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ABSTRACT

This review addresses some of the main aspect of different stem cell line commitment to osteogenic
lineage by signaling proteins and transcription factors at the micro RNA (miRNA), level. Bone remodeling which
occurs in basic multi cellular unit of bone which is characterized by bone formation and bone resorption. The
present evidence signifies that miRNAs, which is widely recognized as a family of short non-coding RNAs, are
the key post-transcriptional repressors of gene expression and many novel miRNAs have been verified to play
vital roles in the regulation of osteogenesis, disclosing how they interact with signaling molecules to control
these processes. This review summarizes the current knowledge of the roles of miRNAs in regulating
osteogenesis regulated by signaling molecules and transcription factors.
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INTRODUCTION

The human genome comprises less than 2% of protein coding genes, however, the rest is made up of
non-protein coding DNA [1]. The majority of transcription output in human genome is contributed by non-
coding ribonucleic acid (RNA) [2]. Non coding RNAs, involves transfer RNA and ribosomal RNA as well as long
non-coding RNAs, small interfering RNAs (si RNAs) and miRNAs [3] as depicted in figure 1.

RNA
Coding mRNA Non-coding

Transcriptional RNA Small RNA

tRNA pi-RNA

rRNA mi-RNA
si-RNA
sn-RNA
snoRNA

Figure 1: Classification of RNA

In 1993, the first miRNA, lin-4 was discovered in the Ambros and Ruvkun labs. Lin-4 is crucial for the
development of nematode caernohabditiselegans[4,5].This was followed by the discovery of second miRNA
let-7, which was also identified in the nematode C.E. in 2000 [6]. Soon after the discovery of let-7 in animals, it
was identified in human beings and in animals [7]. The various biological functions of miRNAs such as growth,
angiogenesis, proliferation and differentiation via down regulating one-third of all human genes at the stage of
translation. In human genetic system, miRNA comprises 1 to 3% of total genes in the human body [8].

miRNA biology

In the nucleus, miRNA are translated into primary miRNAs (pri-miRNAs). It is made up of more than
1000 nucleotides. Then, pri-miRNAs undergoes cleavage with the help of enzyme Droshalnase Ill [9] and
converted into precursors (pre -miRNAs). This precursor miRNAs comprises of 60-100 nucleotides [10]. This in
turn follows, the transportation of pre-miRNAs from nucleus to cytoplasm with the assistance of Exportin S. In
cytoplasm, it undergoes again cleavage to form amiRNA duplex in the presence of a second RNase Ill enzyme
Dicer [11]. Basically, miRNA duplex constitutes about 15 to 22 nucleotides in length. Subsequently, duplex
unwinds into mature miRNA and passenger miRNA. The final effect of mRNA translation and degradation
results, after incorporation of mature miRNA into RNA-induced silencing complex (RISC) [12]. On the other
hand, the unique miRNA subgroup, mirtrons, depend directly on splicing activity, and bypassing the DROSHA
cleavage step [13, 14]. miRNA can perform various rolesin the formation of the human musculoskeletal
system.The biogenesis is given in figure 2.
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Figure 2: Micro RNA Biogenesis

These miRNAs are the next plausible frontier of the research focusing on prevention and treatment of
osteoporosis and bone injuries.

Bone

Bones are the building blocks of the skeletal framework, which further acts as the basic structure on
which the human body is constructed. Apart from providing structural integrity and thus regulating bodily
movement, bone acts as a storage house for minerals and fats like triglycerides. It plays a key role in mineral
hemostasis (calcium and phosphorus). The internal organs find a protective barrier in the skeletal framework.
Bone also participates in the endocrine regulation of energy metabolism. Production of blood cells
(haematopoiesis) are done by bone marrow, which is an integral part of the bones[15] Thus bones are a boon
to humans in multiple ways. Bone is constructed in such a manner that it is constantly subjected to
“remodeling” mechanism. This is definitely to preserve its structural integrity and strength. Osteoblasts and
osteoclasts, the two contrasting forces, regulate remodeling in the bone microenvironment [16].0steoblasts
apart from being key regulators in osteoclast differentiation and resorption, also play a prominent role in the
initiation, early stage bone mineralization and bone remodeling [17]. The bone remodeling process is checked
and regulated by a number of ancillary factors such as hormones, cytokines and growth factors. Recent
literature have highlighted the prominent role played by the close interactions between bone and immune
cells such as cytokines in bone metabolism[18].

Bone remodeling
Bone remodeling which is a major regulatory mechanism, occurs mostly during adulthood. The

bone homeostasis is maintained by two processes namely bone formation and resorption. In detail, bone
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remodeling involves basically the breaking down of the old bones followed by deposition of the inorganic
matrix and the further apposition of the proteinaceous matrix [15].This continuous mechanism, mainly
focused on cortical and trabecular sites, controls cellular activity through the life-span of the bone [19-22].
Bone remodeling revolves around two fundamental cells, namely osteoblasts which are induced by
mesenchymal cells and osteoclasts, induced by hemopoietic stem cells (HSCs) and are closely interconnected
by regulatory proteins which helps in the formation of new and the resorption of old bone[23,24].

According to Bellido et al., 2014 [25], bone remodeling is the balance of resorption and formation.
In the remodeling mechanism, the coupling process of osteoblasts and osteoclasts occurs at definite sites,
called basic multicellular units (BMU). The BMU in corticaland trabecular bone differs morphologically,
although the mechanism is the same. The larger surface area of the trabecular bone helps in prompt
remodeling than the cortical bone [26].The precursors of remodeling are supplied and distributed by bone
marrow and blood stream [22]. Osteoprogenitor synthesizes osteoblasts which further makes up the
lining cells, of which some are stored as osteocytes [27]. The active osteoclast is characterized by its
ruffled border with deep plasma membrane folds where the active bone resorption takes place [28].

Osteoblasts and osteoclasts regulate the development, maintenance and repair of bone thereby
regulating the bone remodeling process [29]. The cuboidal osteoblasts, originating from osteoprogenit or
mesenchymal stem cells (MSCs), are the key players in bone formation [30].The major functions performed
by osteoblasts are bone formation, osteoclast differentiation and expansion of HSCs. The bone formation is
characterized by the synthesis of Extracellular matrix (ECM) proteins such as Type | collagen (COL1),
osteocalcin (OCN), osteopontin (OPN) and bone sialo protein (BSP) on which osteoid is deposited
[31,32].0steoblasts generate increasing levels of bone specific alkaline phosphatase (ALP) mainly on the outer
membrane, which catalyzes mineralization. Osteoblasts secrete proteins into the blood, the proteins
signaling bone formation [33].

Mechanosensory cells belonging to the osteoblastic family such as osteocytes, osteoblastic line age
and osteoblasts play a pivotal role in th e regulation and adaptation of bone [34, 35].A few osteoblasts which
are converted to osteocytes, become engulfed in the bone ECM and in turn branches with the nearby
osteocytes [36]. Osteocytes surveil mechanical stress (i.e.pressuresorcracks) in the bone and further generate
prostaglandins. They initiate osteoclasts into dissolving the bone[37].Remodeling process actually starts with
the formation of lining cells from osteoblasts [38].

Apart from regulating the flow of calcium to and from the bone, the osteoblast lineage cells which
form the ECM of bone, acts as a warehouse for a variety of growth factors. Also to be noted is the structural
integrity and strength provided by these cells to the bone [39]. They also signal peculiar proteins which
induces the osteoclasts [34]. The non-collagenous proteins and type | collagen secreted by osteoblasts
controls bone mineralization [28].

Mechanism of Osteoblastogenesis

The process of osteoblastogenesis from mesenchymal progenitors to a mature bone forming cell
involves 3 stages. First stage is commenced by the upregulation of chondrocyte master transcription factor
sex-determining region Y (SRY)-box 9 (SOX9) in the mesenchymal progenitors[40].Thereafter, the osteoblast
master transcription factor runt-related transcription factor 2 (RUNX2) transform the proliferating precursor
cells to the osteoblast lineage resulting in the formation of osteochondroprogenitors. Subsequently SOX9 is
downregulated and thereby leads to the formation of RUNX2-positive osteoprogenitors [41]. At this stage,
Osterix (OSX), a second osteoblast master transcription factor along with mediates the expression of COL1
and ALP [42]. This leads to the formation of preosteoblasts also known as immature osteoblasts. Additionally,
the transcription factor ATF-4 also plays a key role in osteoblast differentiation. So besides the transcription
factors, certain genes are essential for the activation of pre-osteoblast proliferation (eg: c-Fos, c-Jun and c-
myc) and cell cycle progression (eg: histones and cyclines) are expressed along with the genes of the growth
factors such as fibroblast growth factor, insulin-like growth factor-1, transforming growth factor, BMPs, cell
adhesion proteins and COL1 [43]. The second stage starts with the maturation and organization of the bone
ECM following the proliferatory phase. This stage is characterized by the continuation of collagen synthesis
and cross-link maturation. Gene responsible for this phase is ALP [43]. Under alkaline conditions, the crucial
role of ALP in bone calcification is characterized by hydrolysis of ester bonds in organic phosphate

January-February 2018 RJPBCS 9(1) Page No. 158



ISSN: 0975-8585

compounds. This infers that high ALP activity corresponds to ECM formation before moving to the
mineralization phase [43].

The third stage is characterized by the downregulation of the genes that aid in proliferation as well
as upregulation of genes involved in mineralization phase. During mineralization phase, maximal expression
of genes encoding the noncollagenous proteins such as OCN, OPN and BSP occurs. In the final phase,
collagenases are elevated and 50-70% of osteoblasts undergo apoptotic activity [44].Different osteogenic
markers in various phases of bone formation as pictorically shown below in figure 3:

Osteogenesis markers

Osteoblast
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| I I
A A ‘ l' ‘ J’ 1 4 X y \ 4 Y

BMP PTH ||ALP "RUNXZ BMP ||PTH || osterix | | coL1a1 || TGF-8 | |oPN ||ocu ALP

Figure 3: Osteogenic markers during proliferation, differentiation, matrix synthesis and mineralization
SIGNALING PROTEINS AND ITS miRNA REGULATION IN OSTEOGENESIS
RANK/RANKL/OPG signaling

RANKL, a type 2 ligand protein of TNF ligand family is an essential instigator for osteoclast
differentiation. This factor exists as a homotrimeric protein and is expressed as a membrane - bound protein
on the surface of osteoblasts, osteocytes, marrow stromal cells, activated T cells, and B-cells. M-CSF, along
with most osteotropic factors such as IL-1, IL-11, prostaglandin E2 and 1,25-(OH)2D3, induces osteoclast
formation by binding to marrow stromal cells, which in turn express increased levels of soluble or membrane
forms of RANKL [45]. OPG, which is a secreted member of TNF receptor family, is produced by osteoblasts,
marrow stromal cells similar to RANKL molecule. Its main action is to inhibit osteoclast formation and activity.
OPG, the name itself signifies protector of bone.

In small cell lung cancer cell line, miR-335 inhibits bone metastases by the reduction of IGFIR and
RANKL expression [46]. In MC3T3-E1, miR-17 and miR-20a inhibits glucocorticoid induced osteoclastogenesis
by suppressing RANKL expression [47]. An invitro study in giant cell tumor showed that miR-106b inhibits
osteoclastogenesis by RANKL expression [48].The over expressed miR-20a in dexamethasone induced
osteoblasts leads to down regulation of RANKL expression, consequently suppressing bone resorption [47]. In
Dicer-deficient cells, on treating with RANKL, the expression of miR-155 was downregulated [49]. It was noted
that decreased release of osteoclasts resulted in miR-155 knockout mice. Thus miR-155 could inhibit bone
destruction [50]. In THP-1 cells, the overexpression of miR-145 results in downregulation of OPG mRNA
expression and upregulation of RANK and RANKL [51].In patients suffering from postmenopausal
osteoporosis, the miR-503 inhibited bone resorption by directly RANK [52].

BMP signalling

Bone morphogenetic proteins (BMPs) are the members of transforming growth factor-g (TGF-p)
superfamily. Signaling is mainly regulated by R — SMADs (SMAD1, SMAD 5, and SMAD 8) and Co-SMAD
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(SMADA4).The synergic action between BMPs and their receptors results in the phosphorylation of SMADs. The
activated R-SMADs combine with SMAD4 and thereby regulate osteogenesis.RUNX2 is crucial in the activation
of SMADs by BMPs as well. RUNX2, belonging to the RUNX transcriptional factors family, which modulates
osteoblast differentiation by regulating theosteogenic gene such as OPN, BSP, and OCN [53]. As shown in vitro
study of mouse calvarial osteoblasts, miR-542-3p inhibits osteogenesis through the suppression of BMP-7
[54]. In ST2 cells, under activity of miR-125b enhanced BMP induced osteogenesis [55]. In C2C12 cells, miR-
133 and miR-135 synergistically acted to induce osteogenic differentiation [56, 57]. In MC3T3-E1 cells, they
observed that miR-141 and miR-200a are involved in BMP-2 induced pre-osteoblast differentiation by
regulating the expression of DiIxs [58]. In MC3T3-E1 cells, over expression of miR-208 enhanced attenuated
BMP-2 induced osteogenic differentiation [59]. MiR-20a directly bonds to 3 VTR of BMP-2 promotes
osteogenic differentiation by the upregulation of BMP/RUNX2 signaling [60]. The over expression of miR-210
activated BMP4 induced preosteoblast differentiation [61]. MiR-26a inhibits osteoblast differentiation by
targeting SMADL1 [62]. The finding by Li et al that 22 miRNAs down-regulated in the BMP-2-induced osteoblast
differentiation points to the possibility of the inhibitory role played by miRNAs towards the function of
osteoblast differentiation factors [63, 64]. Sun et al. observed that miR-106b expression was down-regulated
slightly during BMP2-mediated C2C12 osteogenic differentiation [63, 65]. RUNX2 and SMADs1/5 are
mandatory for osteogenic differentiation. Added to this, miR-133 downregulates RUNX2.Thus, miR-133
inhibits the osteogenic differentiation of C2C12 that had been induced by BMP-2 [63]. According to Mizuno et
al, miR-125b has a modulatory effect on the osteogenic differentiation of ST2, a MSC line. miR-125b
expression gradually downregulated during BMP4-induced ST2 proliferation [61]. miR-26a which acts as an
inhibitor of Smad1 [66], further proved in human ADSCs [62],results in the inhibition of late stage osteoblast
differentiation. In mouse bone marrow stromal cells, a down-regulation in BMP2-induced osteoblast
differentiation resulted, when the expression of miR-2861 was silenced [64]. In other words, miR-2861
upregulated during osteoblast formation on induction by BMP2 [67]. According to Li et al, miR-17-5p and miR-
106a helps in maintaining the balance between osteogenic and adipogenic differentiation through the
modulation of BMP2 [68]. MiR-106b-5p and miR-17- 5p hamper osteogenic differentiation through the
regulation of SMADS5, which forms part of BMP2/SMAD pathway [69]. Modulation of miR-140-5p expression
levels creates a controlling impact on BMP2. In hMSCs, the up-regulation of BMP2, bone morphogenic protein
receptor type Il (BMPR2), type 1B (BMPR1B) and SMADS5 resulted through the impeding of miR-140-5p. miR-
140-5p inhibition further led to the upregulation of osteogenesis modulators likeRUNX2, ALP,OCN and OPN in
undifferentiated hMSCs. Further, miR-140-5p inhibition led to osteoblast generation in the ALP staining assay
which was evident from the upregulation of ALP levels [53]. In ST2 stromal cells, increase in the miR-3960
expression levels led to the upregulation of homeobox protein A2 (HOXA2) which further promoted BMP2-
induced osteoblastogenesis [67]. BMP2 induced osteogenesis in C2C12 cells, which was evident from the
upswing in the expression levels of osteoblast markers such as ALP, COL1A1, and OCN. Further, miR-214
expression gets downregulated during osteogenesis. Furthermore, the negative impact created by miR-214
on osteogenesis is reiterated by the increase in the levels of osteoblast markers such as ALP, COL1A1, and
OCN due to the transfection of miR-214 inhibitors [70]. Luzi et al. (2008) proved that miR-26a controls late
osteoblastogenesis in subcutaneous human adipose tissue by impacting SMAD1 transcription factor [61].
According to Yang et al (2012), miR-93 modulates osteoblast mineralization through the miR-93/Sp7
regulatory feedback loop [71]. miR-30 family repress BMP-2-induced osteoblastogenesis through the
regulation of SMAD1 and RUNX2 [72].

According to Zeng et al 2012, miR-100 suppresses osteogenic differentiation of human adipose
derived mesenchymal stem cells (hAMSCs) through the inhibition of BMP signaling by targeting the BMP
receptor 2 (BMPR2). Members of the miR-30 family and miR- 135a downregulate RUNX2 expression. Apart
from this, they interfere with BMP signaling by targeting the signal transducers SMAD1 and SMAD5 [73].
MiR-2861 is a miRNA that is predominantly expressed in bone and becomes upregulated during
BMP2-induced osteoblast formation. Besides its important function as a positive regulator of RUNX2
signaling, miR-2861 has been associated with OP in humans. Two related adolescents with juvenile OP have
been described to carry a homozygous mutation in pre-miR- 2861, leading to loss of mature miR-2861 in their
bones [64].

TGF-B signaling

Canonical SMAD-dependent TGF-f signaling first binds to receptor type Il and receptor type |, and
then signaling transduces to their SMADs 2/3. Activated SMADs form a complex with SMAD 4 and then
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translocate into the nucleus where they interact with other transcription factors to trigger target gene
expression RUNX2. SMAD7 disrupts the activated SMAD2/3 to form a complex with SMAD4 [74, 75]. TGF- B1
would increase miR-145 expression and the up-regulated miR-145 thereby induced Wnt/ b-catenin signaling
activation, which have been demonstrated in MSC [76].An in-vitro study in CSTBL/6- derived bone marrow
cells revealed that miR-349 inhibits osteoclastogenesis through the suppression of TGF- B induced factor Il.
The increased level of miR-29b cause an inhibitory effect of TGF-B on osteoblast regulatory mechanism in
primary fetal rat calvarial osteoblasts [77]. Some miRNAs like miR-210 promote osteogenesis by the inhibition
of the activity of the TGF-f type | receptor [61].In bone marrow-derived ST2 stromal cells, osteoblastogenesis
induced by BMP-4 increased due to the transfection of sense miR-210. This occurs specifically due to miR-210
inhibiting the TGF-B/activin signaling pathway by hampering Activin receptor type-1b gene(AcvR1b) [61]. MiR-
29b stimulates osteogenesis by suppressing inhibitors of osteoblast differentiation, namely HDAC4, TGF-B 3,
ACVR2A, CTNNBIP1 (catenin, beta interacting protein 1), and DUSP2 proteins by binding to target 3'-UTR
sequences in their mRNAs. Thus, miR-29b promotes development of the osteoblast phenotype by suppressing
both anti-osteogenic factors and bone extracellular matrix proteins [64].

WNT signalling

The role of Wnt pathways in bone remodeling process is very pathognomonic [26]. Wnts are
considered as anabolic signaling protein that ameliorates the proliferation and differentiation of osteoblast
progenitors [78-80]. Specific Frizzled (FZD) proteins and the low-density lipoprotein receptor related protein
5/6 (LRP-5/6) formed a receptor complex for Wnt ligand. The interaction results in release of -catenin, which
in turn regulates the transcription factor, Runx2 [81].In summary, we demonstrated that ossotide induced
miR-145 up-regulation in hOBs cells. The up-regulated miR-145 promoted RUNX2 and OSX expression, which
related to osteoblasts differentiation. Wntsignaling was also activated by ossotide via miR-145. All these
results confirmed that miR-145 is a key target of ossotide in regulating osteoblasts differentiation [82]. Wang
and Xu stated that miR-27 promotes osteoblast differentiation by modulating Wnt signaling in hFOB cell line
[83]. MiR-29c promotes Wnt signaling in osteoblasts by targeting inhibitors which regulates matrix proteins
[84, 85]. Zhang et al stated that miR-335-sp modulated osteogenic differentiation by specific down-regulation
of Wntantagonist Dkk1 in MC3T3-E1 cell line [86]. An invitro study showed that miR-29a lessen bone loss by
suppressing histone deacetylase 4 (HDAC4), which in turn activates the acetylation of B-catenin and thus
enhances osteogenesis.miR-29 plays a modulatory role in osteoblast differentiation through the down-
regulation of osteonectin expression via the canonical Wntpathway [84].The activation of miR-29a leads to
down-regulation of key Wnt signaling antagonists, Dkk1, Kremen2, and sFRP2, thus activating osteoblast
differentiation [87].miR-29 and miR-218 enhance osteoblast differentiation by regulating Wnt signaling [87].In
MSCs, the miR-145 expression would enhance by TGF-B 1, thereby increase the activation of Wnt/B-catenin
signaling [87].

TNF signalling

TNF-a activates the NF-kb pathway which inturn stimulated BMP-2 up-regulation results in the
augmentation of RUNX2 and OSX expression, two pivotal regulators of the osteogenic differentiation [88].
Yang et al [89] specified that the downregulation of miR-21 may bestow the tumor necrosis factor-a induced
suppression of osteogenesis in estrogen deficiency — induced osteoporosis

Notch signalling

In mammals, the canonical Notch signaling is comprised of five Notch ligands [Jaggedl and 2, and
Delta-like (DLL) 1, 3 and 4] and four Notch receptors (Notch1-4) (3, 4). After binding, the Notch intracellular
domain (NICD) is cleaved and released. This in turn relocates to the nucleus [90]. Later, the NICD binds with
the transcriptional regulator of the CSL family to regulate downstream targets [91]. This is crucial in
maintaining the undifferentiated state of MSCs [92-97]. The activation of Notch signaling in apical papilla stem
cells. The osteogenesis mechanism was enhanced in SCAPs by miR-34a through Notch signaling by directly
acting on Notch 2 and HES1 [98].

January-February 2018 RJPBCS 9(1) Page No. 161



ISSN: 0975-8585

miRNA in RUNX2 regulation

MiR-23a-27a-24-2 cluster is downregulated by RUNX2 to promote osteogenesis [99]. MiR-204 and
miR-211 has an inhibitory effect on RUNX2 expression in C3H10T12 and ST2 cells and in hMSCs [100]. MiR-335
over expression can inhibit osteogenesis in hMSCs [101]. MiR-29a suppresses the expression of HDAC4 could
increase acetylation of RUNX2 and increase osteogenesis [102]. In human BMSCs, miR-15b enhances the
osteoblast differentiation due to the upregulation of ALP and COL1 by targeting Smurfl, which has a great role
to prevent RUNX2 from degradation [103]. MiR-2861, in mice elevated osteogenesis by suppressing HDAC5
which usually deacetylates RUNX2 [98].The regulation loop compressed of Runx2/miR-3960/miR-2861
enhances osteogenic differentiation by increasing the activity of ALP and OCN [104]. MiR-204 suppresses the
expression of osteogenic genes such as RUNX2, OPN and OCN and finally decrease ALP activity and bone
matrix formation [105,106]. Liao et al stated that miR-705 and miR-3077-5p suppressed differentiation by
inhibiting HomeoboxA 10 and RUNX2 mRNA [107]. Liu et al stated that miR-338-3p inhibited the expression of
osterix, which is the downstream target of RUNX2 in BMSCs [108].

miRNA in OSX regulation

MiR-125b acts as a negative regulator of osteogenesis by targeting OSX due to the reduction of ALP,
COL1 and OCN[109]. Interestingly, miR-637 showed an inhibitory effect on osteoblasts. miR-637 inhibits OB
differentiation via OSX [110]. Interestingly, studies in the past have shown that miR-145 modulates OSX
protein expression. This was affirmed that OSX is a target of miR-145 [111]. OSX is crucial or skeletal
morphogenesis, which is chemically a zinc finger transcription factor. miR-145 modulates osteoblast
differentiation by targeting cbfb and OSX. They observed that the expression of RUNX2 and OSX were
enhanced with the high level of miR-145,specifying that this miRNA is crucial in osteoblast [112].

The osteoblast differentiation can be regulated by several miRNAs which can act upon certain
transcriptional factors and causes their upregulation and down regulation as mentioned in Tables 1 and 2.

Table 1: miRNAs causing upregulation during osteoblast differentiation

MicroRNA Target Reference

miR-210 VEGF (Liu et al., 2015)[113]
miR-216a Cb1-mediated PI3K/Akt (Li et al., 2015b)[114]
miR-29a Runx2 (Koet al., 2015)[115]
miR-20a BMP/Runx2 (zhang et al., 2011)[116]
miR-2861 HDACS (Li et al., 2009)[102]
miR-378 Caspase-3 (You et al., 2014)[117]
miR-26a SMAD1 (Luziet al., 2008)[62]

Table 2: miRNAs causing downregulation during osteoblast differentiation

MicroRNA Target Reference
miR-204 RUNX2 (Huang et al., 2010)[98]
miR-3077-5p RUNX2 (Liao et al., 2013)[105]
miR-103a RUNX2 (Zuoet al., 2015)[118]
miR-34c BMP-2 (Baeet al., 2012)[119]
miR-17-5p BMP-2 (Li et al., 2013)[68]
miR-106a BMP-2 (Li et al., 2013)[68]
miR-125b 0OSX (Chen et al., 2004)[107]
miR-637 0OSX (Zhang et al., 2011)[108]
miR-188 HDAC9 (Li et al., 2015)[114]
miR-141-3p Wnt (Qiu and Kassem, 2014)[120]
miR-338-3P RUNX2 and Fgfr2 (Liu et al., 2014; Guoet al.,
2015)[106]
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CONCLUSION AND FUTURE PERSPECTIVES

miRNAs possess various features such as easy accessibility, tissue specificity and sensitivity. They

usually target osteogenic specific genes and leads to bone formation. This is well applicable in various bone
ailments. Nonetheless, the mechanism still remain ambiguous. miRNAs play significant roles in the induction
of MSCs into osteoblasts. miRNAs obstruct the negative regulators of signaling pathways operating in the cells
throughout the process of osteoblast differentiation. They involve both directly and indirectly in phenotype
development by both supporting and suppressing positive and negative transcription factors in signalling
pathways. This points towards a regulatory role which mRNAs can play in osteoblast differentiation.
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