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Abstract: Osteosarcoma (OS), the most common primary malignant bone tumor in both
children and adults, is characterized by the development of bone or osteoid substance by
the tumor cells [1]. Despite of Surgical treatments and combinational chemotherapy,
long term survival remains unsatisfactory because of delay in diagnosis, distant
metastasis and chemoresistence. Thus, in recent years, it has become one of the most
promising fields to investigate molecular mechanisms contributing to osteosarcoma
carcinogenesis and progression. Several biomarkers have been proposed to predict the
evolution of osteosarcoma including survivin, ErbB2, Ki67 antigen, alpha V integrins,
Tumor Endothelial Marker (TEM7), IGF1, Leptin, micro RNA. Recent advances in
expression biology have shifted in identifying and developing specific and sensitive
biomarkers such as micro RNAs. Circulating micro RNA is emerging as promising
noninvasive biomarkers for human cancers. In this review,we provide a perspective on
emerging concepts and potential usefulness of microRNA as diagnostic, prognostic
markers in OS and involvement of specific microRNA in OS metastasis. We tried to
discuss the genetic mechanisms and molecular pathways involved by aberrant
microRNA in OS. MiRNA-directed gene regulation will pave the way for improving
traditional gene therapy approaches in many cancers. Moreover, since therapeutic
targeting of miRNAs promises to improve the clinical management of patients with OS.
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INTRODUCTION

Osteosarcoma is aggressive disease that occurs
predominantly in adolescent and young adults.
Osteosarcoma is an aggressive sarcoma of the bone
characterized by a high level of genetic instability and
recurrent DNA deletions and amplifications. MiRNAs
play an important role in cancer cell growth and
migration. Detection of miRNA in serum and tissue
samples may be helpful in early diagnosis, prognosis,
and staging and even in chemotherapeutic resistence.
microRNA (abbreviated miRNA) is a small non-coding
RNA molecule (containing about 22 nucleotides) that
functions in RNA silencing and post-
transcriptional regulation of gene expression by
translational repression or target messenger RNA
degradation.

Current status of microRNA in Osteosarcoma and
Molecular mechanisms involved in Pathogenesis
MiRNAs are known to function as both
oncogenes as well as tumor suppressors in OS and
influence the phenotypic characteristic of OS cells via
regulation of their target genes. The most critical
pathways in Osteosarcoma pathogenesis are the Notch,
Wnt, NF-xB, p53, PI3K/Akt, and MAPK pathways.
The balance between cell survival and apoptosis is
determined by the Wnt and NF-xB pathways, as well
as by the ratio between the activities of the MAPK and

PI3K/Akt pathways. Several miRNAs (miRNA-21, -
34a, -143, -148a, -195a, -199a-3p, -382) regulate
multiple target genes, pathways, and processes
essential for osteosarcoma pathogenesis. Tao Luo et al.
showed that hsa-miRNA-27a-3p,hsa-miRNA-9-5p,hsa—
miRNA-182-5p,FRS2,COROIC,FOXPland CPEB4
were identified as node genes with high degrees of
association in the miRNA-gene regulatory network and
may serve a role in pathogenesis and development of
osteosarcomal[2].

MIiRNA 138 act as tumour suppressor by
inhibiting Differentiated embryogenic chondrogenic
gene 2(DEC2.MiR-138/DEC2 may be a novel
therapeutic target in osteosarcoma [3]. MiRNA 21 act
as oncomir,its high levels are associated with initiation
and progression of cancer.miR-21 targets code for
tumor suppressors, with a role in inhibiting cell
signaling, cell proliferation and migration, e.g.
phosphatase and tensin homolog (PTEN) tumor
suppressor[4](Fig.1).

Vanita et al. showed that the miRNA-21
regulatory network plays a role in tumorigenesis of
osteosarcoma. Its expression facilitates cell proliferation
and decreases cellular sensitivity towards cisplatin.
Both effects can be rescued by Spry2, a target protein
downregulated by increased miR-21 levels This shows
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that miRNA can function as novel target for Cancer
treatment [5] Yuan et al. showed that high serum level
of miRNA-21 is correlated to the advanced Enneking
stage of tumors and also as a predictive marker for
chemotherapeutic resistance and unfavorable prognostic
factor for overall survival [6].

Ming Xu et al. showed that 181 b served as
onco-miRNA via direct targeting and suppressing
RASSF8 expression may be a promising therapeutic
target of osteosarcoma.RASSF8 is a member of the
Ras-association domain family, several of which are
believed to Tumour suppressor genes[7]. Both vivo and
vitro studies conducted by Wang et al. [8]showed that
overexpression of RASSF8 inhibited melanoma cells
growth,migration and inhibition as a result of
downregulating P65 which lead to G1-S arrest and
apoptosis induction through increasing p53 and p21
expression.In addition,following RASSF8 depletion can
increase its accumulation in the cytoplasm in the
cytoplasm and then delocalized to the nucleus to
activate the canonical Wnt signaling pathway[9,10].The
detailed molecular mechanisms of RASSF8 and
whether miRNA- 181b involved in these pathways in
OS should be investigated in future.

Shi-hong Xu et al. showed that increased miR-
9 expression could be a valuable marker of tumor
progression and for prognosis of osteosarcoma [11].
Cao et al. reported upregulation of miR-802 in OS
tumor tissue and induced proliferation by regulating
p27 expression, thereby classifying miR-802 as an
onco-miRNA. At the molecular level, their results
further revealed that expression of p27, a negative cell-
cycle regulator, was negatively regulated by miR-802
[12].

Lie-Dao Yu et al. showed that higher
expression of miR-130b is correlated with adverse
clinic pathological features and poor prognosis in
Osteosarcoma.miR-130b may regulate proliferation and
invasion of osteosarcoma cells by targeting PPARY,
suggesting miR-130b may play a key role in
progression of  osteosarcoma.[13]. While the
mechanisms underlying PPARyaction are not fully
established, it has been shown that PPARy can inhibit
the cell cycle, which is accomplished at least in part
through downregulating the protein phosphatase
PP2Aupon PPARyactivation [14]. The PPARyligands
can also inhibit the G1/S transition by inhibiting Rb
phosphorylation [15]. Furthermore, PPARyupregulates
the CDK inhibitors p18 and p21 [16]. PPARyligand
PGJ2 induces both CDKp21 and the proapoptotic Bax
but downregulates the anti-apoptotic Bcl-xL [17].
Synthetic PPARyagonist treatment in human pancreatic
cancer and bladder cancer cell lines resulted in G1 cell
cycle arrest secondary to p21 induction[18, 19]. Further
insight into the cross-talk between these different
mechanisms will guide future antitumortherapies.

Yang H showed that, miR-148a act as a
tumour suppressor in OS tissues and cell lines by
targetting  Rho-associated coiled-coil kinase 1
(ROCKY) . Therefore, the miR-148a/ROCK1 axis may
become a potential therapeutic target for OS[20].

Four plasma miRNA including miR 195-5p-
199a-3p,miRNA 320 a and miR-374a-5p were
significantly increased in Osteosarcoma patients.these 4
mi-RNA  were  significantly  decreased  after
surgery.These findings imply that these miRNA may
reflect tumour dynamics and are available as new
biomarkers to evaluate tumour removal.Also plasma
miRNA including miRNA-195-5p,miRNA-199a-3p
were significantly increased in metastatic patients.
While miRNA-199a-3p and miRNA 320 a were
correlated with histological (osteoblasic) subtype [21]
..MiRNA-195-5p could inhibit osteosarcoma cell
migration and invasion through targeting FASN (fatty
acid synthase) [22]. MiR-199a-3p could inhibit
osteosarcoma cell growth, migration, and induce the
apoptosis via p53 signaling pathway [23, 24]. Jian et al.
showed that miRNA-195 plays a key role in inhibiting
osteosarcoma cell migration and invasion through
targeting.Fatty acid synthase( FASN )and strongly
suggest that exogenous mMIRNA-195 may have
therapeutic role in treating osteosarcoma.Fatty acid
synthase is an enzyme crucial to endogenous
lipogenesis in mammals and is responsible for
catalyzing the synthesis of long chain fatty acids. FASN
is critical in sustaining biological features of cancer
cells. FASN is highly expressed in variety of tumour
cells but is low in normal cells. Jian et al. showed that
expression of oncogene FASN is negatively regulated
by mi-RNA -195 through a special binding site in
FASN3’-UTR [25].

MiRNA-503 is tumour suppressor by
repressing LICAM expression during the development
of osteosarcoma. LICAM is the prototype member of
the LlI-family of closely related neural adhesion
molecule. LICAM was discovered as cell adhesion
molecule in the nervous system. Subsequent work in
tumour biology has showed that LICAM s
overexpressed in  many cancers including
Osteosarcoma. LICAM  expression is generally
associated with poor prognosis,an aggressive phenotype
and advanced tumour stages. Yang Chong et al.
Showed that LICAM expression was upregulated in
osteosarcoma cells. The expression of LICAM was
negatively correlated with miRNA 503 levels and this
leads to enhanced metastasis of cancer [26].

As a potential tumour suppressor gene
miRNA-375 downregulated in Osteosarcoma and
unfavorable progonostic factor low levels are associated
with chemoresistence. As chemoresistence remains a
substantial problem in OS.miRNA-375 might suppress
osteosarcoma growth through mediation of PI3K/Akt
pathway [27].So its potential value as noninvasive
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biomarker for osteosarcoma diagnosis, prognosis and
chemosensitivity prediction. Junbo Dong etal showed
that MiRNA -223 is downregulated in osteosarcoma
patients and lower levels are associated with distant
metastasis. Xu et al. demonstrated that miRNA-223 was
a tumour suppressor in Osteosarcoma and showed that
miR-223/Ect2/p21 signalling played a role in
osteosarcoma cell cycle progression and proliferation
[28]. MIRNA-34 is suppressed in Osteosarcoma, miR-
34 inhibited the p53-mediated cell cycle arrest and
apoptosis in OS cells [29]. The Notch signaling
pathway is involved in maintaining the balance between
cell proliferation and differentiation and altered Notch
signaling has been associated with various disorders,
including cancer[30][31]. MiRNA-34c inhibits
osteoblast differentiation and increases osteoclast
genesis through suppression of Notch signaling
(resulting in inhibition of osteoprotegerin expression) in
mouse model [32]. Additionally, p53 also induced the
upregulation of mIRNA-192, miRNA-194, and
mMiRNA-215 in U20S cells carrying wild-type p53 [33].
MiRNA-192 and miRNA-215 induce the expression of
p21, and U20S cells transfected with an expression
vector for miRNA-192 formed significantly fewer
colonies than those transfected with that for a control
miRNA or miRNA-34a [33]. The loss of miRNA-31
was associated with defects in the p53 pathway, and
overexpression of miRNA-31 significantly inhibited the
proliferation of OS cell lines [34].

Duan Z et al. found that miR-199a-3p, miR-
127-3p, and miR-376 were significantly decreased in
the OS cell lines as compared to osteoblasts, while the
expression of miR-151-3p and miR-191 was increased.
Among these miRNAs, overexpression of miR-199a-3p
in OS cell lines was associated with a significant
decrease in cell growth with G1 arrest. Furthermore,
miR-199a-3p suppressed the expression of oncogenic
and ant apoptotic proteins, MET, motor, STAT3, MCL-
1, and BCL-X. This suggests that miR-199a-3p plays a
significant functional role in regulating the proliferation
of OS cells Taken together; these findings indicate that
miR-199a-3p can prove to be a promising candidate for
gene therapy [35].

MiRNA-133a  was  downregulated in
osteosarcoma cell lines and primary human
osteosarcoma tissues, and its decrease was significantly
correlated with tumor progression and prognosis of the
patients. that the anti-tumor effect of miR-133a was
probably due to targeting and repressing of Bcl-xL and
Mcl-1 expression. This showed that roles of miR-133a
in osteosarcoma pathogenesis and implicate its potential
in cancer therapy [36](Fig-2).

microRNA  cluster  (including miR-127-3p,
miR-154, miR-299-5p, miR-329, miR-337-3p, miR-
376a, miR-376¢, miR-377, miR-382, miR-409-3p, miR-
409-5p, miR-410, miR-432, miR-493, miR-495, miR-
453, miR-654-5p, and miR-758) at the chromosome

14932 locus is significantly downregulated in
osteosarcoma compared to normal bone tissue[37].The
cMyc oncogene is inhibited by this miRNA cluster, thus
miRNA downregulation at this locus results in
inhibition of apoptosis through increased cMyc
activity[37, 38].An inverse correlation has been
demonstrated between aggressive tumor behavior (such
as increased metastatic potential and accelerated time to
death) and the residual expression of representative
14932 miRNAs (miR-134, miR-382, and miR-544) in
samples from human osteosarcoma patients[39].

Yan zhou et al. that miR-124 was down-
regulated in OS cell lines and tissues. Furthermore, the
low level of miR-124 was associated with increased
expression of Sphingosine kinase 1 (SPHK1) in OS
cells and tissues. Up-regulation of miR-124
significantly inhibited cell proliferation, invasion, and
MMP-2 and -9 expressions of OS cells [40].

MiR-127-3p is suggested to act mainly via the
suppression of SETD8 expression. Overall, the results
revealed that miR-127-3p acts as a tumor suppressor
and that its down-regulation in cancer may contribute to
OS progression and metastasis, suggesting that miR-
127-3p could be a potential therapeutic target in the
treatment of OS [41].

Current status of microRNA in osteosarcoma
Metastasis

MicroRNAs (miRNAs) are thought to have an
important role in tumor metastasis by regulating diverse
cellular pathways pulmonary metastasis is the
predominant site of osteosarcoma recurrence and the
most common cause of death.

MitsuhikoOsaki et al. showed that miRNA-
143 act as tumour suppressor and its downregulation of
miR-143 correlates with the lung metastasis of human
osteosarcoma cells by promoting cellular invasion,
probably via MMP-13 upregulation, suggesting that
miRNA could be used to develop new molecular targets
for osteosarcoma metastasis [42]. Chen B showed that
miR-145 functions as a tumor metastasis suppressor
gene by down-regulating MMP16 and may be a
potential target in osteosarcoma treatment [43].

Guoqging Duan et al. showed that
downregulation of miR-26b in osteosarcoma tissues,
negatively correlated with the expression of
connective tissue growth factor (CTGF) and Smadl.
Their data indicated that downregulation of miR-26b
in osteosarcoma elevated the levels of CTGF and
Smad1, facilitating osteosarcoma metastasis [44].

Qifei Liu et al. showed that MiR-489-3p act
as tumour suppressor in OS cells especially in high
metastatic potential cells and was also significantly
decreased in metastatic lesions compared with their
corresponding primary tumor samples paired box gene
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3 (PAX3) was identified as a functional target of miR-
489-3p in OS cells. Mechanistic investigations
indicated that prometastasis function of PAX3 was
mediated by upregulating downstream target MET
tyrosine kinase receptor. Their results revealed that
miR-489-3p-PAX3-MET signaling is critical to OS
metastasis. Targeting this pathway may open new
therapeutic prospects to restrict the metastatic potential
of OS[45].

Kang Han et al. showed that miRNA195 act
as tumour metastasis suppressor by down-regulating
CCND1 and can be used as a potential target in the
treatment of osteosarcoma [46]. CCND1 encodes
Cyclin D1 protein which is essential for G1 to S
transition. it has been reported that cyclin D1 involve
in tumor progression and metastasis[47].

Wei Wang et al. showed that Lowlevel
expression of miRNA-144 was significantly associated
with distant metastasis and poor prognosis. MiRNA-
144 suppresses OS  progression by directly
downregulating ROCK1 and ROCK2 expression, and
may be a promising therapeutic target for OS [48]. Rho-
associated kinase (ROCK) is an essential downstream
effector of the Rho small GTPase, which acts as a
molecular switch that binds GTP (active) and GDP
(inactive) to regulate cell survival, proliferation and
cytoskeleton organization, inducing alterations in cell
shape/morphology, adhesion and movement [49]. Two
existing isoforms, ROCK1 and ROCK2, are known.
Increased expression of ROCK is well documented in
tumors, and related to cancer progression, metastasis
and poor prognosis [50].

Guangfeng Niu, et al. revealed that
transforming growth factor beta 2 (TGF-p2) was
negatively regulated by miR-153. Furthermore,
overexpression of miRNA-153 decreased p-SMAD?2, p-
SMAD3, epidermal growth factor receptor (EGFR) and
insulin-like growth factor binding protein-3 (IGFBP-3)
expressions, which were the downstream signaling
molecules of TGF-B. Furthermore, miRNA-153
suppressed TGF-B-mediated MG-63 proliferation and
migration. Therefore, their results suggested that
miRNA-153 may act as a tumor suppressor in
osteosarcoma through targeting TGF-B2 [51]. Lei Shen
et al. demonstrated that miR-217 functions as a tumor-
suppressive miRNA and inhibits the osteosarcoma
tumorigenesis through targeting WASF3 [52]. The
WASF3 gene was a member of the Wiskott Aldrich
syndrome family of proteins (WASP), which contained
verprolincofilin-acidic domains at their C-terminal ends
[53, 54]. These domains were thought to coordinate the
recruitment of monomeric actin and the ARP2/3
complex of proteins to facilitate actin polymerization,
which was essential for cell movement and invasion
[54, 55]. Tang Y confirmed that WASF3 was up-
regulated in osteosarcoma tissues and overexpression of
WASF3 induced osteosarcoma cells proliferation and
invasion. However, the relevant mechanisms were still
unclear. The ability of miRNA-217 to target WASF3
might provide one possible mechanism of post-
transcriptional control of WASF3.Consequently; their
findings provided a molecular basis for the role of
miRNA-217/WASF3 in the progression of human
osteosarcoma and suggested that this miRNA could be a
potential target for the treatment of osteosarcoma in
future (Fig-3).

Fig-1
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CONCLUSION

It is evident miRNAs play a role in the
progression of OS by regulating proliferation, invasion,
adhesion, metastasis, and apoptosis. Therefore, they can
be helpful in early diagnosis, prognosis and staging of
Osteosarcoma. Since therapeutic targeting of miRNA
promises to improve the clinical management of
patients with OS, future studies should be able design
miRNA-based treatments efficiently with high quality
of delivery, therapeutic effects and better safety profiles
in OS.
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