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Deregulation of dicer and mir-155 expression in liposarcoma
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ABSTRACT
Liposarcoma (LPS) is the most common soft tissue sarcoma. It has been demonstrated 

that mir-155 was the most overexpressed miRNA in well-differentiated LPS(WDLPS)/
dedifferentiated LPS (DDLPS). The aim of this study is to evaluate the involvement of 
Dicer, Drosha and mir-155 in development of LPS and their possible role in stratification 
of different histological subtypes. Dicer, Drosha and mir-155 mRNA levels were analyzed 
in formalin-fixed paraffin-embedded specimens from patients diagnosed with 62 LPS and 
compared with samples of adipose tissues of healthy donors. The experimental data were 
obtained using qRT-PCR comparing Dicer, Drosha and mir-155 expression levels in tumor 
samples versus normal fat. The tumor samples from LPS patients showed a significantly 
lower Dicer expression versus normal adipose tissue, while Drosha levels did not differ. 
Concerning mir155 expression levels, our results demonstrated a significant mir-155 
up-regulation in all LPS subtypes versus normal adipose tissue except for WDLS. These 
findings demonstrate for the first time that Dicer is deregulated in LPS and show that 
mir-155 is differentially expressed in LPS subgroups and it could be a promising tool to 
improve LPS disease stratification and differential diagnosis.

INTRODUCTION

Liposarcoma (LPS) is one of the most frequent 
sarcoma of adult representing 25% of soft tissue sarcomas. 
According to its clinic pathological and molecular genetic 
characteristics, it can be divided in four categories: 
well-differentiated LPS (WDLPS), dedifferentiated LPS 
(DDLPS), myxoid/round cell LPS (MLPS/RLPS) and 
pleomorphic LPS (PLPS) [1]. Classification in these 
subtypes represents the most important determinant of 
clinical behavior and outcome [2–6]; however, little is 
known about the genetic events that led to a specific LPS 
subtype. Moreover, a significant variability in predictive 
value exists among different clinical laboratories and 

hospitals with regard to the assessment of LPS histologic 
subtype, which has been primarily based on morphologic 
appearance of the tumor.

LPSs with similar morphologic appearance can 
follow different clinical courses and show divergent 
responses to systemic therapy. Particularly a correct 
histologic categorization is important for patients with PLPS 
that have a 3-fold higher risk of distant metastasis compared 
with patients with DDLPS [7]. Generally speaking, the 
accurate discrimination between different LPS histologic 
subtypes based on morphology alone is often a challenge 
even for an experienced soft tissue pathologist.

Nowadays immunohistochemical analysis has become 
an useful tool especially in order to better distinguish benign 
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adipose tissue from LPS. It is well known that WDLPS and 
DDLPS present amplification of MDM2 and CDK4 genes 
on chromosome 12q13–15 as opposed to benign adipose 
tumors and other sarcoma subtypes. Thus MDM2 and CDK4 
immunostaining are helpful adjuncts to differentiate WDLPS 
from benign adipose tumors and discriminate DDLPS from 
poorly differentiated sarcomas [8], but others molecular 
factors differentially expressed in LPS subgroups could 
represent an helpful tool to identify subtypes and predict 
disease outcome. In addition, identification of early genetic 
events in LPS pathogenesis could provide also a potential 
therapeutic target in a scenario characterized by only few 
effective treatment other than surgery.

Several studies showed that microRNA and its 
master regulators Dicer and Drosha are directly involved 
in proliferation, differentiation and apoptosis; their altered 
expression seems to play a key role in defining aggressive 
behavior and therefore the prognosis of different cancer 
subtypes [9–13]. A recent study focused on miRNA expression 
profile in human LPS and normal fat specimens showed that 
the oncogenic mir-155 was the most overexpressed miRNA 
in WD/DDLPS [14]. Furthermore, some data suggest that 
knockdown of mir-155 delayed tumor cell growth, decreased 
colony formation and induced G1-S cell cycle arrest in vitro 
and blocked tumor growth in murine xenografts in vivo [14].

Accordingly, the aim of this study was to examine 
whether Dicer, Drosha and mir-155 expression levels were 
deregulated in patients affected by LPS with particular regard 
to the accordance with histological diagnosis in different 
LPS subtypes (WDLPS, DDLPS, MLPS/RLPS and PLPS).

The data providing by this analysis and the 
enlargement of this series have the potential to improve 
LPS disease stratification and differential diagnosis.

RESULTS

In silico analyses

In order to get preliminary information about Dicer 
expression in LPS, we analyzed the transcriptomic profiles 

of 21 MLPS/RLPS, 50 DDLPS, 24 PLPS and 9 normal fat 
(GSE 21124) searching for Dicer expression level and we 
found no significant changes in mRNA levels across the 
different histologies (Figure 1A and Figure 1B). Starting 
from these results we decided to perform a second analysis 
in our series using a more reliable and sensitive method such 
as qRT-PCR.

Dicer and Drosha expression in LPS subtypes

To investigate if Dicer and Drosha expression was 
deregulated in LPS, we compared the mRNA levels of 
these two genes between cancer specimens and normal 
adipose tissue.

Considering LPS histotypes taken together we 
showed that Dicer mRNA levels were significantly 
decreased compared to the levels in normal tissue 
(p = 0.0017) (Figure 2A).

Subsequently, analyzing Dicer expression values 
in different LPS histotypes compared to normal fat 
(Figure 2B) we found a statistically significant reduction 
of Dicer mRNA levels in all specific subtypes except for 
WDLS (Table 1).

No statistically significant differences were 
obtained comparing the Dicer levels normalized to 
the housekeeping gene (PPIA) among different tumor 
histotypes albeit a median Dicer expression reduction was 
recorded in MLPS/RLPS and in PLPS (Table 1).

Regarding to Drosha expression levels did not 
present any statistically significant difference when 
compared to the normal adipose tissue values and among 
the LPS subtypes.

Mir-155 expression in LPS subtypes

Mir-155 is one of the most relevant LPS related 
miRNA described in literature, indeed it is involved in 
tumor cell proliferation, migration, and invasion [14].

Our results showed a significant mir-155 up-
regulation in all LPS subtypes taken together compared to 
normal fat (p = 0.0261) (Figure 3A).

Figure 1: In silico analyses. (A) Dicer expression in three different Case Sets: MLPS/RLPS (21 samples), Dicer altered in 9 (43%); 
DDLPS (50 samples), Dicer altered in 19 (38%); PLPS (24 samples), Dicer altered in 15 (63%). (B) Dicer mRNA levels in different LPS 
histologies compared to normal fat. (p value > 0.05).
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Analyzing mir-155 expression levels in different 
histotypes we observed a significant up-regulation in 
DDLPS, MLPS and PLPS compared to normal tissue 
(Figure 3B; Table 2).

Intriguingly we found an increasing degree on 
mir-155 overexpression, normalized to the endogenous 
control RNU6B, from WDLPS to PLPS (low grade/high 
grade LPS respectively). Indeed in WDLPS mir-155 

Table 1: Dicer expression values of different LPS histotype (median and mean) Mann–Whitney U-test 
was used to compare Dicer expression values among LPS subtypes and normal fat. In bold p value ≤ 0.05

NORMAL FAT WDLPS DDLPS MLPS\RLPS PLPS

Number of samples 15 19 20 17 5

Median 0.06 0.026 0.02924 0.015 0.005

Mean 0.1525 0.05604 0.05051 0.06148 0.0232

P Value (vs Normal Fat) 0.075 0.017 0.021 0.0113

P Value (vs WDLPS) 0.662 0.6909 0.1642

P Value (vs DDLPS) 0.9752 0.3906

P Value (vs MLPS/RLPS) 0.4493

Figure 3: (A) mir-155 expression levels in LPS histotypes compared to normal fat ( p value = 0.026). (B) Waterfall plot of mir-155 
expression levels in all LPS histotypes normalized with the median value of mir-155 expression in normal fat.

Figure 2: (A) Dicer mRNA expression in LPS histotypes compared to normal fat (p value = 0.0017). (B) Waterfall plot of Dicer 
mRNA levels in all LPS histotypes normalized with the median value of Dicer expression in normal fat.
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expression levels were significantly reduced compared 
to DDLPS, MLPS/RLPS and PLPS (Table 2). Moreover 
our results showed a statistically significant difference in 
mir-155 expression between DDLPS and PLPS subtypes 
(Table 2).

DISCUSSION

Several studies have investigated the role of Dicer 
and Drosha in cancer tissues from different sites and their 
aberrant expression is commonly reported. Recently, 
it has been demonstrated that levels of Dicer could be 
used as prognostic markers in non-small cell lung cancer 
(NSCLC) [11] and in breast cancer patients where reduced 
mRNA expression is significantly associated with poor 
patient survival [15–16]. Moreover, Merritt et al. showed 
that levels of Dicer and Drosha are prognostic factors in 
patients with ovarian cancer [10]. Our group have been 
previously demonstrated that Dicer mRNA levels was 
independent predictors of favorable outcome and response 
in patients affected by advanced colorectal cancer treated 
with bevacizumab-based therapy [17].

Concerning soft tissue sarcoma, few data about 
Dicer and Drosha expression are available nowadays. 
In leiomiosarcoma (LMS) it has been demonstrated that 
higher Dicer levels correlated with a poorly differentiated 
phenotype suggesting its involvement in the progression 
of this neoplasm [13]. Another recent work showed how 
Dicer functions as a haploinsufficient tumor suppressor 
gene in pleomorphic sarcoma causing a loss of miRNA 
expression and leading to the development of distant 
metastases and to worse prognosis [18].

In LPS, one of the most frequent sarcoma of adult 
representing 25% of soft tissue sarcomas, no data about 
Dicer and Drosha expression are available, so far.

Due to this gap in our knowledge and in order to 
minimize biological heterogeneity between patients, 
we analyzed a group of LPS tumor samples and 15 
benign samples of adipose tissues, as control group, 
to investigate if Dicer and Drosha mRNA levels were 

deregulated in LPS. The results showed that Dicer mRNA 
levels were significantly decreased in each LPS subtype 
compared to the levels in normal adipose tissue and this 
downregulation was particularly evident in the PLPS 
samples, the most dedifferentiated subtypes.

Previously published studies show conflicting 
results about prognostic role of Dicer across tumour types. 
Reduced Dicer mRNA in cancers of the breast [16–17], 
lung [11], and ovary [10] was associated with aggressive 
phenotypic features, whereas the converse is described 
in prostatic [19], ovarian [20–21], esophageal [22] and 
colorectal [23] cancers by others and several reasons have 
been proposed for these discrepancies. It has been known 
that miRNA expression patterns are highly specific for cell 
type and cellular differentiation status. Thus, depending 
on whether the net effect of the majority of miRNAs in a 
given cell is oncogenic or tumor suppressive, the loss of 
Dicer expression can have opposite consequences on cell 
survival and proliferation. Thus, Dicer deregulation may 
be site specific and its role may differ in different tumors 
and in different subtypes.

Our data suggest a potential role of Dicer in the 
dedifferentiation process involving adipocyte cells from 
WDLPS to less differentiated high grade pleomorphic 
subtype. Indeed some evidences have been reported that 
Dicer regulates the expression of several genes involved 
in the first step of adipocyte differentiation through the 
regulation of some miRNA synthesis [24].

On the other hand, Drosha expression levels did 
not present any statistically significant difference when 
compared against the normal adipose tissue values and 
among the LPS types.

Starting from the evidences reported by Zhang 
[14] demonstrating mir-155 up-regulation in WDLPS/
DDLPS, we analyzed mir-155 expression levels in tumor 
samples and normal fat. Our findings not only confirm a 
significant up-regulation of mir-155 compared to normal 
tissue in DDLPS, but also highlight a more pronounced 
increase of mir-155 levels in MLPS and PLPS. These data 
clearly demonstrate the involvement of mir-155 in LPS 

Table 2: Mir-155 expression values of different LPS histotype (median and mean) Mann–Whitney  
U-test was used to compare mir-155 expression values among LPS subtypes and normal fat. In bold 
p value ≤ 0.05

NORMAL FAT WDLPS DDLPS MLPS\RLPS PLPS

Number of samples 17 20 21 16 5

Median 0.922 1.221 4.701 8.289 28.5

Mean 10.19 15.64 52.78 17.45 42.68

P Value (vs Normal Fat) 0.8431 0.0371 0.0081 0.0077

P Value (vs WDLPS) 0.044 0.0316 0.0191

P Value (vs DDLPS) 0.963 0.103

P Value (vsMLPS/RLPS) 0.0431
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progression and suggest its possible role as biomarker for 
discrimination between different subtype of LPS.

In conclusion we demonstrated for the first time 
that Dicer is deregulated in LPS and its decrease seems to 
be associated with more aggressive histological subtype. 
Moreover we showed that mir-155 is differentially 
expressed in LPS subgroups and it could be a promising 
tool to provide improvements in disease stratification, 
differential diagnosis and predict disease outcome.

MATERIALS AND METHODS

Microarray dataset analyses

Microarray data and clinical information were 
extracted from GEO (dataset accession number: 
GSE21124). 206061_s_at probe (Affymetrix Human 
Genome U133A Array) was used for Dicer expression 
analysis.

Patients and samples

In our study we retrospectively included 61 
patients diagnosed with LPS seen at Campus Bio-Medico 
University (UCBM) of Rome and at “S. Maria di Ca’ 
Foncello” Hospital of Treviso, as the reference center 
for Pathology of the Italian Rare Cancer Network. These 
patients were histologically classified as follow: WDLPS 
(19 pts), DDLPS (20 pts), MLPS (17 pts), and PLPS (6 
pts). For all patients formalin-fixed paraffin-embedded 
(FFPE) surgical specimens collected prior to start of any 
therapy were available.

In addition, we collected 15 benign samples of 
adipose tissues (control group) obtained from Pathology 
Division of UCBM. The study was evaluated by the Local 
Ethics Committee of UCBM with a positive outcome 
for the use of all samples, without a written consent, as 
stated by the Guarantor for the protection of personal data 
(general authorization of personal data management for 
scientific purposes published on March 1st 2012). Based 
on all this evaluation the local ethic committee approved 
the study with the request of anonymize patients records 
requested by the Guarantor.

Quantitative real-time polymerase chain reaction 
(qRT-PCR)

FFPE sections were treated with xylene to remove 
paraffin; the tissue was subsequentially incubated 
overnight at 56°C with Proteinase K (Qiagen, UK) to 
allow samples lysis. Total RNA was extracted using 
the Trizol reagent (Invitrogen, CA, USA) according to 
the manufacturer’s instructions. RNA was treated with 
DNase (DNAse Turbo, Applied Biosystems, CA, USA) 
to avoid genomic DNA contamination. The concentration 
and purity of the isolated RNA (A260/A280 ratio between 

1.8 and 2.0 were accepted) were measured using a 
NanoDrop ND-1000 Spectrophotometer (Thermo Fisher 
Scientific, DE, USA). cDNA was synthetized using the 
High Capacity cDNA Reverse Transcription Kit (Applied 
Biosystems, CA, USA) according to the manufacturer’s 
recommendations. mRNA levels were measured by 
qRT-PCR performed on a 7900HT Fast Real-Time PCR 
System (Applied Biosystems, CA, USA). In all samples, 
inventoried TaqMan Gene Expression Assays for Dicer 
(Hs00229023_m1), Drosha (Hs00203008_m1), PPIA 
(Hs99999904_m1) [25], mir-155 (002623) and mir-
RNU6B (001093) were used. For each samples, genes 
and miRNA expression levels were normalized to house-
keeping control gene/miRNA (PPIA and mir-RNU6B 
respectively) through the 2-deltaCt calculation. Three 
technical replicates of all samples and ddH2O, as non-
template control, were performed and analyzed for every 
reaction mix. PCR cycling included the following steps: 
1 cycle at 95°C for 10 min, 45 times at 95°C for 15s and 
60°C for 1 min.

Statistical analysis

Relative fold-changes were obtained by normalizing 
the Dicer, Drosha mRNA and mir-155 expression 
levels in pathological samples to the relative amount in 
healthy samples using the 2-∆∆Ct method (ABI software, 
Applied Biosystems, CA, USA). Statistical analysis were 
performed using GraphPad Prism (version 6.01; GraphPad 
Software); Mann–Whitney U-test was used to compare 
different groups and p-values ≤ 0.05 were considered 
statistically significant.
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