 1 collagen generation COL1A1 [29]
miR218 T inhibit ADAMTS2 MP3 | po]
MiR218 up mhibitRUNX2 Runx2 | 2030
miR218 T Promote osteogenesis of MSCs | B2
miR218 Down | Promote osteogenesis (wnt/p-catenin pathway)  Sost | 35
MmiR218 Down | Promote osteogenesis (wnt/p-catenin pathway)  Dkk2 | B5]
miR218 Down | Promote osteogenesis (wnt/B-catenin pathway)  SFRP2 | 35
miR218 Up  Activate wnt/p-catenin pathway Bcatenin | 6]
MiR218 Up  Acivate wnt/p-catenin pathway PFLD 6]
miR218 Up  Activate wntsignaling pathway PPPORSA 371
MiR335p up Inhibit wnt/B-catenin pathway ac 0]
MiR3355p up Inhibit wnt/p-catenin pathway AN [40]
MR35 Up  Activate wnt/p-catenin pathway Dkl 4
miR33s up Promote proliferation, migration and differentiation  GSK-33 | @y
MR35 up Promote proliferation, migration and differentiation ~ p-catenin | 4]
MR T Promote osteogenesis o2 | 3]
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Table 1 continued. The role of miRNAs in osteogenesis by regulating the Wnt signaling pathway.

MiRNAs Relative expression Biological function Targets References

MiR-335 Up Inhibit EMT Twistl [44]

miR33s up inhibit wnt/p-catenin pathway Wntsawntsa | [44)
miR29 up Promote osteogenesis Gsk-3p | [4548]
MiR29a up Inhibit wnt/p-catenin pathway wes 9]
MiR29b1 up Inhibit wnt/p-catenin pathway cTNNBL | 9]
miR29 up inhibit wnt/B-catenin pathway DKK-1 | [45,5051]
miR29 T Inhibit wnt signaling pathway KREMEN2 | [45,5051]
miR20 up Inhibit wnt/p-catenin pathway SsrRP2 | [455051
miR29 up Inhibit wnt/B-catenin pathway Gsk3p | 521
miR29 up Inhibit wnt signaling pathway CAT/CTNNBIPT 521
miR29 up Inhibit wnt signaling pathway wePt 521
miR29 up Inhibit wnt signaling pathway Gus2 | 521
miR29 T inhibit wnt/p-catenin pathway wisa [55,56]
miR29 up Promote osteogenesis Osteonectin | B8]
MiR292 up Promote osteoblast formation Osteonectin | B8]
miR29c T Promote osteoblast formation Osteonectin | 571
miR30s T Wnt/Ca2+ pathway Camkiidelta | 60]
miR30c T Wnt/Ca2+ pathway Camkiidelta | 0]
miR30e T Inhibit proliferation and migration Bcatenin | [58,59]
MmiR30c up Inhibit wnt/B-catenin pathway BCLO [61-63]
MiR376C up Inhibit wnt/B-catenin pathway witsa | 671
MiR1623p T inhibit wnt/Ca2+ pathway watsa | 6o]
MiR1S45p T Inhibit Planar cell Polarity pathway watit Py
MiR1395p up inhibit wnt signaling pathway o4 o)
MiR2103p up Inhibit wnt/p-catenin pathway wes i
MiR376C up Inhibit wnt signaling pathway ARFGEF-1 | 671
CMiR139Sp up Inhibit wnt signaling pathway cTNNBL | Wi
miR2103p up activate wnt/B-catenin pathway Gsk-3p | 2
miR2103p T activate wnt/p-catenin pathway Bcatenin | 2
miR2103p up activate wnt/p-catenin pathway R 72
MmiR124 Up activate wnt/p-catenin pathway Gsk3p | 731
MRS up Promote metastasis and recurrence of sarcoma  GSKB | 2
MiR13b T Promote metastasis and recurrence of sarcoma  TET3 | 2
MiR13b T Promote metastasis and recurrence of sarcoma  CKLA | 2
miR1423p Up  Activate wnt/p-catenin pathway ac s
iRl up inhibit wnt/B-catenin pathway pcatenin | 76l
CmiR2 up Inhibit wnt/B-catenin pathway pcatenin | 76l
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miRNA-218

The role of miRNA-218 in osteogenesis is unclear. Xuxiang Liu
et al reported that miRNA-218 inhibits the deposition of type
1 collagen through directly downregulating COL1A1 expres-
sion and promotes TIMP3, an inhibitor of the N-procollagenase
ADAMTS2 [29]. In addition to type 1 collagen, miR-218 also tar-
get to Runx2, the key protein in osteogenesis. Yao and Zhou
et al proved that miR-218 inhibits Runx2, which suggests that
miR-218 inhibits the osteogenic process [30,31]. Surprisingly,
miRNA-218 seems to promote osteogenic differentiation of
bone marrow stem cells (BMSC) by stimulating alkaline phos-
phatase activity, calcium nodule formation, and osteogenic
marker gene expression [32]. Furthermore, Hassan et al found
the positive effect of miRNA-218 contributes to activation of
the Wnt signaling pathway in the differentiation of MSCs and
breast cancer cells [33,34]. Hassan et al reported that miR-
NA-218 can not only promote the directional differentiation
of BMSCs into osteoblasts and further differentiate in matu-
ration, but also suppress negative regulators of the Wnt sig-
naling pathway, such as sclerostin (SOST), DKK2, and secreted
Frizzled-related protein 2 (SFRP2), thus leading to activation of
the Wnt pathway [35]. In addition, miRNA-218 also promotes
[-catenin, phosphate-FZD, and PPP2R5A generation and af-
fects cellular biological activity [36,37]. Moreover, the activat-
ed Wnt pathway with miRNA-218 assembles a positive feed-
back loop; in other words, the activated Wnt pathway has a
positive effect in the expression of miRNA-218. In this way, re-
generation feedback forms between miRNA-218 and the Wnt
signaling pathway to facilitate differentiation of BMSCs into
osteoblasts. Another study found that miRNA-218 expression
can increase secretion of Wnt-targeted parathyroid hormone-
related protein (PTHrP) and enhance Wnt signaling, thereby fa-
cilitating osteoclast differentiation and bone resorption [38].
Additional evidence shows miRNA-218 is an activator of the
Wnt signaling pathway, but it may not regulate the osteogen-
ic process of stem cells due to its inhibition of osteogenesis.

miRNA-335

The miR-335 family consists of miR-335-3p and miR-335-5p
in humans [39]. Kay [40] found that miRNA-335-3p and miR-
NA-5p are both interrelated with the Wnt signaling pathway.
RT-PCR and luciferase assay showed that miRNA-335-5p tar-
gets the 3’UTR of APC and AXIN-1, which are the 2 main in-
hibitory proteins of the canonical Wnt signaling pathway.
When miR-335 develop its sponge function by absorbing APC
and AXIN-1, the Wnt pathway is enhanced. To a certain ex-
tent, miRNA-335 can activate the Wnt signaling pathway, but
the evidence is unclear. Studies demonstrated that miRNA-
335-5p controls the DKK1 expression and increases GSK-38
phosphorylation and B-catenin transcriptional activity, finally
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activating the Wnt signaling pathway both in vivo and in vi-
tro, and miRNA-335 promotes osteogenesis of mouse BMSCs.
Tome et al found that miR-335 can sponge Runx2 and inhib-
it osteogenesis [41-43]. In contrast, the Wnt signaling path-
way was inhibited when miR-335-5p was reduced by anti-
miR-335-5p. miR-335-suppresses HCT116 cell synthesis more
than Wnt3a, Wnt5a, and B-catenin, which means knockdown
miR-335 can activate the Wnt signaling pathway [44]. These
experiments indicate the crucial effects of miR-335-5p in reg-
ulation of the Wnt signaling pathway and have great poten-
tial in osteogenesis.

miRNA-29

The miR-29 family of microRNAs is highly conserved among
mammalian species. Its members, including miRNA-29a, miRNA-
29b-1, miRNA-29b-2, and miRNA-29c, have as well been inves-
tigated for their roles in modulation of somatic cell fate repro-
gramming by targeting the Wnt signaling pathway [45-48]. Case
et al used LiC1 to downregulate the activity of GS3-B, allowing
the accumulation of B-catenin and acceleration of osteoblasts
differentiation. When mOb-12 cells were treated with LiC1, the
Wnt signaling was activated and the expression of miRNA-29
was further enhanced; the expression peak of miRNA-29 oc-
curred 3 h after treatment. A similar result was reported by
Mariane Serra Fraguas et al [48], who found the miRNA-29
family is directly targeted to GSK-3f in MEF-cells. Meanwhile,
miRNA-29a/b-1 was reported to have special binding sites
and sponge the mRNA of Lrp6 and Ctnnb1, thus suppressing
the Wnt signaling pathway [49]. Moreover, DKK1, Kremen2,
and SFRP2 are also targets of miRNA-29 [39,50,51]. Indeed,
4 factors of the Wnt signaling pathway contain binding sites
for miR-29 — GSK3B, ICAT/CTNNBIP1, HBP1, and GLIS2 - final-
ly induce Wnt signaling pathway suppression [52]. In 2014,
it was reported for the first time that the expression ofmiR-
NA-29a in peripheral blood mononuclear cells (PBMCs) of AS
patients was increased and may be a useful biological mark-
er of bone formation [53,54]. However, the ligand of the Wnt
pathway has a positive effect on the generation of miRNA-29,
such as Wnt3a [55,56].

The miRNA-29 family can affect other key proteins in osteo-
genesis. The complementary sequences of miRNA-29a can
target the 3’-UTR regions of osteonectin to regulate the ex-
pression of osteonectin, which in turn affects maturation and
mineralization of the extracellular matrix. In addition to miR-
NA-29a, miRNA-29c also significantly suppresses the expres-
sion of osteonectin and further promotes osteoblast differ-
entiation [38]. However, there is a positive effect on mineral
deposition, which occurs in the late stage of bone forma-
tion [57]. Above all, the miRNA-29 family promotes osteogen-
esis, but it is unclear whether the positive effect is related to
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the Wnt signaling pathway, as there are conflicting reports on
the effect of miRNA-29 family on the Wnt signaling pathway.

miRNA-30

miR-30, a family of calcium/calcineurin signaling miRs, is evo-
lutionarily conserved and consists of 5 members: miR-30a,
miR-30b, miR-30c, miR-30d, and miR-30e [58,59]. miR-30s are
essential regulators of calcium/calcineurin signaling, but wheth-
er they affect the Wnt/Ca2+ signal pathway is still unclear.
CaMKII§ is the key protein downstream of the Wnt/Ca2+ path-
way, whose mRNA is sponged by miR-30c or miRNA-30e, which
inhibits VSM cell proliferation and migration [60]. B cell lym-
phoma-9 (BCL-9) is a transcription activator of B-catenin [61].
Zhao et al [62,63] found that BCL-9 is a target of miRNA-30c.
The expression of BCL-9 was increased and the Wnt signal-
ing pathway was activated. It seems that miRNA-30 is an in-
hibitor of osteogenesis, while the positive effector in the os-
teogenic process transforming growth factor (TGF) -B1 harms
miRNA-30 [64-66]. miRNA-30 appears to have an insignificant
effect on the Wnt signaling pathway, but the negative effect
on osteogenesis is evident. Thus, there is a need for extensive
and in-depth research on the potential links among the Wnt
signaling pathway, osteogenesis, and miR-30 family to reveal
new view information on bone regeneration.

Other MicroRNAs

Among the whole Wnt signaling pathway, the ligand, recep-
tor, key protein, and transcription factor are affected by dif-
ferent miRNAs. The canonical and noncanonical Wnt signal-
ing pathway ligands, such as Wnt3, Wnt5a, and Wnt 11, are
affected by miR-376¢, miRNA-26a-5p/miRNA-16-2*, and miR-
NA-154-5p, respectively [21,67-69]. Once these ligands of the
Wnt signaling pathway decrease or are deficient, there is down-
stream inhibition. The receptors FZD4, ROR1/2, and LRP5 are
also sponged by miRNA-139-5p, miRNA-214, and miR-210-
3p, respectively [70,71]. Meanwhile, these MicroRNAs seem to
have multiple target genes. ARF guanine nucleotide exchange
factor-1 (ARF-GEF-1) is also targeted by miRNA-376¢ and fur-
ther inhibits transactivation of B-catenin, finally inhibiting os-
teogenesis [21], and CTNNB1 (the gene name of B-catenin)
is sponged by miR-139-5p [70]. When miR-210-3p is overex-
pressed, the key regulatory factors of the Wnt signaling path-
way — GSK-3p, B-catenin, and TCF4 — are significantly increased,
and finally promote bone formation [72]. Meanwhile, the ex-
pression of miRNA-124 was increased in ligament tissue of AS
patients, and the expression of GSK3f was inhibited, there-
by enhancing Wnt/B-catenin signaling pathway activity and
accelerating the osteogenesis from fibroblasts [73]. GSK-38,
TET3, and CKla are suppressed by miRNA-135b, which leads
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to metastasis and recurrence of sarcoma [74]. miRNA-142-3p
is found to increase in MSCs differentiated into osteoblasts
and inhibit the expression of APC and activate the Wnt sig-
naling pathway [75]. Moreover, miRNA-141 and miRNA-22 di-
rectly decrease f-catenin expression and decrease the osteo-
genic marker, finally inhibiting osteogenesis of BMSCs [76].

Future Research

Those microRNAs that we highlighted may help or hinder the
osteogenesis of stem cells. The present review shows that mi-
croRNAs can target and bind to several genes, as shown by Suh
Yee Goh, making miRNA a potential regulator of osteogene-
sis. Therefore, understanding the mechanism involved in the
imbalance of miRNA in bone metastatic diseases or bone for-
mation would promote the development of bone tissue engi-
neering. The key pathways that regulate osteoblast differen-
tiation of stem cells include Wnt/B-catenin, PI3k/Akt, TGF-f/
Smad, BMP/Smad [23], and MAPK pathways, which are report-
ed to be targets of diverse miRNAs. The Wnt signaling path-
way is the most important pathway involved in osteogenesis.
As reported, these miRNAs activate or inhibit the Wnt path-
way and thus affect bone metastasis. However, in different cell
lines, microRNAs may have different targets, which can influ-
ence the final results, and can even have completely opposite
results. So, miRNAs in different fields may not have a com-
mon outcome. Furthermore, miRNA research may be a double-
edged sword. miRNAs are powerful regulators of gene expres-
sion and can modulate the process of stem cells differentiation
by regulating different pathways, with or without interaction
with other modulatory molecules. Although the Wnt signal-
ing pathway is targeted by many microRNAs, the evidence is
scant and there is a shortage of animal experiments. The lo-
cal microenvironment is very different from the systemic en-
vironment, and diverse factors are involved in media, which
may promote or inhibit stem cells osteogenesis. It is undeni-
able that microRNA strongly affects osteogenesis by targeting
the Wnt signaling pathway. MicroRNA has strong potential for
use in bone formation, but the disadvantages of miRNA ther-
apy are that it is easily degraded and hard to transport, and
the diverse targets of a single microRNA may have different
outcomes. Finally, the current experimental approaches used
in miRNA research are still limited. Hence, we need to focus
more on miRNAs research.

Conclusions

This review has presented an update on the current status
of miRNAs that target the Wnt signaling pathway in the reg-
ulation of osteogenesis and bone metabolism. The key miR-
NAs that regulate the function of the miRNA receptors and
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inhibitors include miRNA-218, miRNA-335, miRNA-29, and miR-
NA-30. However, ongoing studies on osteogenesis, bone me-
tabolism, and the Wnt signaling pathway continue to identify
roles of miRNAs, which may contribute to miRNA therapy for
some metabolic bone diseases.
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