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Abstract One of the leading causes of death among patients with malignancies is
represented by bone cancer. According to current studies, the leading cause of
death among these patients is represented by late diagnosis, poor response to
therapy, and the lack of accuracy in terms of clinical evaluation. In this regard,
there have been developed a series of methods of diagnosis and evaluation, the
most investigated being represented by miRNA expression. In this updated work,
we want to present a series of changes in the expression of miRNAs in bone
cancer. Moreover, we want to present the implications of miRNAs in targeted
therapy in such patients. Studies available in scientific databases such as PubMed
and Scopus were examined. The studies were searched using the keywords
“miRNAs expression”, “bone cancer”, ‘“genetic therapy” and ‘“genetic
biomarkers.” For the evaluation and monitoring of bone cancer, the expression of
miRNAs can be successfully used due to increased specificity. Using miRNAs as
gene therapy can be also considered a therapeutic method of the future, mainly
due to selective and targeted response of the body.
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Introduction

Currently, worldwide, a high percentage of patients die of cancer disease. One of the
cancers responsible for an increased rate of mortality is represented by bone cancer.
The most common forms of primary bone cancer are the osteosarcoma,
chondrosarcoma, and Ewing’s sarcoma (Driel and Leeuwen 2014). Among patients
with bone cancer, the most representative causes of death are late detection, limited
methods of investigation and monitoring, and a limited assessment of treatment
response. In this regard, we have researched a few genetic biomarkers. Those who
presented the most favorable characteristics in this regard are miRNAs (Bratu et al.
2016; Rogobete et al. 2016; Bedreag et al. 2016b). They become ideal candidates
regarding the evaluation of bone cancer disease due to specificity, selectivity, and
the increased accuracy they present. In this updated paper, we wish to present a
series of changes in the expression of miRNAs in bone cancer, and a series of links
between miRNA expressions and molecular mechanisms involved in the develop-
ment and invasion of bone cancer.

Pathophysiological and Pathological Aspects of Bone Cancer

One of the most common forms of bone cancer is the osteosarcoma. Regarding the
origin of cancer cells in the case of osteosarcoma, there are insufficient data
presented in the literature. However, recent studies have shown a preponderant
development of cancer cells in mesenchymal stem cells that contain mutations in the
p53. Regarding the degree of invasiveness, osteosarcomas have an increased
incidence in the pulmonary tissue. The most common form of cancer in the bones
located in the pelvis or chest is represented by Ewing’s sarcoma (Dylla et al. 2013;
Kinase et al. 2014; Sun et al. 2016). This type of cancer develops mainly in children
and young people and has a prognosis for metastasis, featuring a lower survival rate.
From the point of view of genetic changes, Ewing’s sarcoma is characterized by the
t(11; 22)(q24; q12) translocation. Genetic translocations involved in developing this
type of sarcoma are the result of fusing 5’ portion of Ewing’s gene with 3’ portion of
one of the genes responsible for the transcription factors, erythroblast transforma-
tion-specific family. In this family, there are erythroblast transformation-specific
translocation variant-1 (ETS-ETV-1), erythroblast transformation-specific translo-
cation variant-4 (ETS-ETV-4), Erythroblast transformation-specific translocation
fifth Ewing variant (ETS-FEV), friend leukemia integration-1 (FLI-1), and ETS-
related gene (ERG) (Cho et al. 2008; Fey et al. 2012; Vimalraj et al. 2013; Mohan
et al. 2014; Sun et al. 2016). Another type of bone cancer is the chondrosarcoma.
From a morphological point of view, this type of cancer is represented by the
production of a chondroid matrix. It develops mainly in the 30-60 age range and
shows a low growth speed. Recent studies have identified several biochemical and
genetic disorders in terms of developing chondrosarcomas, such as an increase in
the expression of hypoxia pathway 1-alpha (HIF1-o) or the upregulation of Bcl-2
and Bcl-x1 (Wang et al. 2013; Poulsen et al. 2014; Rippo et al. 2014). Regarding the
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location, neoplastic lesions are found in a high percentage intramedullary, and lower
rates on the outer surface of the cortex. The latter ones are called surface
osteosarcoma. Regarding classification, we can discuss about parosteal osteosar-
coma, periosteal osteosarcoma, and high-grade surface osteosarcoma. Osteosarcoma
is one of the most common malignant bone tumors, representing according to
statistics approximately 17% of this type of tumors. Unfortunately, it shows a high
incidence in adolescents and has poor prognosis. Regarding treatment regimens in
the present, surgical methods and chemotherapy are used, but the response is weak,
most likely due to the complex molecular mechanisms at that level. Regarding
invasion and malignancy, the main sites are the bone marrow with production of
leukemia, multiple myeloma, and lymphoma (Calin et al. 2008; Schnetzke et al.
2015).

Due to the characteristics, specific to the bone, it becomes an easy site to be
invaded by cancer cells and therefore developing metastasis. These features include
rich vasculature with numerous arteries, arterioles, and capillaries as well as
complex venous plexus. The mechanism by which cancer cells get out of the vessels
in the bone tissue is called mesenchymal to epithelial transition.

Several studies have revealed an important role regarding miRNAs in the
development of metastases in patients with bone cancer (Zoni and Pluijm 2016). In
this regard, the most important species of miRNAs involved in the development and
invasion of neoplasm formations are miRNA-183, miRNA-21, miRNA-30, and
miRNA-218 responsible for increasing osteoclastogenesis through the heme
oxygenase-1 (HO-1), increased expression of matrix metallopeptidase 2 (MMP2),
matrix metallopeptidase 9 (MMP9), matrix metallopeptidase 13 (MMP13), or the
activation of vascular-endothelial molecule-1 (VEM) (Fig. 1) (Zoni and Pluijm
2016).

Biochemical Aspects of miRNAs

From the point of view of biosynthesis mechanisms of miRNAs, they begin in the
cell nucleus (Bedreag et al. 2016a). Biosynthesis processes begin with the activation
of RNA polymerase II and the action on specific genes. In this way, there are a
series of biochemical reactions of transcription and pri-microRNAs are formed.
Following these reactions, Rnase III endonuclease, also called Drosha with
DiGeorge Syndrome Critical Region 8 (DGCRS), turns pri-miRNAs in pre-miRNAs
(Ticlea et al. 2016). Subsequently, pre-miRNAs are transported into the cytoplasm
through Exportin 5 protein. Once in the cytoplasm, pre-miRNAs are attacked by
RNase III endonuclease, also called Dicer with RNA-binding protein (TRBP)
leading to the formation of double-stranded miRNAs (Bedreag et al. 2015; Bratu
et al. 2016; Papurica et al. 2016). Mature miRNA species generated are incorporated
into the RNA-induced silencing complex (RISC). The last step that concerns
miRNA biogenesis is extracellular transport under various epigenetic forms (Fig. 1)
(Papurica et al. 2015).
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Fig. 1 Schematic representation of bone cancer dissemination through miRNA bioproduction. For more
explanations see the text (Color figure online)

miRNA Expression in Cancer Bone Disease

Another intensely studied species in terms of epigenetic expression in bone cancer is
represented by miRNA-19a. Also, A statistically significant change in the
expression of this species in several types of cancer, such as lung cancer, colorectal
cancer, or esophageal squamous cell carcinoma was observed. From a functional
perspective, miRNA-19a intervenes in the modulation of TIMP-2 expression, thus
suppressing laryngeal squamous cell carcinoma apoptosis. STAT3 mechanisms are
found in pulmonary cancer, intervening from a pathological point of view in the
activation of non-small cell lung cancer. Zou et al. studied the activity of miRNA-
19a in human osteosarcomas. In the study, they showed a statistically significant
correlation between increasing the expression of miRNA-19a and decreasing
mortality in patients with osteosarcoma (p < 0.05) (Table 1). They also reported
significant correlations between increasing miRNA-19 and poor response to
chemotherapy and degree of metastatic invasion (Zou et al. 2016).

Another intensively investigated genetic species in this area is miRNA-92a. Jiang
et al. have reported an increase in miRNA-92a expression in osteosarcoma
correlated with increasing mortality. Moreover, they have shown that miRNA-92a
comes into the mechanism F-box and WD repeat-containing protein 7 (FBXW7)
(Jiang et al. 2017).
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Table 1 Changes in the expression of miRNA bone cancer
Study miRNA miRNAs Observations Reference
expression
Ji et al. Downregulation miRNA-133a Osteosarcoma cell lines Ji et al.
Primary human osteosarcoma (2013)
Reduce cell proliferation
Suppress tumorigenicity
Increase cell apoptosis
Lian et al. Upregulation miRNA-1908 Osteosarcoma patients Lian et al.
Poor response to chemotherapy (2016)
Increased incidence of distance
metastasis
Pu et al. Downregulation miRNA-193a-3p  Osteosarcoma cell line Pu et al.
miRNA-193a-5p  Suppression of osteosarcoma cell (2016)
migration
Decrease the cell invasion
Li et al. Downregulation miRNA-452 Osteosarcoma cell line Li and
Human tumor Wang
Predicted poor prognosis (2016)
Inhibits cell invasion
Increases cell apoptosis
Bao et al. Downregulation miRNA-206 Cell lines Bao et al.
Primary human sample (2013)
Associated with advanced
clinical stage
Poor histological differentiation
Xu et al. Upregulation miRNA-9 Primary human sample Xu et al.
Correlated with tumor size (2014)
Correlated with clinical stage
and distance metastasis
Liet al. Downregulation miRNA-452 Primary human sample Li and
Correlated with larger tumor size ~ Wang
Advanced clinical stage (2016)
High mortality rate
Liu et al. Downregulated miRNA-126 Primary human sample Liu et al.
Correlated with larger tumor size (2015)
High mortality rate
Duan et al. Downregulated miRNA-199a-3p  Human sample Duan et al.
Cell lines (2009)
Increased cell proliferation
Increased cell migration
Lian et al. Upregulated miRNA-195-5 Primary human sample Lian et al.
miRNA-199a-3p  Tumor progression (2015)
miRNA-320a Poor prognosis

miRNA-374-5p
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Table 1 continued

Study miRNA miRNAs Observations Reference
expression
Zhang et al. Upregulated miRNA-148 Primary human sample Zhang et al.
Poor prognosis (2016)
Tumor prognostic
Dong et al. Downregulated ~ miRNA-223 Primary human sample Dong et al.
(2016)

Larger tumor size
Advanced clinical stage

Poor prognosis

Namlgs et al. conducted a study on the expression of miRNAs in osteosarcoma
cell lines. The study showed a decrease in the expression of miRNA-1, miRNA-
133a, miRNA-144, miRNA-451, miRNA-195 and miRNA-497, miRNA-126,
miRNA-126*%, miRNA-142-3p, miRNA-150, miRNA-223, miRNA-486-5p,
miRNA-133b, and miRNA-206 as opposed to healthy bone tissue. Also, they have
identified increased expression for miRNA-17-92, miRNA-106b-25, miRNA-106a-
92, miRNA-9, miRNA-9*%, miRNA-21%, miRNA-31, miRNA-31 * miRNA-196a,
miRNA-196b, and miRNA-374a in the osteosarcoma cell line (Namlgs et al. 2012).
Tang et al. conducted a similar study, reporting a change in the expression of
miRNA-27a in patients with osteosarcoma (p < 0.001). Moreover, they show that
modifying the expression of miRNA-27a can be correlated with positive distant
metastasis (p = 0.01), respectively, with poor response to specific therapies
(p = 0.008) (Tang et al. 2015).

Sun et al. have identified a decrease in miRNA-217 expression in osteosarcoma
cell lines and clinical specimens. They also reported significant correlations in terms
of downregulation of miRNA-27, tumor size, and positive distance metastasis. An
extraordinary thing they have highlighted in this study is the fact that miRNAs can
serve as therapeutic agent. They showed in vitro that increasing miRNA-127
expression will inhibit proliferation, invasion, and tumor cell migration (Sun et al.
2015a). A similar study was conducted by Yang et al. (2015) who reported an
aberrant increase in the expression of miRNA-221 in osteosarcoma tissues
(»p = 0.001). Regarding the implications of miRNAs in the principles of therapy
based on miRNAs, Li et al. (2016) showed that miRNA-143 can inhibit the activity
of Bcl-2 by activating Caspase-3, thus inducing apoptosis in osteosarcoma cells.
Wang et al. reported in a similar study an increase in miRNA-214 expression in
osteosarcoma tissue (p < 0.001). Moreover, they showed a statistically significant
correlation between the upregulation of miRNA-214 and large tumor size
(p = 0.01) or poor response to chemotherapy (p = 0.006) (Wang et al. 2014).

Regarding resistance to chemotherapy, Cai et al. (2013) have reported an
increase in the expression of miRNA-210 and miRNA-221. A similar study was
conducted by Song et al. (2009) which showed a statistically significant correlation
regarding the poor response to chemotherapy and increased expression of miRNA-
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140. According to reports, the leading cause of death among bone cancer patients is
represented by lung metastases (Sun et al. 2015b). Regarding the expression of
miRNAs in Ewing’s sarcoma, Kawano et al. (2015) showed a decrease in the
expression for miRNA-16, miRNA-29b, and let-7a.

Conclusions

Changes in the expressions of miRNAs may serve as a successfully epigenetic
biomarker for evaluating and monitoring patients with bone cancer disease.
Moreover, administration of specific miRNAs can alter the genetic and pathophys-
iologic response, and can be considered as therapeutic methods of the future. With
all these, further studies are needed both in terms of getting a diagnostic panel, and
in order to develop specific genetic therapies.
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