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reversal phase of bone remodeling is when mononuclear 
cells transmit signal for adjustments in bone to recruit 
new osteoblasts. In the beginning, osteoblasts increase 
rapidly to release an extracellular matrix in which type I 
collagen is present. Along with osteoblast differentiation, 
the maturation and mineralization of matrix occurs. 
When the bone surface is restored, mature osteoblasts 
may undergo programmed cell death or divide to form 
bone surface lining cells or may even differentiate to os- 
teocytes, present in calcified matrix and are responsive 
to mechanical stresses (26). Osteoclasts are derived from 
the monocyte/ macrophage lineage (25), whereas osteo
blasts are derived from MSCs which can also differentiate 
into adipocytes, chondrocytes, or myocytes, depending 
on the activation or inhibition of specific signaling path
ways (27). These signaling molecules include bone mor
phogenetic proteins (BMPs), transforming growth factor 
(TGF)-p, WNT, Hedgehog, parathyroid hormone, insulin
like growth factor-i, fibroblast growth factors and Notch.

giogenic signaling known as Sprouty-related protein 1 
(Spred-l) (31). In vivo developmental angiogenesis can be 
maintained by endothelial cell-restricted miR-126 (32). 
miR-210 is associated with angiogenesis in patients suf
fering from osteonecrosis (ON) of the femoral head (33).

3.2. Rloe ofmiRNA in Osteosarcoma
Osteosarcoma (OS) is a malignant bone tumor that 

develops during adolescence. miRNA plays a role in the 
down-regulation of Fas expression, in OS expression of 
miR-20a and miR-19 is relatively more in metastatic low- 
Fas-expressing LM7 cells than in the parental non meta
static high-Fas-expressing SAOS-2 cells (34). miR-125b is 
regulated by signal transducer and activator of tran
scription 3 (STAT3), which binds in vitro to the promot
er region of miR-l25b thus acts as a transactivator (35). 
BMP2 targets MiR-34c which induces changes on Notchl, 
Notch2 and jagl. miR-34 and notch signaling could be 
used in therapies in various bone cancers (36). Down- 
Regulation of miR-183 promotes migration and invasion 
of OS by Targeting ezrin (37).Hematopoeitic stem cells MSCs

I I 3.3. Role ofmiRNAs in Arthritis
Arthritis is a musculoskeletal state in which various mi- 

croRNAs plays an important role. MiR-l46a inhibits osteo- 
clastogenesis and when administrated, it prevents from 
the destruction of joint in mice suffering from collagen- 
induced arthritis (CIA) by down regulating the expres
sion of c-Jun (transcription factor). Receptor activator 
of nuclear factor kappa-B ligand (NF-ATci), PU.i (tran
scription factor), and tartrate-resistant acid phosphatise 
(TRAP) (38). MiR-223 is up- regulated in rheumatoid ar
thritis (RA) and lentivirus-mediated silencing of miR-223 
reduces the severity of arthritis in mice (39). miR-140 is 
reduced in osteoarthritic chondrocytes, its knockdown 
promotes arthritis in mice. microRNAs should be critical 
factors for cartilage development and homeostasis (40). 
miR-221/222 and miR-323-3p are linked to rheumatoid 
arthritis when predicted using the human TNF in trans
genic mouse model (41). Dysregulation of 17 miRNAs con
tribute to RA pathogenesis (42).
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Figure 1. Bone remodeling. Haematopoietic Stem Cell-Derived Osteo
clasts and Mesenchymal Stem Cell (MSC)-Derived Osteoblasts Participate 
in Couple and Sequential Process of Bone Remodeling.

MSCs can be isolated from bone marrow, cord blood, pe
ripheral blood, fallopian tube, fetal liver and lung. MSCs 
derived from bone marrow have the potential to prolifer
ate and get differentiated into osteoblasts, chondrocytes, 
adipocytes, cartilage, tendons, muscle and skin. Differ
entiation of MSCs into osteoblasts is very significant for 
bone remodeling. The differential expression of miRNAs 
has a major influence on the maintenance of differentia
tion of osteoblasts (28-30).

3. Effect of miRNA on Various Aspects of 
Bone Biology

3.4. Role ofmiRNA in Osteoporosis
In Osteoporosis, bone strenght is severely affected due 

to which patients have higher risk of fractures. Neuro
nal and microRNA-dependent pathways are used for 
the treatment of osteoporosis (43). Various positive and 
negative regulator miRNA of bone remodeling can be 
used for therapeutic purposes of osteoporosis like miR- 
29 family (44), miR-138 (45), etc. miR-l33a in circulating 
monocytes is a potential biomarker for postmenopausal 
osteoporosis (46). MiR-34c regulates Notchl, Notch2, and 
Jagl in osteoblasts to control the differentiation of osteo
clasts, presumably through cell/cell contact (35). miR-214 
is elevated in patients with fractures due to low bone for-

3.1. Role of miRNA in Angiogenesis
Angiogenesis is a mechanism whereby regenerates and 

repair bones. At the time of injury, newly-formed blood 
vessels brings oxygen, nutrients, inflammatory cells, 
cartilage and bone to regenerating callus. Inflamma
tory cells and stromal cells produce VEGF to maintain 
angiogenesis. Several miRNA plays a role in angiogenesis 
like MiR-126, which promotes pro-angiogenesis of VEGFs 
and FGF by suppressing an intracellular inhibitor of an-
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miRNAs like miR-23a, miR-30c, miR-34c, miR-133a, miR- 
135a, miR-137, miR-204, miR-205, miR-217, and miR-338 
also target and decrease the expression of Runx2 lead
ing to the inhibition of osteoblast differentiation (51,52). 
miR-355 also targets Runx2 mRNA and when miR-335 is 
overexpressed in hMSCs, it inhibits proliferation, migra
tion as well as osteogenic and adipogenic potential (53). 
MSCs differentiation into osteoblasts can be inhibited by 
miRNAs such as hsa-miR-31, hsa-miR-l06a, hsa-miR-l48a, 
and hsa-miR-424 and their target genes are Runx2, Cbfb 
and BMPs. miR-133 and miR- 135 inhibit the differentia
tion of osteoprogenitors by acting on Runx2 and Smad5 
pathways (54). miR-26a also inhibits osteoblast differen
tiation by targeting Smadi in human adipose tissue de
rived stem cells (55). Smad proteins are intracellular sig
naling components for TGF-(3/ BMP signaling and BMP-2 
via Smads activates osteoblast essential genes (56). TRPSl 
is a chondrogenic GAIA transcription factor controlled 
by miRNAs (51, 52, 54). Due to mutation in Runx2 gene, 
dominantly inherited skeletal malformation cleidocra
nial dysplasia (CCD) occur. Mutations in the human Trpsl 
gene causesTricho-Rhino-Phalangeal syndrome types I 
and III (57-59).Ten Runx2-targeting miRNAs blocks MC3T3 
osteoblast differentiation (52). Seven of these also targets 
TRPSl and miR-30c is such a TRPSl/RUNX2-targeting miR- 
NA. TRPSl inhibits the transcriptional activity of RUNX2 
along with Runx2 promoter (58).The genetic interactions 
and biological correlations between RUNX2 and TRPSi 
are remarkable, since they have common miRNAs that 
regulate their expression, which block their osteochon- 
drogenic functions, the activities of RUNX2 and TRPSi 
leading to a common function linked to early stages of 
differentiation in skeletal cells (60).
Treatment of osteoblastic or chondrocytic cells with a 

representative TRPSl/RUNX2-targeting miRNA (miR-30c) 
results in opposite and coordinate effects on the expres
sion of a number of genes encoding components of sig
naling pathways (e.g. responding to TGF-p/BMP2, IGFl or 
FGF2) that control bone or cartilage development (61-63). 
miR-30 also up-regulates TGF-p signaling components 
while osteoblast differentiation and the resulting sensiti
zation of TGF-P/SMAD3 signaling synergize with miR-30c 
to repress RUNX2 and the expression of osteoblast spe
cific ECM proteins (60).

PTK2 encodes FAR protein, which is the activator of ERKi 
and ERK2 during osteoblast differentiation of hMSCs, 
miR-138 binds to3'UTRof PTK2 and acts as negative regu
lator of hMSCs by maintaining its undifferentiated state 
(64, 65). The overexpression of miR-138 diminishes FAR 
at the protein level, whereas the inhibition of miR-138 by 
antimiR-138 causes the depression of FAR, which is regu
lated by miR-138 during osteoblast differentiation (66).

mation rate. The inhibitory role of miR-214 in bone for
mation has been revealed in transgenic mice. Both the 
activity of osteoblast as well as mineralization of matrix 
promoted by antagomir-214 and deceased by agomir-214, 
and miR-214 inhibits osteoblast differentiation by affect
ing ATF4. Therefore, if miR-214 is inhibited in osteoblasts, 
this strategy can be used for treatment against osteopo
rosis (47).

Table l. Effect of miRNAs on Various Bone Mechanisms

ReferencemiRNA Involved Mechanism

Increase of angiogenesis (32)miR-126

(33)miR-210
(34)miR-20a and miR- Decrease of osteosar

coma19a

(35)miR-125b

(36)miR-34

(37)miR-183
Decrease of arthritis (38)miR-l46a

(40)miR-140
(41)miR-22l/222,323-3p

miR-34c

Decreased miR-214

Decrease of osteoporosis (36)

(47)

4. miRNAs as Regulators of Osteoblast 
Differentiation

4.1 miRNAs as Negative Regulators
Several miRNAs regulates bone remodeling by acting 

as negative regulators of osteoblast differentiation. miR- 
206 connexin 43 (Cx43) is one of the gap junction protein 
found in osteoblasts and its negatively regulated if miR- 
206 is overexpressed (30). miR-378 inhibits osteoblast dif
ferentiation by reducing the expression of nephronectin 
(NN, an extracellular matrix protein) (48). Osteoblast dif
ferentiation is also inhibited by miR-138 that targets FAR 
(Focal Adhesion Kinase) translation, consequently reduc
ing phosphorylation of FAR. Its target ERKl/2 proteins re
sults in decreased phosphorylation of Runx2 and Osterix 
expression 45.

4.2. Effect of miRNA on Run?i2 in Negative Osteo
genesis

Runx2 is a bone specific transcription factor that regu
lates several genes and is required for the expression of 
several osteoblast differentiation genes such as type I 
collagen, osteocalcin (49). Runx2 gene expression is in
hibited by miR-204 and miR-211, which behaves as nega
tive regulators for the differentiation of osteoblasts and 
mineralization in mesenchymal progenitor cells and 
bone marrow stromal cell (BMSCs) (50). Various other

4.3. miRNA as Positive Regulators 
Certain miRNAs act as positive regulators of osteogenic
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differentiation like miR-29b down-regulates inhibitors of 
osteoblast differentiation such as HDAC4, TGF3, ACVR2A, 
CTNNBIPl, and DUSP2; thus, it promotes osteogenesis 
(67, 68). Increased levels of let-7, miR-24, miR-125b, and 
miR-138 repress the expression of non osteogenic target 
mRNAs involved in PDGF pathway, so these miRNAs up- 
regulates osteogenic differentiation (69). miR-218 acts 
as positive regulators during the differentiation of os
teoblasts to the final stage of forming mineralized tis
sue by inhibiting ERBI (TOBl) and sclerostin (SOST) (70). 
When the same miRNA polycistron causes transcription 
of miR-3960 and miR-286l, they act on Runx2/miR-3960/ 
miR-286l regulation feedback mechanism and help in os
teoblast differentiation (71). miR-26a/b and miR-29b both 
behave as positive regulators of osteogenic differentia
tion in unique stem cell type (USSC) by acting on CDK6 
and HDAC4 which are osteoinhibitory proteins (72).

others act as negative regulators during osteoblast dif
ferentiation. Understanding the role of various miRNAs 
is beneficial in understanding the various bone diseases 
and thus the development of their treatments. Treat
ments through miRNAs can be beneficial, due to its small 
size, easy synthesis, targeted and quick delivery. Further 
work needed to be done to make miRNA treatment avail
able to large number of people suffering from various 
bone diseases.
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4.4. Effect of miRNA on Runx2 in Positive Osteogen
esis

During positive osteogenesis, RUNX2 is influenced by 
miRNAs like the expression of miR-20a increasing during 
the osteogenic differentiation and it stimulates the osteo
genesis of hMSCs. BMPs and Runx2 are important factors 
in the osteogenesis of MSCs (8, 73). miR-20a suppresses 
PPARy, which is a very important factor for the differen
tiation of osteoblasts and also is essential for maintain
ing homeostasis of bones (74,75). PPARy is the antagonist 
of BMP and RUNX2 especially when the activated inhibits 
RUNX2 transcription (76) and down regulates the expres
sion of BMP(77). Due to lowered action of BMP and RUNX2 
(77), the phenotypic expression of osteoblast is repressed 
by PPARy. Antagonists of the BMP signaling pathway are 
generally categorized at three levels: extracellular (Nog
gin, Gremlin, Chordin), cell surface (Bambi and Criml) 
and intracellular inhibitory (Smads 6 and 7) (78) .Bind
ing sites miR20a are also present in 3'-UTR of Bambi and 
Criml. Bambi is negatively activated on by miR-20a and 
more BMP molecules bind to their receptors, thus, the 
RUNX2 expression is increased, whereas the role of Criml 
on BMPs after binding them is to reduce their secretion as 
mature active proteins and processing of pre-protein to 
mature BMP; hence, it causes the binding of pre-proteins 
to cell surface (73,79) and suppression of Criml occuring 
after the transfection of miR-20a. therefore, there is an 
increase of free, mature and active BMP that activate BMP 
signaling, thus enhancing the osteogenesis of MSCs (73).
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