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A B S T R A C T

The identification of ancillary biomarkers useful to improve diagnosis is a major challenge for adipocytic
liposarcoma (LPS), the most common type among soft tissue sarcomas affecting adulthood. Recent findings
have reported the expression of some proteins belonging to Caveolin and Cavin families as a critical hallmark
distinctive of the least aggressive, well-differentiated LPS tumors. These proteins are involved in the biogenesis,
morphology and function of caveolae, minute bulb-shaped domains of the plasma membrane that play a crucial
role in the adipose tissue by controlling hormone-dependent uptake of nutrients and contributing to the
maintenance of tissue integrity. In light of this, in this paper we covered different topics, including metabolism,
hypoxia and cell mechanoprotection, to outline the rationale for considering a deeper investigation of Caveolin
and Cavin protein members in LPS neoplasms as an opportunity to identify pro-differentiating mechanisms that
could counteract tumor growth.

1. Liposarcoma

Soft Tissue Sarcomas (STS) represent about 1% of all adult cancers
and approximately 20% of childhood and adolescence tumors, accord-
ing to the latest World Health Organization classification (Fletcher
et al., 2013). These rare but aggressive neoplasms can originate in
virtually all body tissues from mesenchymal cell precursors committed
to differentiate along a number of tissue lineages, such as adipose,
muscle, fibrous and cartilage. The histological heterogeneity of STS
mirrors the complex molecular landscape of their genetic aberrations.
The molecular classification currently recognizes two main groups:
genetically complex, having a high mutational burden and a complex
karyotype, or genetically simple, bearing a specific recurrent transloca-
tion, mutation, or amplification (Bridge, 2014; Dancsok et al., 2016).
Over the past 10 years, the availability of new techniques, such as the
whole genome sequencing, along with the development of engineered
mouse and zebrafish models were useful to gain further insights into
the genetic signatures and molecular mechanisms underlying sarco-
magenesis (Dodd et al., 2010).

In adult age, the most common STS are undifferentiated pleo-
morphic sarcoma (formerly known as malignant fibrous histiocytoma),
leiomyosarcoma and liposarcoma (LPS), the latter accounting for about
20% of all STS. LPS tumors exhibit morphological features and
biochemical traits typically recognized in fat cells at different stages
of differentiation (Matushansky et al., 2008). Four main categories are
recognized, namely well-differentiated, dedifferentiated, myxoid and

pleomorphic, arising in specific body districts with a prevalence on the
extremity (24%) and retroperitoneum (45%) (Dei Tos, 2014).
Depending on different parameters, including the specific subtype,
location of primary tumor and especially the presence of dedifferen-
tiated cell components (this being associated with an unfavorable
outcome), the life expectancy of LPS patients can be highly variable
(Dalal et al., 2006). The most common clinically observed LPS
histologies are well-differentiated and dedifferentiated (Crago and
Singer, 2011), both sharing a selective amplification in the 12q13–15
region causative of MDM2 and CDK4 overexpression (Bill et al., 2016).
Well-differentiated LPS (also known as atypical lipomatous tumor) is
categorized as a low-grade tumor, despite showing a high rate of local
recurrence (Crago and Singer, 2011). In contrast, dedifferentiated LPS
is classified as an intermediate-to high-grade lesion, having 30% 5-year
overall survival compared with 90% for well-differentiated LPS
(Ghadimi et al., 2011; Thway et al., 2016). Dedifferentiated LPS can
present as a primary lesion (90% of cases) or as recurrence of a prior
well-differentiated LPS (10% of cases, i.e., secondary dedifferentiated
LPS) (Fabre-Guillevin et al., 2006; Lahat et al., 2008) undertaking a
dedifferentiation process mediated by epigenetic mechanisms (Keung
et al., 2015; Renner et al., 2013; Shimoji et al., 2004; Taylor et al.,
2011; Ugras et al., 2011; Zhang et al., 2012). The myxoid and
pleomorphic variants, frequently affecting the pediatric age group,
have a striking predilection for the limbs and show a tendency to
metastasize in about 30% of patients (Alaggio et al., 2009; Dadone
et al., 2015; Huh et al., 2011; Stanelle et al., 2012). In most cases,
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Fig. 1. In silico analysis of Caveolins and Cavins expression in well-differentiated versus dedifferentiated LPS. A) Heat map analysis showing the expression levels of the indicated genes
relative to well-differentiated (n=52) and dedifferentiated (n=40) tumors. Low values of the gene expression (near to 0) are colored in blue, mean values (near to 0.5) are colored in
yellow while high values (near to 1) are represented in red. B) The correlation between each gene and PPARγ or CEBPα in LPS tumors was computed using the Pearson correlation
coefficient ρ (with corresponding p-values < 0.05). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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