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Summary
Purpose: Osteosarcoma is one of the rare but fatal malignancies. The high metastatic rate, late diagnosis, emergence
of drug resistance against drugs such as doxorubicin, and
the lack of therapeutic targets obstructs the treatment of
osteosarcoma. This study was undertaken to investigate the
role and therapeutic potential of miR-187 in human osteosarcoma cells.
Methods: The WST-1 proliferation assay was used for investigation of cell viability. Transfections were carried out
by Lipofectamine 2000 reagent. The qRT-PCR was used for
expression analysis. DAPI, acridine orange (AO)/ethidium
bromide (EB) and Annexin V/propidium iodide (PI) assay
were used for apoptosis. Western blot analysis was used for
the determination of protein expression.
Results: The expression of miR-187 was significantly downregulated in human osteosarcoma cells. Out of all osteosarcoma cell lines the SAOS-2 showed the lowest expression of
miR-187 and therefore this cell line was selected for further
studies. Overexpression of miR-187 caused significant inhibi-

tion in the proliferation of SAOS-2 osteosarcoma cells. The
miR-187-triggered growth inhibition was found to be mainly
due to induction of G2/M phase cell cycle arrest of the SAOS2 cells. The G2/M cell cycle arrest was also accompanied by
depletion of Cyclin-B1 expression. Additionally, miR-187
enhanced the chemosensitivity of the osteosarcoma cells to
doxorubicin. The wound healing and transwell assay showed
that miR-187 overexpression resulted in the suppression of
migration and invasion of the SAOS-2 osteosarcoma cells.
In silico analysis showed that miR-187 exerts its effects by
inhibiting mitogen activated protein kinase 7 (MAPK7). The
expression of MAPK7 was found to be significantly upregulated in osteosarcoma cells and overexpression of MAPK7
could nullify the effects of miR-187 on the proliferation of
the osteosarcoma cells.
Conclusion: Taken together, miR-187 may bear therapeutic
implications in the treatment of osteosarcoma.
Key words: osteosarcoma, microRNA, cell cycle arrest,
MAPK7, migration, invasion

Introduction
Osteosarcomas are primary malignant tumors
of bone that are characterized by osteoid or immature bone development [1]. Οsteosarcoma is considered as one of the rare cancers accounting for
around 1% of all the malignancies detected in United States. Among all age groups, osteosarcomas are
more prevalent in children and adolescents and in
United States, around 55% of all the osteosarcomas
occur in children and adolescents [2]. Despite being
rare, osteosarcomas are considered fatal malignan-

cies owing to their capacity to develop metastasis.
It has been reported that around 80% of osteosarcomas create metastasis and hence there is urgent
need for early detection, identification of efficient
therapeutic targets and effective chemotherapy for
the treatment this disease [3]. Over the last few
decades, research endeavours have been directed
to explore the roles of microRNAs (miRs) in human cells. The miRs control the majority of the
human genes and are thus involved in vital cellular
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functions [4]. They have been found to regulate the
expression of target genes via post transcriptional
regulation [5]. The dysregulation of miR expression
has been shown to be responsible for the development of deadly diseases such as cancer. Thus,
miRs exhibit therapeutic implications in treating a
wide range of human diseases [6]. The miR-187 has
been shown to be downregulated in several types
of cancers such as renal cell carcinoma [7]. This
miR has been shown to target disabled homolog-2
to control the progression of ovarian cancer [8]. In
colorectal cancer, miR-187 has been reported to
play a role in growth and metastasis [9]. It has also
been reported to suppress the metastasis of hepatocellular carcinoma by modulating the expression
of S100A4 [10]. Also, it has been reported to inhibit
the proliferation of non-small lung cancer cells by
targeting CYP1B1 [11]. This study investigated
the role and therapeutic potential of miR-187 in
osteosarcoma.

80% confluence, the appropriate concentrations of miR187 mimics or NC was transfected into these cells.

Methods

Cell invasion assay

Cell lines and culture conditions
The normal hFOB.19 cells and osteosarcoma cell
lines (SAOS-2, HOS, 143B, T1-73 and MG63) were purchased from American Type Culture Collection (Manassas, VA, USA). Out of all osteosarcoma cell lines the
SAOS-2 showed the lowest expression of miR-187 and,
therefore, this cell line was selected for further studies.
The cell lines were maintained in Dulbecco’s modified
Eagle’s medium supplemented with 10% fetal bovine
serum (FBS) (Thermo Fisher Scientific, Inc., Waltham,
MA, USA), antibiotics (100 U/ml penicillin and 100 μg/
ml streptomycin), and 2 mM glutamine. The cells were
cultured in a CO2 incubator (Thermo Fisher Scientific,
Inc.) at 37°C with 98% humidity and 5% CO2. All transfections were carried out by Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) as per the manufacturer’s protocol.

The WST-1 proliferation and colony assays
The proliferation rate of SAOS-2 cells was monitored by WST-1 assay. In brief, SAOS-2 cells were cultured in 96-well plates at a density of 2×105 cells/well.
The cells were then transfected with miR-NC or miR-187
mimics and again incubated for 24 h at 37°C. This was
followed by incubation of the cells with WST-1 at 37°C
for 4 h. The absorbance was then measured at 450 nm
using a victor 3 microplate reader to determine the proliferation rate at 0, 12, 24, 48 and 96 h time intervals.
Colony formation assay of the miR-187 overexpressing
SAOS-2 cells was performed as described previously [12].
Cell cycle analysis
The transfected SAOS-2 cells were cultured for 24
h at 37°C. The cells were then washed with phosphate
buffered saline (PBS). Afterwards, the SAOS-2 cells were
stained with PI and the distribution of the cells in different
cell cycle phases was assessed by FACS flow cytometer.

The effects of miR-187 overexpression on the invasion ability of SAOS-2 cells was determined by transwell
assay with Matrigel. The SAOS-2 cells were transfected
with miR-187 mimics and around 200 ml cell cultures
were placed onto the upper chamber and empty in Dulbecco’s modified Eagle’s medium was placed in the bottom chamber. After 24 h of incubation, the cells were
removed from the upper chamber and the cells that invaded via the chambers were fixed with methyl alcohol
and subsequently stained with crystal violet. Inverted
microscope was used to count the number of invaded
cells at 200× magnification.
Wound healing assay

The transfected SAOS-2 cells were cultured till 80%
confluence. This was followed by removal of Dulbecco’s
modified Eagle’s medium and subsequent washing with
PBS. Afterwards, a wound was scratched with a sterile
pipette tip and a picture was taken. The plates were then
The qRT-PCR analysis
incubated for about 24 h at 37°C and then a picture was
The total RNA from the normal and the osteosar- taken again under an inverted microscope.
coma cell lines was isolated by TRIzol Reagent (InvitDual-luciferase reporter assay
rogen) following the manufacturer’s instructions. The
complementary (c)DNA was synthesized using M-MLV
The miR-187 target was identified by TargetScan
reverse transcriptase (Promega, Madison, WI, USA) and online software (http://www.targetscan.org). The miRamplified with Platinum SYBR Green qPCR SuperMix- 187 mimics or NC were co-transfected with Plasmid
UDG reagents (Invitrogen) using the CFX96 sequence pGL3-MAPK7´-UTR-WT or pGL3-MAPK7´-UTR-MUT
detection system (Bio-Rad, Hercules, CA, USA). The ex- into SAOS-2 cells. Dual-luciferase reporter assay (Propression was estimated by 2-ΔΔCt method and actin was mega) was carried out at 48 h after transfection. Renilla
used as an internal control.
luciferase was used for normalization.
Cell transfection

Western blotting

The miR-187 mimics and negative control (NC)
were synthesized by RiboBio (Guangzhou, China). Transfection was then carried out by the Lipofectamine 2000
reagent (Invitrogen, Carlsbad, CA, USA) as per the manufacturer’s instruc¬tions. As the SAOS-2 cells reached

The normal and the osteosarcoma cell lines were
cultured at 37°C for 24 h and then centrifuged at high
speed (12000 rpm). The cell pellet was washed with
PBS and re-suspended in RIPA lysis buffer. Thereafter,
the concentrations of the proteins were determined and
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equal concentrations of the proteins were loaded on
10% SDS-PAGE. The samples were transferred to polyvinylidene fluoride membranes and blocking was done
using 5% skimmed milk powder. This was followed by
membrane incubation with primary antibodies at 4˚C
for 24 h. Next, the membranes were incubated with
horseradish peroxidase-linked biotinylated secondary
antibodies for 2 h. The membranes were washed in
phosphate-buffered saline (PBS) and the immunoreactive bands were observed by ECL-PLUS/Kit as per the
manufacturer’s guidelines.
Statistics

was examined in 5 different osteosarcoma cell lines
as well as the normal cells by qRT-PCR. The results
showed that miR-187 was significantly suppressed
in the osteosarcoma cells relative to its expression
in normal astrocytes (Figure 1A). The expression of
miR-187 was 8-fold lower in the osteosarcoma cells.
Additionally, the expression of miR-187 was found
to be highly downregulated in the SAOS-2 cells.
miR-187 suppresses the proliferation and colony formation of SAOS-2 cells

To elucidate the role of miR-187 in the proliferation of the osteosarcoma SAOS-2 cells, the
cells were transfected with miR-187 mimics. The
overexpression of miR-187 in SAOS-2 cells was
validated by qRT-PCR, which showed around 5-fold
enhancement in the miR-187 expression (Figure
Results
1B). Next, the proliferation rate of miR-187 overexpressing SAOS-2 cells was monitored at differmiR-187 is downregulated in osteosarcoma cells
ent time periods. The results showed that miR-187
For the determination of the miR-187 expres- overexpression resulted in significant decrease in
sion in osteosarcoma, the expression of miR-187 the proliferation rate of the SAOS-2 cells (Figure
The experiments were performed in triplicate and
the values represent the mean ± standard deviation
(SD). P<0.05 was considered as significant difference.
Student’s t-test using Graph Pad prism 7 software was
used for the statistical analyses.

Figure 1. A: Expression of miR-187 in different osteosarcoma cell lines and hFOB1.19 cells. B: Expression of miR-187
in miR-NC and miR-87 mimics transfected SAOS-2 cells. C: Cell viability of miR-187 in miR-NC and miR-87 mimics
transfected SAOS-2 cells. D: Colony formation of miR-187 in miR-NC and miR-87 mimics transfected SAOS-2 cells. The
experiments were performed in triplicate and expressed as mean ± SD (*p<0.05).
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1C). The effects of miR-187 overexpression were
also examined on the colony formation potential
of the SAOS-2 cells and it was found that miR-187
overexpression inhibited the colony formation of
the miR-187 cells by 62% (Figure 1D).
miR-187 induces G2/M arrest of the SAOS-2 cells

Figure 2. A: Cell cycle distribution of miR-NC and miR187 mimics transfected SAOS-2 osteosarcoma cells as determined by flow cytometry B: Expression of cyclin B1 in
miR-NC and miR-187 mimics transfected SAOS-2 osteosarcoma cells as determined by western blot analysis. The
Figure shows that miR-187 induces G2/M cell cycle arrest
and inhibits Cyclin B1 expression. The experiments were
performed in triplicate and expressed as mean ± SD.

Assessment of the underlying mechanisms
was performed for the inhibition of proliferation
induced upon the overexpression of miR-187 in
the SAOS-2 cells. The results showed that miR187 caused remarkable increase in the percentage
of the G2/M phase cells, suggestive of the G2/M
phase cell cycle arrest. The percentage of the G2/M
phase cells was 55% in miR-187 mimics transfected SAOS-2 cells as compared to the 9.2% in the
miR-NC transfected cells (Figure 2A). The G2/M
arrest induced by the overexpression of miR-187
cells was also accompanied by inhibition of the
cyclin B1 expression (Figure 2B).

Figure 3. miR-187 overexpression enhances the doxorubicin resistance of the SAOS-2 osteosarcoma cells as depicted
by WST-1 assay. The experiments were performed in triplicate and expressed as mean ± SD (p<0.05).

Figure 4. Wound healing assay showing cell migration in miR-NC and miR-187 mimics transfected SAOS-2 osteosarcoma cells as determined by Western blot analysis. The experiments were performed in triplicate and expressed as
mean ± SD (*p<0.05).
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miR-187 enhances the doxorubicin sensitivity of and subjected to WST-1 assay. The results showed
that effects of miR-187 mimics and doxorubicin
SAOS-2 cells
treatment were more profound on the SAOS-2 cell
The effects of miR-187 were examined on proliferation than miR-187 mimics or doxorubicin
the sensitivity of the osteosarcoma SAOS-2 cells individually (Figure 3), suggesting miR-187 overto doxorubicin. The osteosarcoma SAOS-2 cells expression enhances the drug sensitivity of osteowere transfected with miR-187 mimics or treated sarcoma cells.
with 5 µM doxorubicin or transfected with miR187 mimics plus treated with 25 µM doxorubicin miR-187 suppresses the migration and invasion of osteosarcoma cells
The effects of miR-187 on metastasis of the
SAOS-2 cells were determined by wound healing and transwell assay. The results showed that
miR-187 caused significant decrease in the migration of the SAOS-2 cells as depicted by the wound
width (Figure 4). The results of the transwell assay showed that invasion of the SAOS-2 cells was
inhibited by 60% upon miR-187 overexpression
(Figure 5).
miR-187 targets MAPK7 in osteosarcoma cells

Figure 5. Transwell assay showing cell invasion in miRNC and miR-187 mimics transfected SAOS-2 osteosarcoma
cells as determined by western blot analysis. The experiments were performed in triplicate and expressed as mean
± SD (*p<0.05).

The TargetScan revealed that MAPK7 acts as
the target of miR-187 in osteosarcoma cells (Figure
6A). MAPK7 was further confirmed as the target
of miR-187 by dual luciferase assay (Figure 6B).
The western blotting results further revealed that
the MAPK7 was significantly overexpressed in all
the osteosarcoma cells as compared to the normal
astrocytes (Figure 6C). Nonetheless, overexpression of miR-187 resulted in suppression of MAPK7

Figure 6. A: TargetScan analysis showing MAPK7 as the target of miR-187. B: Dual luciferase assay. C: Expression of
MAPK7 in osteosarcoma and normal cell lines and D: Western blot showing the expression of MAPK7 miR-NC and miR187 mimics transfected SAOS-2 cells. The experiments were performed in triplicate and expressed as mean ± SD (*p<0.05).
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Figure 7. WST-1 assay showing overexpression of MAPK7 rescues the growth inhibitory effects of miR-189 mimics on
the SAOS-2 osteosarcoma cells. The experiments were performed in triplicate and expressed as mean ± SD (*p<0.05 for
miR-187 mimics Vs miR-187 + pcDNA-MAPK7).

expression in SAOS-2 cells (Figure 6D), confirming
MAPK7 as the target of miR-187.
Next, it was found that overexpression of
MAPK7 in SAOS-2 cells could promote the growth
of the SAOS-2 cells and nullified the growth inhibitory effects of miR-187 overexpression on SAOS-2
cell proliferation (Figure 7).

Discussion
Osteosarcoma is one of the rare but fatal diseases common in children and adolescents [13]. The
high metastasis rate, late diagnosis, emergence of
drug resistance against the drugs such as doxorubicin, and the lack of therapeutic targets obstruct
the treatment of osteosarcoma [14]. The wide array
of roles that miRs carry out in humans by controlling the expression of human genes suggests
that miRs may prove useful therapeutic targets
for treating human diseases including cancer [15].
In this study, we investigated the role of miR-187
in osteosarcoma. It was found the expression of
miR-187 is significantly downregulated in osteosarcoma cells. Previous studies have also shown
that the expression of miR-187 is dysregulated in
cancer cells. For example, the expression of miR187 has been shown to be downregulated in renal
cancer [7]. miR-187 was overexpressed in SAOS-2
osteosarcoma cells. It was observed that miR-187
overexpression resulted in significant decline in
the proliferation rate of the SAOS-2 cells. These
results are in concordance with previous studies
wherein miR-187 has been reported to suppress
the growth of colorectal cancer cells by controlling
the expression of CD276 [16]. In yet another study,
it has been shown to regulate the expression of
FOXA2 to control the proliferation of gastric cancer cells [18]. Cell cycle analysis was performed
to assess if overexpression of miR-187 causes ar-

rest of the SAOS-2 cells. It was found that overexpression of miR-187 caused accumulation of the
G2/M phase cells, indicative of cell cycle arrest.
The G2/M arrest was also accompanied by suppression of cyclin B1 expression in the SAOS-2 cells.
Previous studies have also shown that miRs cause
arrest of different cancer cells, for example, miR185 and miR-107 have been shown to cause the
arrest of the lung cancer cells [19]. Similarly, miR122 has been shown to cause the cell cycle arrest of
hepatocellular carcinoma cells [20]. The emergence
of drug resistance in osteosarcoma against the anticancer drugs such as doxorubicin make it more
difficult to treat this disease [21]. Herein, we also
investigated the effects of miR-187 overexpression on the sensitivity of the osteosarcoma SAOS2 cells to the anticancer drug doxorubicin and the
results showed that miR-187 enhanced the chemosensitivity of SAOS-2 cells to doxorubicin. These
results are in agreement with the results of other
authors that miR-187 has been shown regulate the
sensitivity of lymphoma cells to bortezomib [22].
The effects of miR-187 were also examined on the
SAOS-2 cell migration and invasion capability and
it was found that this miR suppressed the migration and invasion of SAOS-2 cells, indicating the
implications of the miR-187 in the management of
metastatic cancers. These results are in agreement
with previous studies [9,10] wherein miR-187 has
been reported to inhibit the metastasis of hepatocellular and colorectal cancer cells [9,10]. The miRs
exert their effects by suppressing the expression of
the target genes and each miR has several targets
[23]. Herein, bioinformatic analysis together with
dual luciferase assay showed that miR-187 exerts
its effects by targeting MAPK7. Additionally, the
expression of MAPK7 was considerably increased
in all the osteosarcoma cells and overexpression of
miR-187 could inhibit the expression of MAPK7.
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Moreover, the overexpression of MAPK7 could nul- ation by inducing autophagy, apoptosis and G2/M
lify the effects of the miR-187 overexpression on cell cycle arrest. Overexpression of miR-187 also
the proliferation of SAOS-2 osteosarcoma cells.
suppressed the migration and invasion and also
enhanced the chemosensitivity of SAOS-2 osteosarcoma cells, indicative of the therapeutic impliConclusion
cations of miR-187 in osteosarcoma treatment.
Taken together, the findings of the present
study revealed that miR-187 is downregulated in Conflict of interests
osteosarcoma cells. Overexpression of miR-187 in
SAOS-2 osteosarcoma cells inhibited their proliferThe authors declare no conflict of interests.
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