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Abstract
Purpose Highly aggressive adult soft tissue sarcomas (STS), i.e.,
leiomyosarcomas (LMS) and undifferentiated pleomorphic sarco-
mas (UPS), present complex genomic anomalies and overall 5-
year survival rates of 20 to 40%. Here, we aimed to identify new
biomarkers that may be employed to improve the treatment of
non-translocation STS patients. We validated 12 miRNAs impli-
cated in tumor development using primary STS samples and
selected miR-152 for further analysis in STS-derived cell lines.
Methods 59 primary STS samples (27 LMS and 32 UPS) and
10 matched normal control tissues were included in the study,
as well as 3 STS-derived cell lines (HT1080, SW872 and
SKLMS1) and a normal control mesenchymal cell line
(hMSC). miRNA expression analyses were performed using a
TaqMan microRNA Array platform and qRT-PCR (miR-152),
respectively. The expression levels of the putative miR-152
targets MET and KIT were assessed using qRT-PCR and im-
munohistochemistry on tissue microarrays, respectively. In ad-
dition, various functional analyses were performed before and
after miR-152 transfection into SKLMS1 cells.
Results We found that 12 pre-selected miRNAs were down-
regulated in primary STS tumor samples compared to its nor-
mal control samples. A statistically significant miR-152
down-regulation was found to be accompanied by high
MET and KIT mRNA levels in both the primary samples

and the STS-derived cell lines tested. miR-152 transfection
in SKLMS1 cells led to a reduction in KIT and MET mRNA
and protein levels which, in turn, was associated with a tran-
sient down-regulation of the PI3K/AKT pathway, a transient
decrease in cell growth, and a transient increase in both apo-
ptotic and S-phase cells.
Conclusions Our data indicate that over-expression of MET
and KIT in primary STS samples and its derived cell lines is
associated with miR-152 down-regulation. This shift may
play a role in STS development and, thus, may be used to
identify patients at risk. The effect of MET down-regulation
on downstream signaling pathways, such as the PI3K/AKT
pathway, may provide a basis for the future design of novel
STS treatment strategies.
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1 Introduction

Malignant soft tissue sarcomas (STS) represent a heterogeneous
group of mesenchymal tumors that comprise 1% of all adult
cancers. The biological and pathological knowledge of these
tumors is still incomplete. Around 50% of the STS patients
have a life expectancy of less than 5 years [1], and the delinea-
tion of the metastatic potential of the tumors is primarily based
on histopathologic parameters, including tumor grade, size and
depth of local tissue infiltration. Leiomyosarcomas (LMS) ex-
hibit several features of the smooth muscle lineage, including
positive immunostaining for vimentin, pan-muscle actin,
smooth muscle actin, desmin and h-caldesmon [2, 3]. The over-
all incidence of LMS increases with age (median age seventy
years). Undifferentiated pleomorphic sarcoma (UPS) is charac-
terized by the occurrence of spindle-shaped tumor cells that
exhibit a diffuse pleomorphism [4], a fibroblastic or
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myofibroblastic appearance [5, 6] and vimentin positivity. UPS
tumors tend to occur in the extremities and are mostly diag-
nosed late in adult life. Genetic studies have revealed similar
recurrent DNA alterations in UPS and LMS tumors, including
TP53 mutations, RB1 deletions and MDM2 and CDK4 ampli-
fications [7–9]. The high aggressiveness of both histotypes and
their notorious resistance to chemotherapy are considered re-
sponsible for their dismal 5-year overall survival rates, which
range from 20 to 40%. Thus, amore profound knowledge of the
mechanisms underlying these pathobiological features may be
employed to improve the clinical management of these high-
risk patients.

In a recent study a set of 67 genes was identified that can be
used to predict metastasis in non-translocation STS cases [10].
It was found that the expression of these genes correlated with
genome complexity and a poor prognosis. microRNAs
(miRNAs) are non-coding RNAs that are involved in post-
transcriptional gene expression regulation. As such, they
may control important physiological processes such as cellular
development, differentiation and signaling [11–14].
Anomalous miRNA expression has been found to be strongly
correlated with malignancy [15] and in case of STS a strong
association has been reported between miRNA expression, pa-
tient age and prognosis [16]. Previously, we identified 20 sig-
nificantly deregulated miRNAs in both LMS and UPS [9].
Here, we aimed at identifying activated pathways that may be
employed for differential STS diagnosis and treatment. We val-
idated 12 cancer-related miRNAs and found that miR-152 was
significantly down-regulated in non-translocation primary STS
tumor samples (UPS and LMS) and STS-derived cell lines
compared to controls. In addition, we show that ectopic miR-
152 expression may reduce STS growth through down-
regulation of its targets MET and KIT and, indirectly, through
deregulation of the PI3K/AKT signaling pathway.

2 Materials and methods

2.1 Tumor specimens and cell lines

59 primary high-grade STS tumor samples (27 LMS and 32
UPS) were referred to the Rizzoli Orthopaedic Institute. Fresh
and paraffin-embedded non necrotic tissues (≥ 90% viable
tumor cells) were used and their diagnosis was established
based on hematoxylin-eosin stained samples according to his-
topathological criteria. In Table 1 various clinicopathological
data are listed, i.e., 32 males and 27 females with a mean age
of 63 years; 33 patients developed metastases during a mini-
mum follow-up period of 4 years. Ten non-oncologic tissues
were also included as controls. All samples were treated in
accordance with the authorizations issued by the Ethical
Committee of the Rizzoli Orthopedic Institute and informed
consent was obtained from all patients.

The human fibrosarcoma (HT1080), liposarcoma
(SW872), leiomyosarcoma (SKLMS1) and normal mesen-
chymal (hMSC)-derived cell lines were obtained from the
American Type Culture Collection (ATCC, Manassas, VA,
USA; no. CCL-121™, HTB-92™, HTB-88™ and CRL-
1486™, respectively) and they were routinely cultured in
IMDM medium supplemented with 10% FBS, L-glutamine
(2 mM), 100 U/ml penicillin and 100 μg/ml streptomycin
(Invitrogen) at 37°C in a 5% CO2 humidified incubator.

2.2 RNA extraction

Total RNAwas extracted from 59 STS specimens, 10 normal
tissues, 3 STS-derived cell lines and a normal mesenchymal
cell line using TRIzol Reagent (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s protocol and stored at
−80°C in RNAsecure reagent (Ambion, Inc., Austin, TX,
USA) until use. The concentrations of the total RNAs were
measured using a spectrophotometer, and their purity and
quality were checked through denatured gel electrophoresis.

2.3 miRNA expression analysis in primary STS samples

Single stranded cDNAwas generated from total RNA by re-
verse transcription using an Applied Biosystems TaqMan
MicroRNA Multi Reverse Transcription Human RT Primer
pool (cod. 4384791) following the manufacturer’s protocol.
PCR pre-amplification of cDNA was performed using a
TaqMan® PreAmp Master Mix Kit (Applied Biosystems,
Life Technologies, CA, USA; cod. 4384267) on an
Applied Biosystems 7900 Real-Time PCR system. The sam-
ples were incubated at 50°C for 2 min and at 94.5°C for
10 min, followed by 40 cycles of 97°C for 30 sec. and
59.7°C for 1 min. Next, miRNA expression levels were ana-
lyzed using an Applied Biosystems TaqMan® Custom
MicroRNA Array (Applied Biosystems, Life Technologies,
CA, USA; cod. 4449137), containing 12 selected (miRBase)
miRNAs (miR-137, miR-21.5p, miR-100.5p, miR-409.5p,
miR-152, miR-376a.3p, miR-487a, miR-1305, miR-212.3p,
miR-892b, miR-223.3p, miR-138.5p.) and 2 small nucleolar
RNAs (RNU44 and RNU48) as endogenous controls for data
normalization. The array analyses were carried out according
to the manufacturer’s protocol. Arrays were run in duplicate
for each sample to allow technical variability assessment, and
relative quantifications were carried out using the 2-ΔΔCT

method (Applied Biosystems, User Bulletin No. 2, P/N
4303859). Raw miRNA array data were analyzed using the
SDS 2.3 software tool (Applied Biosystems). miRNA expres-
sion levels were normalized to the RNU44 and RNU48 me-
dian values, and the median ΔCT of normal tissues was used
as calibrator. The ΔCT values were subjected to a Mann-
Whitney test and corrected by false discovery rate (FDR) for
multiple testing.
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Table 1 Clinicopathological features of STS patients

Age Gender Site Histotype M/NM Evaluation of target expression

45 F thigh LMS NM x

61 F thigh LMS NM x

71 M Tibia LMS M x

55 F thigh LMS NM x

64 M leg LMS NM x

53 F thigh LMS M x

52 M thigh LMS M x

43 M thigh LMS M x

66 M leg LMS M x

73 M leg LMS M x

60 M forearm LMS M x

76 F thigh LMS M x

65 M ankle LMS M x

74 F thigh LMS M x

82 M arm LMS M x

64 F arm LMS M x

71 M thigh LMS M

49 M shoulder LMS M x

76 F thigh LMS M

34 M thigh LMS M

63 M gluteus LMS M

56 F leg LMS NM

74 M thigh LMS NM

42 F thigh LMS NM

79 F thigh LMS NM

43 F thigh LMS NM

65 M leg LMS M

82 M thigh UPS M x

64 M thigh UPS M x

34 F thigh UPS M x

82 M arm UPS M x

54 M Pelvic girdle UPS NM x

46 M spine UPS NM x

62 F thigh UPS M x

88 F leg UPS NM x

72 M thigh UPS M x

52 M Paravertebra UPS M x

79 F leg UPS M

34 F arm UPS NM x

55 M shoulder UPS NM x

61 M thigh UPS M x

57 F thigh UPS NM x

71 M forearm UPS M x

86 F leg UPS M x

82 M leg UPS M x

76 M thigh UPS NM x

43 M leg UPS NM x

66 F thigh UPS M x

50 M leg UPS NM x
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2.4 miRNA expression analysis in STS-derived cell lines

miR-152-specific reverse transcription and RT-PCR (TaqMan
miRNA assay no. 000475; Applied Biosystems, Life
Technologies, CA, USA) were carried out on RNA extracted
from HT1080, SW872, SKLMS1and hMSC cells following
the TaqMan MicroRNA Assay Protocol. Next, miR-152 ex-
pression levels were quantified using the 2-ΔΔCT method with
hMSC as calibrator, and the data were normalized to the en-
dogenous reference RNU44 according to the Applied
Biosystems protocol (TaqMan miRNA assay no. 4373384).

2.5 MET and KIT mRNA expression analysis in primary
patient samples

The mRNA levels of the miR-152 targets MET and KIT were
determined in 38 STS tumor samples and 10 normal tissues
using the TaqMan Reverse Transcription Protocol (Applied
Biosystems). Quantitative RT-PCR (qRT-PCR) was performed
on an ABI7900 sequence detection system (Applied
Biosystems). The MET and KIT expression levels were quanti-
fied using TaqMan Expression Assays (Hs01565584_m1 and
Hs00174029_m1, respectively) according to the manufacturer’s
protocol (Applied Biosystems). The MET and KIT expression
levels were calculated using the 2-ΔΔCT method and normalized
to that of the housekeeping gene ACTB (Hs99999903_m1;
TaqMan Expression Assays; Applied Biosystems). A pool of
normal lymphocytes was used as calibrator.

2.6 Tissue microarray construction
and immunohistochemistry

The MET and KIT protein expression patterns were evaluated
by immunohistochemistry (IHC) on a tissue microarray (TMA)
containing the 59 STS samples (see above) in duplicate for each
patient. In order to select representative areas for TMA con-
struction using a TMA Master system (3D Histech Ltd.,

Budapest, Hungary), hematoxylin and eosin (H&E)-stained
slides were reviewed by a pathologist (P.P.). After antigen re-
trieval and blocking with a ready-to-use Universal Block mix-
ture (catalog no. 71–00-61; KPL, Gaithersburg, MD, USA) for
20 min. at room temperature, TMAs were incubated at 4°C
overnight with rabbit polyclonal anti-MET antibody C-28
(Cat. # sc-161, 1:300; Santa Cruz Biotechnology, Santa Cruz,
CA, USA) and rabbit monoclonal anti-KIT antibody D13A2
(1:50; Cell Signaling Technology, Danvers, MA, USA). As a
negative control the antibodies were omitted during the primary
incubations. Finally, IHC staining was performed using Dako
LSAB + System-HRP followed by treatment with 3,3-diami-
nobenzidine (DAB) as chromogen (Dako, Milan, Italy). The
TMAs were counterstained with Meyer’s hematoxylin.

According to the percentage of positive tumor cells, the sam-
ples were scored as 1 (< 50% positive cells) or 2 (≥ 50% positive
cells). Staining intensities were scored as 0 (no visual staining), 1
(weak staining), 2 (moderate staining) or 3 (strong staining). The
cut-off levels for the sum of the scores were applied as follows:
0–1 for negative, 2–3 for weak tomoderate positivity in <50%of
the tumor cells, and 4–5 for moderate to strong positivity in
>50% of tumor cells. The latter was considered as protein over-
expression. Non-oncologic tissues were used as controls.

2.7 Transfection of miR-152 precursor molecules

For each transfection, SKLMS1 cells were seeded at a density
of 2.5 × 105 cells/well in 6-well plates. The transfections were
performed using Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA). In each well both 50 nM miR-152 precursor
(cod. PM12269; Ambion Inc., Austin, TX, USA) and negative
control miRNA precursor (scramble) (cod. AM17110;
Ambion) molecules were transfected into the cells. The trans-
fection efficiencies were monitored after 12 h, 24 h and 48 h
by flow cytometry (FACS Calibur, BD, San Jose, CA, USA)
using Cy™3 and FAM™ dye-labeled Pre-miR Negative
Controls (cod. AM17120; Ambion) and RT-PCR according

Table 1 (continued)

Age Gender Site Histotype M/NM Evaluation of target expression

54 F leg UPS M

70 F knee UPS M

75 F leg UPS M

70 M thigh UPS M

72 F leg UPS M

76 F thigh UPS NM

54 M leg UPS NM

62 M arm UPS NM

85 F thigh UPS NM

67 F Pelvic girdle UPS NM

M = metastatic; NM = non metastatic; LMS = leiomyosarcoma; UPS = undifferentiated pleomorphic sarcoma
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to the TaqMan MicroRNA Assay Protocol (Applied
Biosystems; miR-152 assay no. 000475).

2.8 Cell growth assay

The number of adherent, viable cells was determined micro-
scopically using a Neubauer cell counting chamber. After 24 h,
48 h and 72 h of transfection, the cells were washed once in
phosphate buffered saline (PBS) and harvested by
trypsinization, after which viable cell numbers were determined
using a Trypan Blue exclusion assay. Cell viability was defined
as the percentage of cells that excluded 0.2% Trypan Blue.

2.9 Apoptosis assay

SKLMS1 cells were was transfected with miR-152 as de-
scribed above and collected after 24 h, 48 h and 72 h. Next,
the cells were washed twice in PBS, re-suspended in 0.1 ml
binding buffer (10 mMHEPES, 140 mMNaCl, 5 mMCaCl2,
pH 7.4), incubated for 20 min at room temperature with 2 μl
annexin V-FITC supplemented with 10 μl propidium iodide
(PI) (10 μg/ml) and, finally, analyzed by flow cytometry
(FACS Calibur, BD, San Jose, CA, USA) using channel 1
for annexin V-FITC staining and channel 2 for PI staining.
The experiments were repeated three times.

2.10 Cell cycle analysis

Cell cycle distributions were determined using propidium io-
dide (PI) staining in conjunction with flow cytometry. Briefly,
after 24 h, 48 h and 72 h of transfection, cells were harvested
by trypsinization and fixed with 70% ethanol. Next, the cells
were stained for total DNA content with a solution containing
20 μg/ml PI, after which the cell cycle distribution was
assessed using a FACScan flow cytometer (Becton
Dickinson, San Jose, CA, USA).

2.11 MET and KIT mRNA expression analysis
after miRNA transfection

Reverse transcription ofmRNA extracted from SKLMS1 cells
before and after miR-152 and scramble miRNA (see above)
transfection was carried out using a High Capacity cDNA
Archive kit (Applied Biosystems, Life Technologies, CA,
USA) according to the manufacturer’s instructions. qRT-
PCR was performed using an ABI 7900 sequence detection
system (Applied Biosystems) according to the manufacturer’s
protocol. The MET and KIT mRNA expression levels were
calculated by the 2-ΔΔCT method using TaqMan Expression
Assays Hs01565584_m1 and Hs00174029_m1, respec-
tively, and normalized to that of the housekeeping gene
ACTB (Hs99999903_m1; TaqMan Expression Assays,
Applied Biosystems).

2.12 Western blot analysis

According to standard procedures, 50μg protein extracts were
prepared from SKLMS1 cell lysates before transfection and
24 h after transfection and subjected to 12% SDS-PAGE.
After nitrocellulose blot transfer, the resulting membranes
were incubated with anti-MET antibody C-28 (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) (dilution 1:200), anti-
KIT antibody D13A2 (Cell Signaling Technology, Danvers,
MA, USA) (dilution 1:200), anti-PI3K antibody C73F8 (Cell
Signaling Technology) (dilution 1:1000) anti p-AKTantibody
Ser473-D9E (Cell Signaling Technology) (dilution 1:1000)
and anti-AKT antibody 11E7 (Cell Signaling Technology)
(dilution 1:1000). The resulting signals were visualized using
an Immobilon Western Chemiluminescent HRP substrate
(Millipore, Billerica, MA, USA), and quantified by densito-
metric analysis using a GS-800 imaging densitometer in con-
junction with the Quantity One software tool (Bio-Rad,
Hercules, CA, USA). A rabbit anti-Actin antibody (Sigma
Chemical Co., St. Louis, MO, USA) was used as control.

2.13 Statistical analysis

A non-parametric Mann Whitney test was used to compare
miRNA expression levels in unpaired samples. A χ2 test with
a Fisher’s exact p value was used for frequency distribution of
the variables. Cox regression univariate analysis was used to
assess the influence of immunostaining score on the develop-
ment of metastases. A Spearman’s rank coefficient (ρ) was
used for non-parametric correlations. In vitro experiments
were repeated three times and statistical differences were
assessed by Student’ t-test. All statistical analyses were per-
formed using SPSS software, with significance set at p < 0.05.

3 Results

3.1 Identification of MET as a putative STS-related
miR-125 target

Based on our previous identification of 20 deregulated
miRNAs common to LMS and UPS [9] (Supplementary
Table 1), we set out to perform a miRNA target gene analysis
using various bioinformatic tools (i.e., Targetscan Vert release
5.2, http://www.targetscan.org/, Pictar-Vert http://pictar.mdc-
berlin.de/ and PITA, http://genie.weizmann.ac.il/pubs/mir07
/index.html). Subsequently, we classified the putative target
genes by DAVID (http://www.david.niaid.nih.gov) and,
based on this, 12 miRNAs were selected (miR-137, miR-
21.5p, miR-100, miR-152, miR-1305, miR-223.3p, miR-
138.5p, miR-892b, miR409-5p, miR-376a-3p, miR-487a
and miR-212.3p) of which the target genes were
predominantly involved in oncogenesis and the regulation of

miR-152 down-regulation is associated with MET up-regulation 81

http://www.targetscan.org/,%20Pictar-Vert
http://pictar.mdc-berlin.de/
http://pictar.mdc-berlin.de/
http://genie.weizmann.ac.il/pubs/mir07/index.html
http://genie.weizmann.ac.il/pubs/mir07/index.html
http://www.david.niaid.nih.gov


argonaute (AGO) family proteins (Supplementary Table 2).
The other miRNAs were excluded because they either
presented with too few predicted target genes common to
the three databases or because the target genes did not strictly
relate to oncogenesis and/or miRNA biogenesis.

Through custom MicroRNA Array-based expression anal-
ysis (see Materials and methods) of the primary STS tumor
samples and its corresponding normal tissue samples, we
could confirm a lower expression in the STS tumor samples
of miR-100.5p, miR-152, miR-376a.3p, miR-212.3p, miR-
892b and miR-223.3p (Fig. 1), as also a minimal expression
of miR-1305, with a statistically significant difference for
miR-152 (Mann Whitney test, p = 0.028). In Table 2 all
microRNA Array data are listed. Only miR-21.5 showed
higher levels in the STS tumor samples than in the normal

tissue samples, while undetectable levels were seen for miR-
137, miR-409-5p, miR-487a and miR-138.5p.

Based on our target gene analyses (see above and
Supplementary Table 2), we selected KIT and METas putative
targets of miR-152 and, subsequently, verified their expression
by qRT-PCR. By doing so, higher mRNA levels were found in
the STS tumor samples than in the normal tissue samples (0.43
and 0.16 for KIT, p = 0.09; 6082.82 and 374.80 for MET;
p = 0.05, respectively) (Fig. 2) with a significantly negative
correlation between miR-152 and MET expression (ρ = 0.5,
p = 0.003). No significant differences between the LMS and
UPS histotypes were found, but when patients were divided
into prognostic sub-groups, theMETmRNA levels were found
to be significantly higher in metastatic than in non-metastatic
patients (Mann Whitney test, p = 0.05) (Table 3).

Fig. 1 Non-Gaussian distribution showing that miR-100 (a), miR-152
(b), miR-376a (c), miR-212.3p (d), miR-892b (e) and miR-223 (f)
mRNA values were lower in primary STS tumors than in its

corresponding normal tissues. A Mann Whitney test revealed a
statistically significant difference between the two groups for miR-152
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3.2 MET protein expression in STS tumor samples
corresponds to clinical parameters

Using immunohistochemistry (IHC), we found that the MET
protein was predominantly expressed in the cytoplasm of the
STS tumor cells (Fig. 3), with over-expression corresponding
to a uniform (> 50% positive cells) and moderate to strong

immunoreactivity (score = 4–5) in 79% of the metastatic and
25% of the non-metastatic patients (χ2 = 11.5; p = 0.001). In
the corresponding normal tissues MET was found to be
focally and weakly expressed (score = 2). Based on the
cytoplasmic intensity staining scores (1–5), univariate
Cox’s analysis revealed that the risk of metastasis in-
creased by 39.5% for each point increase in score
(95%CI = 0.985–1.977, p = 0.06). When the clinical
course of the patients exhibiting MET over-expression
(score = 4–5) was matched with those with a low score
(< 4), the 4-year disease-free survival rates were found
to be 21% and 70%, respectively (Fisher’s exact test,
p = 0.01). The KIT protein was found to be focally
expressed in the majority of the STS tumor samples
with a weak to moderate staining intensity (score = 2–
3). No or minimal expression was seen in the corre-
sponding normal tissues.

3.3 miR-152 is down-regulated in STS-derived cell lines

Next, we set out to analyze the miR-152 levels in the STS-
derived cell lines HT1080, SW872 and SKLMS1. Although
we found that all cell lines exhibited down-regulation of miR-
152 expression compared to normal hSMC cells that were
used as calibrator (Fig. 4), the SKLMS1 cells showed the
lowest expression and were, therefore, considered as the best
model for in vitro validation, representing the LMS histotype.

In order to subsequently investigate the putative role of
miR-152 in LMS cell behavior, we transfected its pre-
miRNA precursor into SKLMS1 cells. The transfection effi-
ciency was validated by flow cytometry (Supplementary
Fig. Suppl. 1a), and qRT-PCR analysis was used to confirm
an increase in the miR-152 ΔCT value in transfected
SKLMS1 cells compared to scramble (control) and non-
transfected SKLMS1 cells. The highest efficacy was observed
after 48 h (78.47%, at 24 h; 87.34% at 48 h and 76.54%
at 72 h) concordant with the highest miR-152 expression
(2^ -ΔCT of 1186 in transfected cells, 90 in scramble
transfected cells and 91 in non-transfected cells)
(Supplementary Fig. Suppl. 1b).

Table 2. Percentile distribution of miRNA expression

miRNA Percentile p-value

50th 25th 75th

miR-21.5p Tumor 0,74 1,54 4,12

normal 0,1 0,6 4,23 0.163

miR-100.5p Tumor 0,18 0,41 0,79

normal 0,56 0,8 1,47 0.183

miR-152 Tumor 0,063 0,19 0,45

normal 0,26 0,31 0,71 0.028

miR-376a Tumor 164,52 516,35 1224,57

normal 298,17 544,95 754,83 0.096

miR-1305 Tumor 0,008 0,027 0,084

normal 0,01 0,02 0,05 0.43

miR-212.3p Tumor 0,04 0,07 0,15

normal 0,01 0,19 0,25 0.46

miR-892b Tumor 0,001 0,0035 0,031

normal 0 0,008 0,01 0.17

miR-223 Tumor 0,31 1,09 2,26

normal 1,3 2,26 6,06 0.078

miR-409-5p Tumor NA

normal NA

miR-137 Tumor NA

normal NA

miR-487a Tumor NA

normal NA

miR-138.5p Tumor NA

normal NA

NA = not available

Fig. 2 Non-Gaussian distribution of KIT (a) and MET (b) mRNA expression in STS tumors and corresponding normal tissues. A Mann-Whitney test
revealed higher mRNA levels in STS tumors than in normal tissues
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3.4 miR-152 decreases MET and KIT expression
in SKLMS1 cells

After miR-152 transfection into SKLMS1 cells, the MET
and KIT mRNA expression levels were found to be dif-
ferentially down-regulated. Specifically, we found that ec-
topic miR-152 expression induced decreases in the MET
mRNA levels of 16.7% at 24 h after transfection and
11.1% at 48 h after transfection, respectively, shifting
back to control values at 72 h after transfection
(Fig. 5a). The KIT mRNA levels were found to decrease
to 47.5% at 72 h after transfection. Accordingly, Western
blot analyses revealed a reduction in MET and KIT pro-
tein expression levels 24 h and 48 h after miR-152 trans-
fection. This reduction was more pronounced for the MET
protein (Fig. 5b). Among the cellular signaling cascades
that can be affected by MET [17], we focused on the
PI3K/AKT cascade. Through Western blot analyses, we

observed reductions in the PI3K and p-AKT (phosphory-
lated at Ser 473) expression levels, with a maximum at
48 h after miR-152 transfection, and a slight increase in
the total amount of AKT protein (Fig. 5c).

3.5 miR-152 decreases proliferation and increases
apoptosis in SKLMS1 cells

By using a Neubauer cell counting chamber assay, we
found that after ectopic miR-152 expression SKLMS1
cells exhibited a significant decrease in proliferation com-
pared to non-transfected cells up to 48 h (27% at 24 h;
p = 0.05 and 41% at 48 h; p = 0.007) and to a lesser
extent at 72 h (18.7%) (Fig. 6a). Concomitantly, a gradual
increase in apoptosis was seen compared to non-
transfected cells up to 48 h (11.6% at 24 h; p = 0.08
and 39.6% at 48 h; p = 0.03), while at 72 h the apoptotic
cell percentage shifted back to control values (Fig. 6b).

3.6 miR-152 blocks the cell cycle in the S phase
in SKLMS1 cells

The effects of ectopic miR-152 expression on the cell cycle
distribution of SKLMS1 cells were assessed by propidium
iodide (PI) staining followed by flow cytometry. By doing
so, we found that miR-152 transfected SKLMS1 cells exhib-
ited increases in the percentages of S phase cells (Fig. 6c) at
24 h and 48 h after transfection compared to scramble miRNA
transfected control SKLMS1 cells (from 15.46% to 23% and
from 9% to 25.7%, respectively), while at 72 h after transfec-
tion the SKLMS1 cell cycle distribution shifted back to con-
trol values.

4 Discussion

miRNA expression deregulation has been reported in a variety
of human cancers [18, 19], and some studies have indicated
that miRNA deregulation may be employed for the diagnosis
and prognosis of human sarcomas [16, 20–22]. On the

Table 3 Percentile distribution of gene expression values

MET Percentile p-value
50th 25th 75th

Tumor 6.082,82 12,38 24.600,23

Normal 374,80 93,37 5.752,60 p = 0.09

LMS 11.307,56 12,38 26.987,43

UPS 754,82 39,39 39.187,17 p = 0.4

M 6122,15 188,70 35.474,49

NM 5.789,54 12,38 21.591,48 p = 0.07

KIT Percentile p-value
50th 25th 75th

Tumor 0.43 0.07 1.58

Normal 0.16 0.03 0.24 p = 0.09

LMS 0.10 0.02 1.37

UPS 0.52 0.08 6.06 p = 0.26

M 0.53 0.10 15.67

NM 0.07 0.02 12.33 p = 0.13

LMS = leiomyosarcoma; UPS = undifferentiated pleomorphic sarcoma;
M = metastatic; NM = non metastatic

Fig. 3 Representative
immunostaining of MET in a
primary leiomyosarcoma (a) and
an undifferentiated pleomorphic
sarcoma (b)
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basis of our previous work [9], we selected 12 cancer-related
miRNAs deregulated in non-translocation sarcomas, i.e.,
LMS and UPS, to find common markers involved in STS
development. Although TaqMan microarray-based analyses
confirmed a down-regulation of these miRNAs in STS tumors
compared to its corresponding normal tissues, this difference
remained statistically significant only for miR-152 after qRT-
PCR validation. Several factors may contribute to variations
in results obtained by microarray and qRT-PCR-based expres-
sion analyses. The increased distance between the location of
the PCR primers and the microarray probes on a given tran-
script may decrease the correlation between the two methods,
as well as other parameters such as tissue type, sample prep-
aration and platform-related deviations in data quality acqui-
sition [23].

It has been reported that mir-152 may be involved in pro-
liferation, invasion and angiogenesis, and its down-regulation
has been observed in ovarian [24], prostate [25], bladder [26],
endometrial [27, 28], pancreatic [29] and gastrointestinal

[30, 31] cancers. In contrast, in neuroblastoma cells miR-
152 has been found to be over-expressed compared to normal
mature neurons [32]. As yet, few data are available on miR-
152 in human sarcomas. A recent study indicated that plasma
and tumor tissues from osteosarcoma patients may exhibit
lower miR-152 expression levels than healthy controls, sug-
gesting that miR-152 may serve as a biomarker for early tu-
mor detection [33]. The currently known miR-152 targets in-
clude TNFRF6B, involved in hepatocarcinogenesis [34],
DNMT1, involved in endometrial cancer [28], ADAM17, a
metalloprotease, FGF2, a fibroblast growth factor, E2F3, a
transcription factor, and MET and KIT [28, 35, 36]. MET
and KIT are primarily involved in sarcoma development and
progression [37, 38]. MET is a receptor tyrosine kinase that
binds hepatocyte growth factor (HGF) and guides malignant
progression by activating signaling pathways that promote
cell motility, survival and proliferation [39]. KIT is also a
receptor tyrosine kinase operating in cell signal transduction
[40]. Several pathways act downstream of KIT to affect cell
survival and proliferation and mutant forms of KIT are known
to act as drivers of several tumors, including gastrointestinal
stromal tumors (GIST) [41].

Here, we observed MET expression up-regulation in STS
tumors, which was significantly inversely correlated with
miR-152 expression. We also found that KIT expression up-
regulation was less profound. KIT plays a predominant role in
GIST (see above) and in subsets of acute myeloid leukemia
and melanoma, and its mutation status may be predictive of
the response to the tyrosine kinase inhibitor (TKI) imatinib
[42]. Interestingly, we found that MET expression levels were
significantly higher in patients who developed metastases

Fig. 4 miR-152 expression in STS-derived cell lines SKMLS1, SW872
and HT1080, using hMSC cells as relative calibrator. SKLMS1 cells
exhibit the lowest expression

Fig. 5 Ectopic miR-152
expression causes decreases in
MET and KIT mRNA expression
(a), decreases in MET and KIT
protein expression (b) and
decreases in PI3K and p-AKT
protein expression (c)
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during follow-up than in those that did not. These data,
in conjunction with a strong and uniform MET expres-
sion in the majority of metastatic patients, underscore
the clinical relevance of MET in sarcoma development
and prognosis [38, 43]. The role of miR-152 in STS
was further supported by our in vitro assays, indicating
that ectopic miR-152 expression may lead to a reduction
in KIT and MET expression, a transient decrease in cell
growth, a transient increase in apoptosis and a transient
cell cycle S-phase delay up to 48 h after transfection.

Our results are in agreement with previous reports showing
that exogenous miR-152 expression may suppress the prolif-
eration of CD133+ Hep3B cells through KIT down-regulation
[36] and that miR-152 expression restoration in endometrial
cancer cells may inhibit cell growth and induce cell cycle
delay [24]. MET signaling has been reported to promote tu-
morigenicity in a variety of ways, including anomalous regu-
lation of the PI3K/AKT pathway [44]. Alterations in this path-
way are often encountered in cancer cells, favoring tumor cell
survival and spread [45]. We found that exogenous expression
of miR-152 in SKLMS1 cells led to a decrease in PI3K ex-
pression resulting from MET down-regulation, followed by
down-regulation of pAKT (Ser473) expression. Therefore,
targeting of MET by miR-152 may indirectly affect PI3K/
AKT signaling, thereby decreasing STS proliferation and in-
creasing STS apoptosis. Our results also suggest a prognostic
role of MET in identifying STS patients at risk of developing
metastases. In addition, our data suggests that miR-152 over-
expression may sensitize STS cells to cytotoxic agents,

thereby opening avenues for the design of novel therapeutic
strategies. Additional in vivo studies will, however, be re-
quired for the concomitant administration of anti-neoplastic
drugs with synthetic miRNA oligonucleotides.
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