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Abstract
Background Studies show that abnormalities in non-coding
genes can contribute to carcinogenesis; microRNA levels
may modulate cancer growth and metastatic diffusion.
Method MicroRNA libraries were built and sequenced from
two osteosarcoma cell lines (MG-63 and 143B), which differ
in proliferation and transmigration. By cloning and transfec-
tion, miR-93, expressed in both cell lines, was then
investigated for its involvement in osteosarcoma progression.

Results Six of the 19 miRNA identified were expressed in
both cell lines with higher expression levels of miR-93 in
143B and in primary osteosarcoma cultures compared to
normal osteoblasts. Interestingly, levels of miR-93 were
significantly higher in metastases from osteosarcoma than
in paired primary tumours. When 143B and MG-63 were
transfected with miR-93, clones appeared to respond
differently to microRNA overexpression. Ectopic expres-
sion of miR-93 more significantly increased cell prolifera-
tion and invasivity in 143B than in MG-63 clones.
Furthermore, increased mRNA and protein levels of
E2F1, one of the potential miR-93 targets, were seen in
osteosarcoma cellular clones and its involvement in 143B
cell proliferation was confirmed by E2F1 silencing.
Conclusion Although further studies are needed to evaluate
miRNA involvement in osteosarcoma progression, miR-93
overexpression seems to play an important role in osteo-
sarcoma cell growth and invasion.

Keywords MicroRNA . Proliferation .Migration .

Apoptosis . Osteosarcoma

1 Introduction

Osteosarcoma (OS), the most common bone tumour, is a rare
malignant neoplasm [1], for which biologic and pathologic
information are still largely incomplete. In recent years
surgery combined with chemotherapy has markedly im-
proved patient survival [2]; however the use of anti-cancer
drugs is still associated with serious problems, such as
frequent acquisitions of drug-resistant phenotypes, highlight-
ing the need for urgent novel treatment approaches [3]. A
better understanding of the cellular and molecular mecha-
nisms underlying pre- and post-surgery metastasis formation
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and the development of chemo-resistance in these tumours are
fundamental for prognosis and to unveil novel parameters
predicting therapeutic response [4]. Recently, much attention
has focused on the impact of microRNA (miRNAs) on
tumorigenesis and cancer progression. miRNAs, a class of
post-transcriptional regulators, are single strand RNA mole-
cules of about 22-nucleotides in length and regulate gene
translation into proteins acting either as tumour suppressor
genes or oncogenes, thus affecting mRNA stability and
translation [5]. They are transcribed as pri-miRNA precursors
and cleaved by Drosha endonuclease in the nucleus, exported
into cytoplasm by Exportin-5 as a pre-miRNA, prepared for
entry into a large protein complex (RISC) by Dicer
endonuclease-removing harping structure [6]. One of the
RNA strands, corresponding to mature miRNA, is comple-
mentary to mRNA target(s) and 30% of human protein-
encoding genes are hypothesized to be regulated by miRNAs.
miRNAs were stated as developmental modulators, with an
important regulatory role in a broad range of biological
processes including development timing, cell differentiation,
proliferation, apoptosis, and tumorigenesis [7–9]. Further-
more, there is increasing evidence that abnormalities in certain
miRNAs play a role in the molecular mechanism involved in
malignant progression, acting as potential regulators of cell
motility and/or mediators of cancer spreading [10]. “Oncomir”
ectopic expression appears to be associated with transforma-
tion, metastatic progression, increased cell viability and
proliferation in many solid tumours [11–15]. Other miRNAs,
belonging to the tumour suppressor family, have been found
down-regulated in a variety of tumours, such as miR-Let-7 in
breast cancer [16], miR-335 required for metastasis formation
of highly malignant cells [17], and miR-34a, a potent effector
of the p53 transcriptional network in uveal melanoma [18].
Many in vitro studies demonstrated that up-regulation of
tumour-suppressor miRNAs resulted in a decrease of cell
metastatic potential, modulating adhesion, migration, and
invasion pathways [19–22]. However, to date very few data
are reported in human sarcomas and cell lines [23, 24]. In the
present study, microRNA libraries were built and sequenced
from two OS cell lines, MG-63(p53−/−) and 143B(p53+/+),
with different trans-endothelial migration and proliferation
rate, in the effort to identify markers involved in OS
progression. We then investigated the role of miR-93, present
in both OS cell lines, in primary OS cultures and in clinical
samples in relation to cell behaviour.

2 Materials and methods

2.1 Cell line and clinical specimens

Human osteosarcoma cell lines MG-63 (p53−/−), 143B
(p53+/+) and Saos-2 (p53−/−), mesenchymal cells and

osteoblast cells were obtained from the American Type
Culture Collection (ATCC, Manassas, VA, USA; n°
CRL-8303, n° CRL-1427 and n° HTB-85, n° CRL-1486
and n° CRL-11372 respectively). Primary OS cell lines IOR/
OS10, IOR/OS14, IOR/OS15, IOR/OS18 and IOR/MOS
were kindly provided by Dr Massimo Serra (Pharmacoge-
nomics and Pharmacogenetics ResearchUnit, Rizzoli Institute,
Bologna, Italy).

Cells were routinely cultured in humidified atmosphere
(5% CO2) using D-MEM medium 10% FBS. Twenty-three
primary classic OS samples, 11 paired normal tissues and 10
OS lung metastases were referred to the Rizzoli Orthopaedic
Institute. Fresh non-necrotic tissue (≥90% viable tumour cells)
was used and diagnosis based on hematoxylin-eosin stained
samples according to histopathological criteria.

2.2 FATIMA system for cell migration detection

Cell migration assay was performed as previously described
[25]. Cell transmigration kinetic was determined on
standard procedure-extracted HUVEC (Human Umbilical
Vein Endothelial Cells) previously cultured in M199
Endothelial medium (Cambrex—Rockland, USA) and
20% FBS on 1% gelatine layer (37°C, 5% CO2 humidified
atmosphere) by fluorescence plate reader (595 nm, Tecan
Spectra Fluor Instrument) at different times.

2.3 Small-RNA library construction

RNA was extracted from MG-63 and 143B osteosarcoma
cell lines by Trizol® total RNA isolation reagent (Gibco
BRL, Life Technologies, Gaitherburg, MD, USA) according
to the manufacturer’s instructions. The two libraries
were constructed as previously described by Elbashir et
al. [26].

2.4 Sequencing of small-RNA cDNA libraries

Random selected colonies were picked up from ampicillin/
kanamicin plate and resuspended in 20 μl of water. Cells
were lysed by heating in PCR machine (Gen Amp® PCR
System 2700—Applied Biosystem), and DNA was ampli-
fied using the following program 95°C/5′, (95°C/30″, 61°C/
30″, 72°C/1′) ×30, 72°C/7′, 16°C/∞, Go Taq Polimerase
(Promega) and the primers fwd GTT TTC CCA GTC ACG
ACG TTG TA and rev CAC AGG AAA CAG CTA TGA
CC. The longest amplification products were purified by
using Qiaquick Gel Extraction Kit (Qiagen GmbH, Hilden-
Germany) and sequenced by DTCS Quick Start Master Mix
of Genome Lab Dye Terminator Cycle Sequencing Kit
(Beckmann). Termocycling was performed in Gen Amp®
PCR System 2700 machine following the program (96°C/
20″, 50°C/20″, 60°C/4′) ×30, 16°C/∞. Final products were
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purified with standard procedure and analyzed in Beckman
Coulter CEQTM 2000 DNA Analysis System.

Each sequence identified by Chromas Lite Software was
analyzed using megablast software (http://blast.ncbi.nlm.nih.
gov/Blast.cgi). After vector and adapter sequence masking
and redundancy removing, 20–23 base inserts were
compared with the miRNA registry (http://microrna.
sanger.ac.uk/sequences) and mapped into human genome
by using BLAST human genome (http://www.ncbi.nlm.
nih.gov/genome/seq/HsBlast.html).

2.5 Cloning and transfection of the osteosarcoma cells

miR-93 was inserted in pCDBGW-miR vector by using
gateway system. In brief, two complementary strands of 60
nt containing miR-93 were annealed for 4′ at 95°C then
ligated overnight in a pENTRY vector. After checking the
transformation in DH5α subcloning cells and ligation with
PvuII (Promega Corporation, Madison, WI, USA) and
BsrgI (New England Biolabs) enzymes, a clonase reaction
was performed (LR Clonase—Invitrogen). Final ligation in
pCDBGW-miR was tested withMscI restriction enzyme (New
England Biolabs). miR-93 vector was transfected in MG-63
wild-type (wt), together with a vector containing G418
resistance in the ratio of 5:1, by using Metafectene reagent
(Biontex, Munchen—Germany) and following the manufac-
turer’s protocol. For insertion in 143B wild-type (wt) cells,
pCDBGWmiR-93 retrovirus was prepared by using CaPO4

and HEPES solution following standard procedures and then
infection was performed after transfection of a plasmid
containing ecotropic receptor. After 2 days, green colonies
were picked, cultured and subsequently dispensed in a 96
multi-plate (one cell every three wells) to obtain single cell
clones (143Bcl4A, 143Bcl4B, MG-63clB and MG-63clDB).
Cells infected with empty vector were used as control.

2.6 miR-93 expression analysis

Reverse transcription and RT-Real Time PCR were carried
out following TaqMan MicroRNA Assay Protocol (Applied
Biosystems, Foster City, CA) and miR-93 expression was
quantified using 2-ΔΔCT comparative method (Applied
Biosystems, User Bulletin N°2, P/N 4303859) and normalized
using RNU6B and RNU44 as endogenous reference (TaqMan
miRNA assay n° 001093 and n° 4373384 respectively—PE
Applied Biosystems, Foster City, CA). cDNAs from mesen-
chymal stem cells (MSC) and osteoblasts were used as relative
calibrators for OS cell lines and clinical samples. miRNAwas
considered more expressed where the value of light emission
calculated by the method 2-ΔΔCT was higher than the value
1.5 SD or less expressed in all those cases in which the value
was below 0.5 SD. miRNA average values were obtained
from replicates applying the 2-ΔΔCT method.

2.7 mRNA expression analysis of target genes

Reverse transcription of mRNA was carried out in 100 μl
final volume from 400 ng total RNA using High Capacity
cDNA Archive Kit (Applied Biosystems, Foster City, CA)
according to manufacturer’s instructions.

Quantitative RT-PCR was performed using ABI 7900
sequence detection system (Applied Biosystems, Foster
City, CA). Expression of target genes ANK2, E2F1 and
LATS2 was quantified using TaqMan Expression Assays
(Hs00153998_m1, Hs00153451_m1 and Hs00324396_m1
respectively; Applied Biosystems, Foster City, CA) according
to manufacturer’s protocol. For calculation of gene expression
we used the 2-ΔΔCT comparative method. Expression of
target genes was normalized to a housekeeping ACTB
(Hs99999903_m1 gene; TaqMan Expression Assays-
Applied Biosystems, Foster City, CA) and osteoblasts were
used as calibrator.

2.8 Immunoblot analysis

According to standard procedures, protein extracts were
prepared by mincing and homogenizing fresh samples in
extraction buffer (50 mM Tris-HCl at pH 8, 150 mM NaCl,
1 mM DTT, 50 mM NaF, 0.5% sodium deoxycholate, 0.1%
SDS, 1% NP-40, 0.1 mM PMFS, 1 mg/ml aprotinin, 1 mg/
ml leupeptin, 5 mM pepstatin, 0.1 mM NA3VO4, 1 mM
microcystin). 50 microgram of protein extracts were
analyzed by 10% SDS-PAGE and Western Blot (WB) was
performed by using anti-E2F1 (Santa Cruz Biothech, CA,
USA), dil 1:500. The signal was visualized by Supersignal
West Pico Chemiluminiscent Substrate (Pierce, Rockford,
IL, USA) and quantified by using GS-670 imaging
densitometer (BioRad, Hercules, CA, USA). HELA lysate
was used as control.

2.9 Proliferation assay

The proliferation assay was performed in a 96-well format
using CellTitre 96 One Solution Cell Proliferation Assay
(Promega Corporation, Madison, WI, USA). In an individual
experiment, proliferation under each condition (0%, 0.1%,
1%, 10% FBS) was studied in duplicate and the whole
experiment was repeated at least three times.

2.10 Wound healing assay

2.0×104 143B cells and 2.5×104 MG-63 cells were seeded
in Ibidi Culture Insert in DMEM with 1% of FBS. The plate
was incubated overnight at 37°C in humidified atmosphere
(5% of CO2). The following day the support was removed,
cells were washed with PBS 1× and new DMEM with 1%
of FBS was added. To investigate cell migration, the plate
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was photographed at 0, 8, 24 h with 10× enlargement. The
experiment was performed at least three times.

2.11 Migration assay

Cell migration assay was carried out using Transwell
Permeable Supports (Corning Incorporated, Corning, NY,
USA). Human osteosarcoma cell lines (MG-63 wt, MG-
63clB, MG-63clDB, 143B wt, 143Bcl4A, 143Bcl4B) were
carefully transferred on the top chamber of each transwell
apparatus at a density of 1,000,000 cells/ml (100 μl per
chamber). Cells were allowed to migrate for 24 h at 37°C.
Cells that had penetrated to the bottom of the membrane
were then fixed in methanol, stained using hematoxylin,
and countered at microscope. This experiment was per-
formed three times.

2.12 Invasion assay

Cell invasion was analyzed using Cultrex 24 Well BME
Cell Invasion Assay (Trevigen, Inc, Gaithersburg, MD)
according to standard procedures. Briefly, 103 cells/100 ml
serum free media were seeded into the upper well of
transwells previously coated with Matrigel basement
extract, while 500 μl of media were added in the bottom
well. After 24 h of CO2 incubation at 37°C, non-invasive
cells on the upper surface were removed and the cells
migrated to the lower surface were fixed in 500 μl of cell
dissociation solution/Calcein-AM, incubated at 37°C in
CO2 for one hour and quantified by fluorimetric analysis
(485 nm excitation, 520 nm emission).

2.13 TUNEL assay

10−3 OS cells grown on the slides were washed and fixed
with 4% paraformaldehyde in PBS pH 7.4 for 30 min,
rinsed with PBS and permeabilized for 2 min on ice (0.1%
Triton1 X–100, 0.1% sodium citrate). For the TUNEL
technique, all reagents were from in Situ Cell Death
Detection Kit (ROCHE Diagnostic, Mannheim, Germany)
and procedures followed the manufacturer’s instructions.
For negative control, 50 μl Label solution instead of
TUNEL reaction mixture was added. Positive control was
treated by DNase I recombinant for 10 min at 15–25°C to
induce DNA strand breaks, and then 50 μl TUNEL reaction
mixture on every sample and on positive controls was
added. Samples were incubated for 60 min at 37°C in a
dark humidified atmosphere and then rinsed three times
with PBS. Finally, we added 50 μl Converter-POD on
samples incubated in a humidified chamber for 30 min at
37°C, we rinsed slides three times with PBS, we added
50 μl DAB substrate for 10 min at 15–25°C, we then
analyzed samples under light microscope.

2.14 Small interfering RNA pool and transfection

A small interfering RNA (siRNA) pool targeting E2F1 (On-
Target Plus SMART Pool, Thermo Scientific Dharmacon,
Chicago, USA) was used in 143Bcl4B cell line. For cell
growth experiment, cells were seeded in six well plates in
triplicate (200.000 cells/well) and transfected 24 h later for
5 h with specific siRNA or control (ctr) siRNA (50 nM)
using DharmaFECT (Dharmacon), according to the manu-
facturer’s protocol. At the end of transfection, fresh
medium were placed and 24 h and 48 h later OS cells
were recovered with trypsin. As above described RNA and
protein extracts were analyzed by RT-PCR and WB to
evaluate the efficiency of E2F1 target gene expression
down-regulation. The remaining cells were seeded in 96-
well flat-bottom plates at 103 cells per well and allowed to
attach overnight and proliferation assay was performed.

2.15 Statistical analysis

miRNA expression data are shown as median (m) and
25th–75th percentile for their strong non-Gaussian distri-
bution. Non-parametric two-side Wicoxon’s rank sum tests
were performed to compare miRNA expression profile in
paired samples; p values were set at <0.05.

3 Results

3.1 Transmigration and proliferation rate of OS cell lines

Cell kinetic was determined for different OS cell lines by
FATIMA assay. Differences were found in cell migration.
In particular, cells lacking p53, MG-63 and Saos-2, showed
a faster trans-endothelial migration with respect to 143B
cells expressing wild-type p53. In particular, the kinetic
behaviour of MG-63 and Saos-2 was similar, about double
per time unit in percentage of migrated cells compared to
143B (≈0.75 vs ≈0.4) (Fig. 1A, B).

On the other hand, OS cell growth rate using different
experimental conditions, i.e. different serum concentrations,
showed a direct correlation between cell proliferation and
serum concentration with a higher proliferation rate of
143B as compared with MG-63 and Saos-2 for up to 72 h at
the same conditions (Fig. 2A, B, C).

3.2 Screening of microRNA libraries

A number of miRNAs reported in the miRNA database
register were found expressed in MG-63 and 143B OS cell
lines (Table 1). Of the 19 miRNAs identified, the majority
act as tumour suppressor or oncogenes that control growth
and apoptosis. Six out of 19 were expressed in both MG-63
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and 143B (Table 1) and included miR-17-5p which
regulates cancer cell proliferation, miR-16-1 and −2 that
reside within the same cluster of miR-15 controlling anti-
apoptotic gene BCL2, miR-130a that regulates expression
of homeoboxes GAX and HOXA5, and miR-93, belonging
to the miR 17–92 family, that is recognized as an important
regulatory factor in various tumours. Other miRNAs were
present in either MG-63 or 143B such as miR-21, miR-195,
miR-106, miR-20b, miR-24 and miR-323.

A prediction of target genes for known miRNAs was
undertaken using software for miRNA targets version as
Miranda, PicTar and Target Scan 5.1. In particular, the
databases identified 968 candidate targets for miR-16a and -

16b including TMEM, SPRED1, KIFB, PLAG1, CCNE1
and BCL2L2. In addition, the most important candidate
targets were ATXN1, PFN2, MAP3K2 and MYT1L for
miR-17-5p, MI-ERI, MYBL1 and CFL2 genes for miR-130
and LATS2, E2F1, ANK2, ZNFX1, ARID4B, HLF for
miR-93.

3.3 miR-93 expression levels in different sarcoma cell lines
and clinical specimens

Seeing its importance in different tumour types, we investi-
gated miR-93 expression in sarcoma cell lines usingMSC and
osteoblasts as calibrators. RT- PCR data showed that 143B

Fig. 1 Trans-endothelial migration of three OS cell lines. A Kinetics shows a higher migration through the endothelium layer ofMG-63 and Saos-2
cells with respect to 143B. B Regression analysis. The data shown are mean values of at least three independent experiments

Fig. 2 Growth kinetics of MG-63 and 143B in different serum conditions. A 0–72 h, 1% serum. B 0–24 h, 1% serum; 24–72 h, 10% serum. C 0–
72 h, 10% serum. The data shown are mean values of at least three independent experiments
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cells had respectively a 20- and 40-fold higher miR-93
expression (2-ΔΔCT=21.48±0.90 and 38.05±0.90) when
compared with MSC and osteoblasts as reference cells. In
MG-63 and SAOS-2, miR-93 levels ranged within normal
values, similar to osteoblasts when MSC was taken as
calibrator (Fig. 3A). Furthermore, all primary human OS cell
lines, specifically IOR/OS14 and IOR/OS15, had higher
levels of miR-93 compared to normal human osteoblasts
(Fig. 3A).

To validate these results we performed RT- PCR in 23
primary OS samples, ten lung metastases and 11 paired
normal tissues. Median values were 2.69 (25th–75th=0.86–
4.15), 6.61 (25th–75th=3.12–23.14) and 1.98 (25th–75th=
0.60–4.01) respectively, and Wilcoxon’s analysis showed a
statistically significant miR-93 expression increase in metas-
tases as compared with primary lesions (p=0.016) (Fig. 3B),
while non-significant differences were seen between primary
tumours and paired normal tissue.

Table 1 microRNA expressed
in MG-63 and 143B osteosar-
coma cell lines

X = detection of miRNA
expression

mRNA Sequence Size Localization MG-63 143B

miR-16-1 UAGCAGCACGUAAAUAUUGGCG 22 nt 13q142 x x

miR-16-2 UAGCAGCACGUAAAUAUUGGCG 22 nt 3q25.33 x x

miR-17-5p CAAAGUGCUUACAGUGCAGGUAG 23 nt 13q31.3 x x

miR-20a UAAAGUGCUUAUAGUGCAGGUAG 23 nt 13q31.3 x

miR-20b CAAAGUGCUCAUAGUGCAGGUAG 22 nt Xq26.3 x

miR-21 UAGCUUAUCAGACUGAUGUUGA 22 nt 17q23.2 x

miR-24-1 UGGCUCAGUUCAGCAGGAACAG 22 nt 19p13.12 x

miR-24-2 UGGCUCAGUUCAGCAGGAACAG 22 nt 19p13.12 x

miR-93 CAAAGUGCUGUUCGUGCAGGUAG 23 nt 7q22.1 x x

miR-103 AGCAGCAUUGUACAGGGCUAUGA 23 nt 20p13 x

miR-106a AAAAGUGCUUACAGUGCAGGUAG 23 nt Xq26.2 x

miR-106b UAAAGUGCUTGACAGUGCAGAU 21 nt 7q22.1 x

miR-107 AGCAGCAUUGUACAGGGCUAUCA 23 nt 10q23.31 x

miR-130a CAGUGCAAUGUUAAAAGGGCAU 22 nt 11q12.1 x x

miR-130b CAGUGCAAUGAUGAAAGGGCAU 22 nt 22q11.21 x x

miR-139 UCUACAGUGCACGUGUCUCCAG 22 nt 11q13.4 x

miR-195 UAGCAGCACAGAAAUAUUGGC 21 nt 17p13.1 x

miR-210 CUGUGCGUGUGACAGCGGCUGA 22 nt 11p15.5 x

miR-323 CACAUUACACGGUCGACCUCU 21 nt 14q32.31 x

Fig. 3 A miR-93 expression in OS cell lines and osteoblasts using
MSC as relative calibrator. miRNA average values obtained from
replicates applying the 2-ΔΔCT method. B Non-Gaussian distribution of

miR-93 in OS clinical samples using MSC as relative calibrator. In
metastasis specimens miR-93 median values were significantly higher
than in primary tumours (Wilcoxon’s text) *p<0.05
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3.4 miR-93 Target genes expression

mRNA expression of ANK2, E2F1 and LATS2 putative
target genes was performed on miR-93 transfected cell
clones of both 143B and MG-63 according to 2-ΔΔCT

comparative method.
The analysis revealed that the E2F1 gene mRNA

expression increased in MG-63 and 143B clones (Table 2),
the latter showing an evident increase also at protein level
as compared to wild-type cell line (Fig. 4).

3.5 Influence of miR-93 on OS cell proliferation, migration
and invasive behaviour

Effects of miR-93 on OS cell growth, migration and
invasiveness were then tested on infected/transfected cell
clones of both 143B and MG-63.

RT-PCR analysis assessed significantly increased miR-
93 expression levels in transfected clones when compared
with controls (Fig. 5A, B).

miR-93 ectopic expression of significantly increased cell
proliferation in 143Bcl4A and 143Bcl4B clones up to 72 h,
only slightly affected cell growth of MG-63 clones
(Fig. 6A, B).

The wound healing assay performed using serum content
restrictions (1%) revealed that ectopic expression of miR-93
induced migration decrease in 143B and MG-63 clones when
compared with wild-type and empty vector transfected cells
used as controls (Fig. 7A, B). However, migration through
polycarbonate membrane and invasion through Matrigel
basement membrane showed that miR-93 overexpression
reduced 143B cell motility, but significantly increased cell
invasiveness in 143B clones 4A and 4B (p=0.01 and p=0.04
respectively), without significantly affecting the ability of
MG-63 clones to migrate and invade through either
membranes (Fig. 8A, B).

3.6 Apoptosis

After miR-93 transfection, 143B clones markedly decreased
apoptotic cell fraction measured by TUNEL assay that detects

DNA strand breakages in apoptotic cells. No significant
variations were seen in MG-63 clones when compared with
non-transfected cells (Fig. 9A, B).

3.7 E2F1 siRNA affects 143B cell proliferation

To confirm involvement of E2F1 in the proliferative response
of 143Bcl4B to miR-93 overexpression we used siRNA
approach to down-regulate E2F1expression. Transfection of
siRNA targeting E2F1 markedly reduced its mRNA and
protein levels, with a concomitant significant decrease of cell
proliferation after 24 h and 48 h from the end of transfection
(Fig. 10A, B, C). A slight invasivity decrease (−10%) was
also seen. E2F1 expression and proliferative rate were not
affected by control siRNA.

4 Discussion

miRNA deregulation has been identified in a variety of
cancers, where changes in specific miRNA expression may
contribute to tumour growth, progression, metastasis, and
drug resistance [27]. Deregulation of miRNAs occurs
frequently during tumorigenesis [28], making them attrac-
tive candidates for molecular detection of malignancy. To
date very few studies have been carried out on OS samples
and cell lines showing different miRNA expression related
to metastatic potential and/or genetic background [29].

Table 2 mRNA expression of
miR-93 target genes in MG-63
and 143B

Calibrator: osteoblasts; house-
keeping gene: ACTB

ANK2 (2-ΔΔCT±SD) E2F1 (2-ΔΔCT±SD) LATS2 (2-ΔΔCT±SD)

MG-63 wt 0.41±1.01 0.32±0.94 0.94±0.20

MG-63 clB 0.16±0.0 3.24±0.55 0.10±0.34

MG-63 clDB 0.80±0.11 0.10±0.0 0.30±0.11

143B wt 0.87±0.30 0.93±0.30 0.17±0.30

143B cl4A 0.99±0.16 2.14±0.26 0.32±0.22

143B cl4B 0.43±0.36 2.52±1.42 0.18±0.01

Fig. 4 E2F1 protein expression in MG-63wt, MG-63clB, MG-
63clDB and in 143B wt, 143cl4A, 143Bcl4B by Western blotting.
143B clones transfected with miR-93 show a more intense migrating
band when compared to wild-type cells. Control loading is shown by
actin. HELA lysate was used as control
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In particular, miR-34 and miR-140 affecting target gene
expression in a p53 dependent manner induced chemo-
sensitivity in wt-p53 human OS [24, 30].

A very recent study on sarcoma cell lines by Gougelet et
al. [31] identified specific miRNAs as discriminating of
drug-response using microfluidic PCR technology on
TLDA platform preloaded with dehydrated specific primers
and probes. In 7 OS samples, using miRNA microarray
technology Maire et al. [32] found 38 miRNAs differen-
tially expressed as compared with human osteoblasts.

With a different approach, we identified microRNAs
related to a different proliferation and migration behavior
by preparing microRNA libraries from OS cell lines which
differ in p53 phenotype and in cell growth and migration
rate by transwell assay with HUVEC layer. Specifically,
MG-63 (p53−/−) and Saos-2 (p53−/−) showed similar
transmigration kinetics per time unit, whereas 143B (p53+/+)
migrated at about half speed. On the other hand, when
proliferation rate was assessed data showed that cell growth
of 143B was higher than MG-63 and Saos-2 in all
experimental serum conditions. Sequencing analysis identi-

fied 19 miRNA, of which 6 were present in both MG-63 and
143B cell lines. Gao et al. [33] identified 25 microRNAs in
SOPS-67 osteosarcoma cells. In both studies the same
identification methods were used, and the discrepancy of
data (19 versus 25) could be due to the loss of less expressed
microRNAs during purification processes before cloning
reaction.

MiR-21 and miR-106b, considered as the major micro-
RNAs overexpressed in cancers, were expressed in MG-63
but not in 143B. Recent studies showed overexpression of
miR-21 in OS tissues and confirmed that miR-21 controls
cell adhesion and migration, but not proliferation, through
repression of tumour suppressor proteins such as TIMP1,
MARCK5 PTEN [34, 35]. Thus, the role of miR-21
appears in conflict with miR-143 that was found to reduce
OS viability and metastasis by affecting Bcl2 and matrix
metalloproteinases-13 expression [29, 36].

All miRNAs found in the study appear related to cancer
development. miR-106b that belongs to the cluster miR-106b-
25, is necessary for cell proliferation and anchorage-
independent growth [37], miR-17-5p has been characterized

Fig. 5 Increased expression
levels of miR-93 in tumour cell
clones. A MG-63 clones (clB,
clDB); B 143B clones (cl4A,
cl4B). In both experiments wild-
type (wt) cell lines were used as
control. The data shown are
mean values of at least three
independent experiments

Fig. 6 Cell growth up 72 h of A
MG-63 and B 143B wild-type
cells and miR-93 transfected
clones. Cells infected with
empty vector were used as con-
trol (ctr). The data are expressed
as mean ± SD of three indepen-
dent experiments. * p<0.05
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as microRNA associated to different cancer types [38], while
miR-130a seems to regulate molecule expression inhibiting
angiogenesis in vascular endothelial cells [39] and has been
found down-regulated in ovarian cancer cell lines resistant to
chemotherapy [40]. miR-16-1 and −2 and miR-15 belong to
a cluster where deletion or down-regulation appear to be

associated with poor prognosis in chronic lymphocytic
leukemia [41].

Many expressed miRNAs are “oncomirs” belonging
to the 106b-25 microRNA cluster, a polycistronic
miRNA highly conserved in all vertebrates, implicated
in normal development of the heart, lungs, and immune

Fig. 7 Wound healing assays of A clB and clDB MG-63 clones and B cl4A and cl4B 143B clones overexpressing miR-93 in comparison with the
corresponding wild-type cell lines and controls (ctr)
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system and recently found to be highly deregulated in
some tumour types [42, 43]. Our attention was fixed on
miR-93, recently described as an important molecule
during stem cell differentiation [44], involved in different
cancer types [45–47], but not yet investigated in sarcoma
cells.

RT-PCR specific analysis of miR-93 in the three OS cells
showed that MG-63 and Saos-2 cells had miRNA expres-
sion similar to that found in osteoblasts when mesenchymal
cells were considered as calibrators, whereas a higher
expression of miR-93 was detected in 143B, which also
showed a higher growth rate. In addition, we assessed miR-
93 levels in primary cultures of human OS, and found

higher expression levels as compared to osteoblasts. On the
basis of these findings, the role of miR-93 in OS cell
behaviour was further investigated. In this context, MG-63
and 143B cell lines were transfected/infected by a plasmid
containing this miRNA. Two independent cell clones from
each OS cell line were obtained with miR-93 expression
higher than in wild-type cells, but responding in a different
manner to microRNA expression. 143B clones that express
p53 oncosuppressor genes increase cell proliferation and
viability following miR-93 overexpression more than MG-
63, which lack functional p53.

Although there is evidence that hundreds of targets are
predicted for each miRNA, recent observations in gastric

Fig. 9 Cell death of A MG-63 and B 143B and transfected clones measured by TUNEL assay that detects DNA strand breakages in apoptotic
cells. Ectopic expression of miR-93 reduced the apoptotic cell fraction in 143B clones, without affecting MG-63

Fig. 8 A The migration assay
through polycarbonate mem-
branes in wild-type OS cells and
miR-93 transfected clones. B
Invasion assay through a mem-
brane coated with Matrigel
basement extract. The data
shown are mean values ± SD of
three independent experiments.
**p<0.01, ***p<0.001
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carcinoma showed that miR-93 cooperate to inhibit p21
post-transcriptional expression through E2F1 regulation,
also impairing the TGFb tumour suppressor pathway [45].
It is well known that p21, an inhibitor of cyclin-dependent
kinases and proliferating-cell nuclear antigen, is under the
transcriptional control of p53 suggesting that p21 might
promote p53-dependent cell cycle arrest or apoptosis [48].
Moreover, a recent study demonstrated that knockdown of
miR-93 and miR-130b increased p53expression, consistent
with the increase of apoptotic rate [46]. Interestingly, we
found induction of E2F1 expression following ectopic
expression of miR-93 and demonstrated that silencing
E2F1 by siRNA significantly decreased cell proliferation
as compared to control siRNA transfected cells. Although
further studies are needed, these observations suggest an
involvement of miR-93 in E2F1 regulation and cell cycle
control of osteosarcoma cells.

On the other hand, the role of miR-93 in cell invasion
and motility is unclear. Although ectopic miR-93 expres-
sion resulted in a slower cell migration through polycar-
bonate membrane, an increase in cell invasiveness was seen
in 143B clones when Matrigel basement coated membrane

was used. The observation that in OS metastasis specimens
levels of miR-93 were significantly higher than in paired
primary tumours might highlight the ability of miR-93 to
confer a highly malignant, metastatic phenotype. In
conclusion, we demonstrated differences in miRNA profil-
ing of OS cell lines related to a different proliferation and
migration behaviour suggesting that up-regulation of miR-
93 might be involved in E2F1 transcription factor regula-
tion of p53-positive cells.

Ongoing studies directly addressing the actual targets
for miR-93 cluster will be of interest to clarify mechanisms
involved in this phenomenon and to better understand
how this alteration might contribute to development
osteosarcoma.
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Fig. 10 Transfection effect of E2F1 siRNA in 143Bcl4B cells
incubated for 5 h with siRNA targeting E2F1 or ctr siRNA. A RT-
PCR analysis of E2F1. 400 ng total RNAwere analyzed 24 h and 48 h
from the end of transfection. Osteoblasts were used as calibrator. B
Western blot analysis of E2F1. 50 microgram of protein extracts were

analyzed 48 h later from the end of transfection. Control loading is
shown by actin. HELA lysate was used as control. C Cell growth
inhibition after transfection with E2F1 siRNA and control (ctr)
siRNA. Each value indicates the average of three independent
experiments. **p<0.01
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