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Well differentiated liposarcoma (WDLS) is a rare form of low-grade malignancy that 

mostly occurs in the retroperitoneum. WDLS may evolve into a more aggressive form, 

dedifferentiated liposarcoma (DDLS), that loses adipocytic characteristics and, in a 

fraction of cases, undergoes heterologous differentiation acquiring phenotypic features of 

other mesenchymal tissues. A differentiation toward muscle lineage is the most common 

form of heterologous DDLS differentiation. In particular, DDLS undergoing 

rhabdomyoblastic differentiation are characterized by the de novo expression of 

myogenin. These tumors show a particularly aggressive clinical behavior with a high 

propensity to metastasis and a significantly reduced overall survival. 

This study aims to dissect the molecular mechanism underlying the malignant evolution 

to retroperitoneal WDLS to DDLS and in particular the evolution toward 

rhabdomyosarcomatous DDLS.  

A series of 18 WDLS and 42 DDLS, 9 of which DDLS with rhabdomyoblastic 

differentiation, were molecularly profiled by RNA-sequencing and targeted DNA 

sequencing. The analysis of the transcriptome confirmed the retention of adipocytic 

features in WDLS and indicated an enrichment for cell proliferation signatures in DDLS, 

in line with their more aggressive features. Interestingly, while the mutation load of 

WDLS and DDLS was similar, these tumors differ in number of structural alterations. 

Both tumors showed amplification of genes located in chromosome 12q13-15, 

notoriously amplified in WDLS and DDLS, but additional copy number gains were 

observed in DDLS. This supports the notion that structural alterations are likely to play a 

major role in the malignant evolution of WDLS to DDLS. 

Focusing on DDLS tumors, we found that DDLS undergoing rhabdomyoblastic 

differentiation are characterized by a profound transcriptional reprogramming with the 

activation of a large set of genes involved in different phases of skeletal muscle 

development. Moreover, this differentiation drift was associated with reduced immune 

cell infiltration, as evidenced by both transcriptome and in situ analyses, suggesting that 

the activation of "immune evasion" mechanisms may contribute to the particularly 

malignant phenotype of this sarcoma subtype. 
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1.1.  Soft tissue tumor 
 

The word sarcoma comes from Greek and it is a fusion between the words sarcos (flesh) 

and oma (tumor). The term refers to a group of rare and aggressive tumors of 

mesenchymal nature characterized by remarkable morphological and molecular 

heterogeneity (1, 2). Sarcomas account for <1% of all adult malignancies, whereas they 

account for approximately 20% of non-hematologic malignancies in children (3-5).  

Sarcomas can affect bones or soft tissues (STS) of various anatomic sites, including head 

and neck, extremities, retroperitoneum, and mediastinum (1, 6-8). STS are a 

heterogeneous group of tumors with over 70 subtypes included in the most recent WHO 

classification of Soft Tissue and Bone Tumors (Fig.1) (9). These subtypes are classified 

according to the mesenchymal tissue they most closely resemble and specific molecular 

features. 

 
Fig.1 STS subtypes distribution in a representative mono-
institutional cohort. Adapted from (3): ANGS, 
angiosarcoma; DSRCT, desmoplastic small round cell 
tumour; MPNST, malignant peripheral nerve sheath 
tumour; ULMS, uterine leiomyosarcoma; PLLS, 
pleomorphic liposarcoma; UPS, undifferentiated 
pleomorphic sarcoma; LMS, leiomyosarcoma; SYNS, 
synovial sarcoma; PEComa, perivascular epithelioid cell 
tumour; OS, osteosarcoma; EPIS, epithelioid sarcoma; 
SFT, solitary fibrous tumour; WDLS and DDLS, well 
differentiated and dedifferentiated liposarcoma; MLS, 
myxoid liposarcoma; CHS, chondrosarcoma; RCS_other, 
round cell sarcoma; MFS, myxofibrosarcoma; ES, Ewing 
sarcoma; ERMS and ARMS, embryonal and Alveolar 
rhabdomyosarcoma; GIST, gastrointestinal stromal 
tumour.  

 

 

 

Conventionally, STS are distinguished into simple karyotype STS, hallmarked by 

recurrent and pathognomonic gene mutations (e.g. Gastrointestinal stromal tumors i.e. 

GIST) or chromosome rearrangements (e.g Ewing sarcoma, Myxoid liposarcoma, 

Extraskeletal myxoid chondrosarcoma, Synovial sarcoma) (2, 10-12), and complex 

karyotype STS, showing numerous and non-recurrent structural and numerical 
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aberrations (e.g. Leiomyosarcoma, Pleomorphic sarcoma, Malignant peripheral nerve 

sheath tumor, Dedifferentiated liposarcoma (1, 2, 10, 13, 14). 

 

1.2.  Liposarcoma 
 

As highlighted in Figure 1, the most common STS types include GIST, 

Undifferentiated pleomorphic sarcomas, Leiomyosarcomas, and Liposarcomas (LPS) 

(15). LPS represent approximately 15% of all STS (16-18). Around half of LPS occur in 

the retroperitoneum and about a quarter in the limbs (19, 20). 

LPS are “adipocytic malignant tumors” i.e., tumor displaying some degree of adipocytic 

differentiation. According to the most recent WHO classification, LPS are distinguished 

into five subtypes: myxoid liposarcoma, pleomorphic liposarcoma, myxoid pleomorphic 

liposarcoma, well differentiated and dedifferentiated liposarcoma. These last two types 

of LPS are the focus of this thesis and will be discussed in detail further on (9, 21). As far 

as the other LPS subtypes are concerned, myxoid liposarcoma accounts about 1/3 of LPS 

and 5% of all STS in adults (9). This tumor is histologically characterized by lipoblasts 

surrounded by a myxoid (gelatinous) stroma and arborizing blood vessels (Fig.2) (7, 22, 

23). Myxoid liposarcoma most commonly develop in the extremities and it is exceedingly 

rare in retroperitoneum (24). 

 
Fig.2 Histology of myxoid liposarcoma. From (24) 
 

 

 

 

 

 

 

 

 

The molecular hallmark (pathognomonic alteration) of this simple-karyotype STS is a 

reciprocal translocation involving the chromosome 12 with either chromosome 16 or 22, 
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namely t(12;16)(q13;p11) and (12;22)(q13;q12). In the first case, the gene mapping on 

chromosome 12, DDIT3 (DNA damage inducible transcript 3) is fused in-frame with the 

FUS RNA binding protein (25). In the second case, a less frequent fusion, DDIT3 fuses 

with EWSR1 (EWS RNA Binding Protein 1). DDIT3, previously known as CHOP, is a 

DNA-binding transcription factor that belongs to the CCAAT/enhancer (C/EBPA) family 

of basic-leucin zipper (bZIP) transcription factors. DDIT3 is usually expressed at low 

levels but it is induced following cellular stresses (e.g. endoplasmic reticulum stress, 

starvation, DNA damage, and hypoxia), conditions under which, by antagonizing C/EBP-

mediated transcription, DDIT3 promotes cell cycle arrest and inhibition of terminal cell 

differentiation, in particular adipocytic differentiation (9, 26, 27). FUS and EWSR1 are 

members of a highly conserved and widely expressed family of proteins known as the 

FET family. These versatile proteins bind RNA and are involved in the control of RNA 

transcription and processing. In addition, with their N-terminus, they are implicated in 

the generation of several fusion oncoproteins involved in various types of STS (28). 

 

Pleomorphic liposarcoma mainly arises in the extremities, but may also occur in 

the abdomen, trunk or chest wall and retroperitoneum (29). This tumor is histologically 

characterized by cellular atypia, large lipoblasts with hyperchromatic and irregular nuclei, 

and multivacuolated cytoplasm (Fig.3) (30). From the molecular point of view, 

pleomorphic liposarcomas are complex karyotype STS characterized by multiple and 

non-recurrent chromosomal losses and gains (31, 32). 

 

 
Fig.3 Histology of pleomorphic liposarcoma. From 
(30) 

 
 
 
 
 
 
 
 
 
 



 
 

10 
 

 

The WHO classification of STS has recently included the myxoid pleomorphic 

liposarcoma in the list of liposarcoma subtypes (9). This type of STS is commonly 

detected in children and young adults affected by the Li-Fraumeni syndrome, typically 

associated with heterozygous TP53 germline mutations (33, 34). The most common 

development site is the mediastinum, although occasionally it may involve also other 

sites. Histologically it shows intermediate features between pleomorphic liposarcomas 

and myxoid liposarcomas, hence the name. Nevertheless different from classical myxoid 

liposarcomas, the myxoid pleomorphic liposarcoma lacks the pathognomonic 

translocations of DDIT3 (Fig.4) (9). 

 
Fig.4 A myxoid pleomorphic liposarcoma. From 
(35) 

 

 

 

 

 

 

 

 

 

1.3.  Well differentiated and Dedifferentiated liposarcoma 
 

Well Differentiated Liposarcomas (WDLS) are low-grade adipocytic malignant 

tumors that, when arising in the extremities, are also defined Atypical Lipomatous 

Tumors (24). Although WDLS are characterized by an indolent course, they show a 

tendency to recur, with recurrence rates ranging between 30 to 50%, depending on the 

site (9, 36, 37). WDLS account for about 30-40% of all LPS and represent the second 

most frequent category of LPS after dedifferentiated liposarcoma (30, 38, 39). WDLS 

show commonly arise in the limbs and retroperitoneum, more rarely in other sites 

(spermatic cord, mediastinum, trunk, head and neck) (9). Macroscopically, WDLS are 
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well circumscribed masses comprised of lobulated yellowish fatty masses (30). Based on 

histological characteristics, WDLS are classified into 3 main subtypes by the WHO 

classification (9): the most common is the sclerosing type, which commonly occurs in the 

retroperitoneal and pretesticular regions and consists of scattered atypical stromal cells 

within a prominent collagenous stroma (37, 39); adipocytic or lipoma-like type is 

characterized by the presence of the proliferation of mature adipocytic cells of variable 

sizes with focal nuclear atypia and atypical stromal cells (Fig.5) (30, 37, 39); the 

inflammatory type is the rarest tumor type and occurs only in the retroperitoneum. This 

subtype is characterized by the presence of a prominent inflammatory infiltrate and a very 

low level of adipocytic component (9, 37, 39). 

WDLS can progress to a more malignant form, the Dedifferentiated Liposarcoma 

(DDLS). Indeed, the term “dedifferentiated liposarcoma” was coined by Evans in 1979 

to indicate the morphologic progression of a WDLS to a high-grade non lipogenic 

sarcoma (40), although DDLS may also develop as de novo tumor, in the absence of 

evidence of a pre-existing WDLS component (9). Macroscopically, a DDLS appears as a 

multinodular mass with a yellow cut surface and firm tan-gray areas (30, 37, 41). DDLS 

show a high propensity to local recurrence, particularly in the retroperitoneum where they 

invariably recur within 10-20 years from diagnosis. Paradoxically, a DDLS may recur as 

a pure WDLS. On one hand this fact further stresses the common origin of the two 

neoplasms; on the other hand, it indicates the reversibility of the phenomenon of 

dedifferentiation (24). The metastatic rate is 15-20% but mortality is most commonly 

related to uncontrolled local recurrence than distal spreading. The 5-year overall survival 

rate is about 30% and decreases over time (9). 	
The evolution of WDLS into DDLS is most commonly observed in the retroperitoneum, 

most likely due to the delayed diagnosis of tumors developing in this anatomical location 

(9, 37).  

The transition from WDLS to DDLS is generally abrupt, but in few cases WDLS and 

DDLS areas may be intermingled (Fig.5) (9, 30). The persistence of elements with 

adipocytic features is fundamental in the differential diagnosis of DDLS with other STS 

(9, 37).  
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Fig.5 Histology of WDLS and DDLS (A) Histology of adipocytic or lipoma-like variant of WDLS, (B) Gradual 
transition from WDLS to higher grade areas (C) DDLS showing an abrupt transition from WDLS to non-lipogenic 
sarcoma. Adapted from (30). 

 

As WDLS, DDLS commonly arise in the retroperitoneum and limbs, and less frequently 

in other sites (9). Currently, tumor location is the most important prognostic factor: due 

to the depth and wideness of the retroperitoneum, tumors developing in this anatomical 

region tend to reach a very large size (up to over 20 cm in diameter) before causing any 

symptom. Moreover, these symptoms are often nonspecific resulting in a misdiagnosis 

and making surgical resection very challenging (36, 42). Thus, retroperitoneal STS 

feature in general a worst outcome compared to tumors that develop in other regions. 

 

 

1.3.1. Molecular genetics of WDLS and DDLS 
 

WDLS and DDLS are genetically characterized by the amplification of the 

chromosome region 12q13-15. This amplicon typically includes MDM2, HMGA2 and, 

but not always, CDK4 genes (Fig.6) (43). 

The amplicon consists of up to hundreds of extra-copies of these genes that are commonly 

organized in extrachromosomal rings or giant rods (9, 45, 46). Whilst WDLS show a 

relatively simple karyotype, DDLS are complex karyotype tumors in which, besides the 

pathognomonic 12q amplification, multiple numerical and structural alterations are 

present (Fig.6) (10, 47). 
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Fig.6 Upper panel: FISH analysis indicating the amplification of MDM2 (green) in a WDLS (left) and the recurrence 
as DDLS of the same case (right). The red signal marks the 12q centromeric marker (CEN12). Lower panel: cartoon 
showing the 12q13-15 amplicon involving MDM2, HMGA2 and CDK4. Adapted from (44). 

 

 

1.3.2. MDM2, HMGA2 and CDK4 
 

The MDM2 gene, located on 12q15, encodes for a E3 ubiquitin ligase. The main 

and best characterized target of MDM2 is the tumor suppressor p53 (48). p53 is the most 

commonly mutated tumor in cancer (49). In fact, in many tumors the p53 tumor 

suppressive activity is hampered due to the presence of loss of function mutations of the 

TP53 gene. p53 is a transcription factor that was defined “guardian of the genome” (50) 

due to its involvement in numerous pathways related to DNA damage and repair but also 

cell cycle regulation, apoptosis, premature senescence, autophagy, and other forms of cell 

death. However, more and more physiological (e.g. metabolism, protein translation, 

differentiation) and pathological processes (invasion, metastasis, chemoresistance) were 
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being found to be controlled by p53, either as wild type or gain-of-function mutant forms 

(51-54).  

 

p53 is typically post-transcriptionally regulated and the p53 protein is 

physiologically maintained at low levels through a constant proteasome-mediated 

degradation orchestrated by MDM2. The capacity of MDM2 to post-transcriptionally 

regulate p53 has therefore a significant impact on cellular homeostasis. MDM2 binds p53 

primarily at the N-terminus although the C-terminal region seems also be involved in this 

interaction (55-57). Once it has been bound, MDM2 ubiquitinates p53 and promotes its 

proteasome-mediated degradation (Fig.7) (58-60). In the presence of a stress signal, p53 

becomes phosphorylated and MDM2-mediated degradation is impeded. Interestingly, 

MDM2 is a transcriptional target of p53. This generated a feedback loop that ensures the 

restoration of physiological low levels of p53 once the “alarm” is over. 

 

 
Fig.7 MDM2-p53 pathway. From (58). 

 
Although in most tumors the inactivation of p53 tumor suppressive activities is achieved 

through TP53 inactivation mutations, a subset of tumors, among which sarcomas and 

leukemias, retain TP53 in a wild type status and rely on the overexpression of MDM2 as 

a strategy for p53 inactivation (61). WDLS and DDLS represent paradigmatic examples 

of this phenomenon (37, 62) and the targeting of p53:MDM2 interaction represents a very 

promising therapeutic strategy for the reactivation of a p53 response in these tumors. 
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Indeed, several MDM2 inhibitors are currently in clinical trials for the treatment of 

MDM2 amplified/overexpressing sarcomas with very encouraging results, including 

Nutlins such as RG7112 (63, 64), and other small molecular inhibitors like SAR405838 

(65) and HDM201 (66, 67).  

Noteworthy, MDM2 exerts additional functions besides controlling p53. For instance, 

MDM2 contributes to the regulation of chromatin remodeling by both interacting with 

PRC2 (polycomb repressive complex 2) and by ubiquitinating the Histone 

Methyltransferase SUV39H1 (68, 69). Interestingly, it has been shown that MDM2 

sustains adipogenic differentiation in a p53-independent manner and its ectopic 

expression promotes the conversion of myoblast cells into adipocytes, thus acting as a 

differentiation switch (68, 70). Additionally, MDM2 is known to regulate the protein 

turnover of PPARa and PPARg, master regulators of lipid homeostasis (71, 72). 

 

HMGA2, located on 12q14.3, encodes a protein belonging to the family of non-

histone chromosomal high mobility group proteins. It functions as an architectural 

transcription factor that, through the interaction with other proteins of the enhanceosome, 

controls chromatin structure and favors gene transcription (73). The HMGA2 protein is 

highly expressed in embryonic cells whereas it is almost undetectable in adult tissues. In 

the mesenchyme, it has been demonstrated to play a key role in adipogenesis and 

stemness (74, 75). Elevated HMGA2 levels are detected in different tumor types (76). 

HMGA2 overexpression exerts a pro-tumorigenic activity through direct or indirect 

induction of cell cycle genes and apoptosis inhibition (Fig.8). HMGA2 also influences 

the DNA repair machinery and promotes a drug resistance and an epithelial-to-

mesenchymal transition (77). 

The protein contains an AT-hook domain, a DNA binding region that recognizes AT-rich 

DNA regions, at the N-terminus (exon 1-3) whilst the C-terminus has essentially 

regulatory functions (78, 79). HMGA2 overexpression in tumors is often associated with 

gene amplification or translocation leading to the loss of the regulatory C-terminus (exons 

4 and 5) resulting in altered mRNA and increased HMGA2 protein levels and activity 

(80-82).  

 

 



 
 

16 
 

 

Fig.8 HMGA2 promotes cell proliferation. HMGA2 promotes pRB phosphorylation and activates cyclins D1, E, and 
A. The phosphorylation of pRB results in the release of E2F1 which promotes the transcription of target genes that 
induce S phase entry. Moreover, HMGA2 is capable of displacing HDAC1 from pRB thereby activating E2F1. Adapted 
from (77). 

 

CDK4 (12q14.1) is a cyclin-dependent kinase (CDK) that plays a central role in 

the control of the cell cycle. CDKs are a group of serine/threonine kinases that form active 

heterodimeric complexes when they are bound to cyclins that act as regulatory subunits 

(83-85). Analogously to its paralog CDK6, CDK4 forms active complexes with type D 

cyclins (D1, D2 and D3). CDK4/CyclinD complexes are the trigger of the transition 

through the G1/S phase of the cell cycle (85-87). Specifically, CDK4/6-cyclin D acts by 

inactivating the tumor suppressor RB1. Physiologically, RB1 binds and inhibits the E2F 

family of transcription factors, thus preventing E2F-mediated transcriptional activation 

of gene necessary for the G1/S phase transition (88, 89). By phosphorylating RB, the 

CDK4/6-Cyclin D complexes promote the dissociation of E2F from RB thus relieving 

E2F from RB-mediated inhibition and unleashing E2F-mediated transcription (90, 91). 

The kinase activity of cyclin D-CDK4/6 complexes, like other cyclin/CDK complexes of 

the cell cycle, is regulated by diverse members of the INK family of CDK inhibitors 

(p14/p19, p15, p16, p18, p21, p27, p57) (Fig.9) (92). 
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Fig.9 CDK4/6 control over G1/S cell cycle progression. From (93). 

 

Although the most characterized role of CDK4/6 is the regulation of cell cycle 

progression, mounting evidence indicate that these kinases are implicated in the 

regulation of several other cellular functions, among which lysosome and mitochondria 

metabolism, oxidative phosphorylation and regulation of immune response (92).  

In WDLS and DDLS, CDK4 is often but not always included in the 12q13-15 amplicon 

(94). In these tumors, the increased levels of CDK4 lead to a constitutive inactivation of 

RB and, therefore, in an uncontrolled cell proliferation (95). The efficacy of CDK4/6 

inhibitors for WDLS and DDLS treatment, both as single agents or in combination with 

MDM2 inhibitors (e.g. ribociclib plus siremadlin), is currently under clinical 

investigation (96, 97). 
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1.3.3. Additional genomic features 
 

If the 12q13-15 pathognomonic amplification of WDLS and DDLS typically 

targets MDM2, HMGA2 and CDK4, other genes mapping in proximity of these targets 

are reported to be occasionally included in the amplicon and contribute to LPS 

tumorigenesis (9). Among these, YEATS4 (GAS41), a chromatin reader and component 

of the NuA4 histone acetyltransferase (HAT) complex that promotes gene transcriptional 

activation by acetylating H4 and H2A histones. Interestingly, it has been shown that the 

co-amplification of YEATS and MDM2 in DDLS cooperates to repress the p53 pathway 

(94, 98-100). Also, CPM, located 11kb downstream MDM2, may be included in the 

amplicon. CPM encodes a glycosyl-phosphatidylinositol anchored membrane-bound 

carboxypeptidase that cleaves basic residues (Arginine or Lysine) located at the C-

terminus of proteins and peptides. This proteolytic activity seems to be involved in the 

regulation of receptor signaling (101), in mesenchymal cell differentiation, as well as in 

the inflammation and coagulation processes (101, 102). Other genes occasionally co-

amplified are FRS2 (12q15) and TSPAN31 (12q14.1). FRS2 encodes an adaptor protein 

which exerts docking activity for FGFR and other receptor tyrosine kinases thus 

facilitating their signaling  (103). TSPAN31 encodes a transmembrane protein that 

belongs to the tetraspanin family. Both genes are implicated in cell proliferation and 

motility (104). 

Other genetic aberrations reported in DDLS include ATRX (Xq21.1), NF1 (17q11.2) and 

CDKN2A (9p21.3) deletions and amplifications of JUN (1p23), MAP3K5 (6q23) and 

TERT (5p15.33) (43). 

 

 
1.3.4. Heterologous differentiation of DDLS  

 

In the progression from WDLS to DDLS cells lose manifest adipocytic 

characteristics (the adipocytic nature of a DDLS is inferred by the presence of scattered 

lipoblasts or associated areas of WDLS) and generally fail to show a defined lineage of 

differentiation. Nevertheless, the gain of features proper of other mesenchymal tissues 

may be observed in 5-10% of cases (9, 22, 30). This phenomenon, known as heterologous 



 
 

19 
 

differentiation, suggests a reactivation of a primitive differentiation program of 

mesenchymal stem cells (Fig.10).  

 

 
Fig.10 Mesenchymal stem cells differentiation routes. Adapted from R&D Systems, 2014. 

 

DDLS undergoing heterologous differentiation may express osteogenic, chondrogenic or, 

most commonly, myogenic features (105-108). 

 

The clinicopathological features of DDLS showing muscular heterologous differentiation 

were first reported by Binh and coworkers in 2007 (109) who found no difference in the 

clinical behavior of DDLS with muscle differentiation, either smooth or skeletal, vs 

conventional DDLS (109). Subsequently, Kurzawa and coworkers (110) confirmed the 

lack of correlation between clinical outcome and smooth muscle differentiation 

(positivity for desmin and smooth muscle actin α) (110). Both studies included both 

retroperitoneal DDLS as well as DDLS developed in other truncal sites. This may be a 

source of bias, as retroperitoneal tumors typically show a worst outcome compared to 

tumors developed in other truncal sites (111). On these grounds, Gronchi and coworkers 
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(112) focused specifically on retroperitoneal DDLS and demonstrated that retroperitoneal 

DDLS undergoing muscle dedifferentiation showed a worst prognosis compared to 

conventional DDLS (no defined lineage of differentiation). In particular, these authors 

demonstrated that DDLS with rhabdomyosarcomatous characteristics (rounded/oval 

rhabdoid cells with eosinophilic cytoplasm containing filamentous inclusions; atypical 

and eccentric nuclei with prominent nucleoli) and positive for myogenin, exhibited a 

particularly poor outcome (Fig.11). 

 

 
Fig.11 OS of retroperitoneal 
LPS. Dotted line: DDLS with 

rhabdomyoblastic 
differentiation (myogenin 
positive); dashed line: DDLS 
with generic myogenic 
differentiation but negative for 
myogenin; plain line: DDLS 
with no defined line of 
differentiation. Adapted from 
(112). 
 

 

 

 

 

Subsequent studies (113, 114) corroborated these findings and supported the notion that 

the gain of muscular characteristics, especially towards the skeletal muscle lineage 

(rhabdomyoblastic differentiation), correlates with a particularly aggressive clinical 

course in DDLS originating in the retroperitoneum.  
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2. AIM 
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In this work we focused on retroperitoneal liposarcomas and exploited RNA-sequencing 

and targeted NGS omics approaches to investigate the molecular mechanisms underlying 

the malignant evolution of WDLS to DDLS and the genetic and transcriptional features 

of the particularly aggressive rhabdomyosarcomatous DDLS variant.  
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3. RESULTS 
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3.1.  Transcriptome profiling of WDLS and DDLS 
 
A series of 60 retroperitoneal liposarcomas, consisting of 18 WDLS and 42 DDLS, were 

retrieved	from the pathological files of collaborating institutions and transcriptionally 

profiled by RNA-sequencing (Table 1).  

 

 
 
Table 1 The study cohort composed of 60 DDLS and WDLS. The 12 cases in which the WDLS and DDLS components 
came from different areas of the same tumor mass are indicated as “paired samples”. 

Class Sample_ID Myogenin 
IHC

Paired 
sample Class Sample_ID Myogenin 

IHC
Paired 
sample

D344 + x D399 - D341
D349 + x D400 - x
D375 + x D401 - D345
D376 + x D402 - D346
D377 + x D403 - D348
D378 + x D404 - x
D669 + x D405 - x
D973 + x D406 - x
D974 + x D407 - x
D341 - D399 D408 - D380
D345 - D401 D409 - D381
D346 - D402 D410 - D383
D348 - D403 D506 - D510
D379 - x D507 - D511
D380 - D408 D508 - D512
D381 - D409 D509 - D513
D382 - x D518 - D515
D383 - D410 D972 - x
D510 - D506
D511 - D507
D512 - D508
D513 - D509
D514 - x
D515 - D518
D516 - x
D661 - x
D663 - x
D664 - x
D667 - x
D668 - x
D964 - x
D965 - x
D966 - x
D969 - x
D970 - x
D971 - x
D975 - x
D672 - x
D1066 - x
D1067 - x
D1068 - x
D1069 - x

DDLS

WDLS
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Nine out of 42 DDLS showed rhabdomyoblastic differentiation as indicated by the 

positivity for myogenin at immunohistochemistry (myogenin IHC positive). Given their 

exceptional clinical-pathological characteristics, these 9 tumors were excluded from the 

first analysis that aimed to shed light on the molecular events implicated in the 

progression from WDLS to DDLS. This first analysis was then conducted on 51 cases, 

18 WDLS and 33 DDLS. In 12 cases the WDLS and DDLS components came from 

different areas of the same tumor mass.  

To get an overview of the molecular differences within this tumor series (51 cases), 

unsupervised transcriptional analyses were performed by Principal Component Analysis 

(PCA) and unsupervised hierarchical clustering analysis (UHCA). These algorithms are 

employed to identify, in an unbiased manner, differences or similarities in input data to 

highlight cryptic patterns or data groupings. In both instances the algorithms try to reduce 

the number of dimensions in the input dataset without losing important information. In 

the PCA, this reduction is graphically illustrated into a two or three-dimensional 

projection (principal components) and it is optimized to maintain as much as possible the 

variance in the original data set. In the UHCA, objects are partitioned into homogeneous 

groups, in a way that the similarities within each group are greater that the similarities 

between the groups. The graphical output of UHCA is usually a dendrogram, in which 

samples are organized in a hierarchical tree, and data are represented as a heatmap. 

PCA, conducted on the top 500 genes with the highest variance in the whole liposarcoma 

series, showed a certain separation trend between WDLS and DDLS along the PC1, with 

a minor overlap between the two groups (Fig.12A). No clear pattern of clustering for the 

matched WDLS and DDLS components of the same tumor was observed (not shown). 

Similarly, UHCA identified two major clusters: the first (cluster c) includes the majority 

of the WDLS samples whilst the second (cluster d) is mostly composed of DDLS 

(Fig.12B). 

The visual inspection of the heatmap identified 2 gene sets whose expression clearly 

differs between the two clusters. Gene set 1 is mostly expressed in WDLS (cluster c) and 

includes genes involved in lipid storage and lipid response that are typical to fat cells.  
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Fig.12 PCA (A) and unsupervised hierarchical clustering (B) of retroperitoneal DDLS and WDLS. DDLS are labelled 
in red; WDLS are labelled in dark orange.  
 

Gene set 2 is mostly expressed in DDLS (cluster d) and includes genes involved in 

immune response. 

Then we performed Differential Expression (DE) analysis by using the DESeq2 

algorithm. DE analysis between DDLS vs WDLS identified 2399 differentially expressed 

genes, 1138 up-regulated and 1261 down-regulated. 

 

Then DE genes were functionally annotated by Gene Set Enrichment Analysis (GSEA) 

and Over-Representation Analysis (ORA). GSEA was performed both in the classical 

mode and in the pre-ranked mode. GSEA, ran over the MSigDB Hallmark gene set, and 

the Biological Process (GOBP), from the Gene Ontology Consortium, highlighted an 

enrichment of pathways related to cell cycle, DNA repair and epithelial mesenchymal 

transition (EMT) in DDLS (Fig.13 left), and pathways related to adipogenesis and fat cell 

differentiation in WDLS (Fig.13 right).  

A B 
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Fig.13 Enriched gene sets and processes in DDLS (left) and WDLS (right) as according to a preranked GSEA of 
differentially expressed genes. The green line highlights the enrichment of these pathways in DDLS (left, positive 
correlation) or WDLS (right, negative correlation). The enrichment score is indicated on the Y axis. 
 

GSEA, ran against the MSigDB Oncogenic signatures highlighted several enrichments. 

Among the enriched signatures there were dataset associated with cell proliferation 

(Serum response, RB, E2F), Sonic Hedgheog pathway and YAP in DDLS (Fig.14). 

 
 
 
 
 
 
Fig.14 Enrichment of Oncogenic 
signatures in DDLS. GSEA was run on DE 
genes against Oncogenic gene sets.  
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DE genes were also functionally annotated by ORA. ORA is a statistical method that 

allows to establish whether a pre-defined list of genes (e.g. genes defining a specific 

pathway) are present more than expected (over-represented) in a group of samples 

compared to another group, irrespective of the extent of differential expression. This 

analysis confirmed the positive association of DDLS with cell proliferation (Fig.15 up), 

and of WDLS with adipogenesis, supporting their more differentiated phenotype (Fig.15 

bottom). 
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Fig.15 ORA analysis of DDLS and WDLS. The list of genes significantly up-regulated in DDLS (up) and in WDLS 
(bottom) were used to perform functional enrichment analysis against GOBP gene sets. The x axis labelled as 
GeneRatio indicates the ratio of input genes that are annotated in a term. The y axis shows the different GOBP 
annotated. The size of the dot is correlated to the count of gene that belong to a given gene-set. The color of dot is 
representative of the adjusted p value (p.adjust). 
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3.2.  Mutation profiling and Copy number variation analysis of 

WDLS and DDLS  
 

To gain further insights into the molecular mechanisms underlying the malignant 

evolution from WDLS to DDLS, DNA-sequencing was performed in a series of 49 tumor 

samples, 19 WDLS and 30 DDLS. For 13 of these cases, the WDLS and DDLS 

components were from different areas of the same tumor mass. 

Massive parallel sequencing analysis was conducted using the TruSight 500 Oncology 

Panel which allows the analysis of 523 cancer-related genes. The genomic variants 

identified by the TruSight Oncology pipeline were first annotated using the OncoKB 

annotation tool (115), then filtered to identify the mutations with a more likely biological 

impact. Over 2827 different genomic variants were identified, after OncoKB annotation 

and filter application, 112 were selected for potential biological impact. No recurrent 

mutation or recurrently mutated gene (detected event in at least 20% of the whole series 

or in one of the two subsets, WDLS or DDLS), among the 523 cancer-related genes of 

the panel were identified (Fig.16). 

 
Fig.16 Oncoprint of mutational analysis of WDLS and DDLS. WDLS are labelled in dark orange; DDLS are labelled 
in red. 

Beatrice Valenti
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The TSO500 panel allows also the detection of copy number gains (CNG) in 59/523 

genes. CNG analysis confirmed the pathognomonic amplification of MDM2 (49/49) and 

CDK4 (47/49) in both WDLS and DDLS. In DDLS, relatively common amplification 

events were detected in RPS6KB1 (6/30, 20%), FGFR1 and CDK6 (5/30, 16%) (Fig.17). 
 

 

 
Fig.17 Oncoprint of CNG analysis of WDLS and DDLS. WDLS are labelled in dark orange; DDLS are labelled in red. 
The frequencies of the common events are reported on the left (dark orange for WDLS; red for DDLS). 
 

Overall, the targeted mutational analysis failed to identify significant differences between 

WDLS and DDLS. Instead, a tendency towards a higher gene amplification rate in DDLS 

compared to WDLS was highlighted by CNG analysis. 
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3.3.  Transcriptome profiling of DDLS: focus on 

rhabdomyosarcomatous DDLS 
 

To gain insight into the aggressiveness of DDLS with rhabdomyoblastic differentiation 

we compared the transcriptional profile of the 9 DDLS with rhabdomyosarcomatous 

characteristics, positive for myogenin, and the series of 33 DDLS previously analyzed, 

negative for myogenin. Transcriptome data confirmed the expression of the MYOG gene 

was restricted to the 9 cases diagnosed as rhabdomyosarcomatous and 

immunohistochemically scored myogenin positive. We defined these tumors MYOG+ 

DDLS. All the other DDLS, in which the expression of MYOG was negative or negligible 

(possibly due to contaminant cells) were defined MYOG- DDLS. 

Both PCA and UHCA, conducted on the top 500 genes with the highest variance, 

highlighted a net separation between MYOG+ and MYOG- DDLS, supporting the 

biological divergence between these two DDLS subtypes (Fig.18). 

The two DDLS variants clearly separated in PCA along the PC1 and generated separate 

clusters in UHCA.  

 
Fig.18 PCA (left) and UHCA (right) of retroperitoneal DDLS. MYOG+ DDLS are labelled in blue; MYOG- DDLS 
are in red.   
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These analyses supported the notion that retroperitoneal DDLS undergoing 

rhabdomyoblastic differentiation are characterized by peculiar transcriptional profile and 

bona fide represents a distinct biological entity. To better elucidate the biology of these 

DDLS, we performed DE analysis. The contrast MYOG+ vs MYOG- DDLS highlighted 

over two thousand DE genes, 1232 up-regulated and 1211 down-regulated. 

DEGs were then functionally annotated by GSEA and ORA. Not surprisingly, the 

top enriched MSigDB Hallmark pathway in MYOG+ DDLS was myogenesis. Similar 

results were obtained by running GSEA against the GOBP dataset which indicated 

enrichment in striated muscle cell differentiation (Fig.19 up). Additionally, MYOG+ 

DDLS featured activation of E2F and MYC signaling pathways (Fig.19 bottom). 

Although MYC was not differentially expressed (MYC: log2FC 0.61; padj=2.9E-01), the 

two members of the MYC family, MYCL and MYCN, were definitively up-regulated in 

MYOG+ DDLS (MYCL: log2FC 2.3; padj=6.1E-05; MYCN: log2FC 2.3; padj=4.7E-02).  
 

 
Fig.19 Enriched gene sets in MYOG+ DDLS. A preranked GSEA was run on DE genes against Hallmark gene sets 
(up) and GOBP gene sets (bottom). The green line summarizes the enrichment of the pathway in MYOG+ tumours 
(left, positive correlation) vs MYOG- tumours (right). The enrichment score is indicated on the Y axis. 
 

Interestingly, in MYOG- DDLS, GSEA pointed at an enrichment for signatures related 

to immune response and inflammation (Fig.20). 
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Fig.20 Enriched pathways in MYOG- DDLS. A preranked GSEA, run on DE genes against Hallmark and GOBP gene 
sets, indicated enrichment of immune-related signatures (green line) in MYOG- tumors (right, negative correlation).  
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Fig.21 ORA analysis of MYOG+ (up) and MYOG- (bottom) DDLS. The list of genes significantly up regulated in 
MYOG+ (up) and in MYOG- (bottom) DDLS were used to perform functional enrichment analysis against GOBP gene 
sets. The x axis labelled as GeneRatio indicates the ratio of input genes that are annotated in a term. The y axis shows 
the different GOBP annotated. The size of the dot is correlated to the count of gene that belong to a given gene-set. The 
color of dot is representative of the adjusted p value (p.adjust). 

 

Also, the over-representation analysis of the DE genes indicated a positive association of 

MYOG+ tumors with muscle-related pathways (Fig.21 up) and of MYOG- tumors with 

pathways related to the immune system (Fig.21 bottom). 

Based on these results, we performed a closer inspection of the genes involved in 

myogenenic differentiation. Myogenesis process is driven by a sequential activation of 

myogenic-specific transcription factors. The process starts with induction in progenitor 

cells of Pax3 and Pax7. These two genes mediate the entry in the myogenic program via 

the activation of the myogenic regulatory transcription factors Myf5 and Mrf4/Myf6. Myf5 

activates MyoD/MyoD1 and these two genes cooperate to eventually activate myogenin. 

The combination of Myf5, MyoD and myogenin, drives the terminal differentiation and 

the fusion of myocytes cells into myotubes (Fig.22) (116). 

 

 
 
Fig.22 Myogenesis. Adapted from (116). 
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An inspection of the expression levels of these genes indicated that they were all 

expressed to variable extents in MYOG+ DDLS, with MyoD1 and MYOG showing 

definitively the highest expression levels.  

 

To investigate the extent of progress toward myogenic differentiation of MYOG+ DDLS, 

we then focused on known markers of advanced skeletal muscle differentiation (Fig.23), 

including key structural constituents of terminally differentiated myocytes (e.g. desmin, 

actin genes, tropomyosin and troponin, myosin heavy and light chain genes, myomesin 

and myotilin) (117, 118).  

 
  
 

 
 
 
 
 
 
Fig.23 Key structural components of 
terminally differentiated myocytes. 
From (117). 
 

 

 

 

 

 

 

 

 

 

 

 

These turned out to be expressed in MYOG+ DDLS, suggesting a late differentiation 

stage (Fig.24). 



 
 

37 
 

 
Fig.24 Heatmap of genes involved in myogenesis in MYOG+ and MYOG- DDLS. pTPM values of the indicated genes 
were used as input. The heat map was generated with the Morpheus web app (Broad institute). 
 

Overall, these results indicate that DDLS undergoing rhabdomyoblastic differentiation 

feature a profound transcriptional rewiring towards the skeletal muscle lineage, 

accompanied by MYC pathway activation and a reduced immune cell infiltration. 
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3.4.  Analysis of DDLS immune infiltration 
 

Based on the transcriptome results indicating a reduced immune infiltration in MYOG+ 

DDLS, we sought to investigate in greater detail the immune contexture of DDLS by 

using different computational approaches including XCELL, CibersortX, TIMER, 

QUANTISEQ, and EPIC (119-123). These are deconvolution algorithms that infer the 

presence of immune cells from bulk transcriptome data by using dedicated immune cell-

specific signatures. Some of these tools (XCELL and CibsersortX) also provide an overall 

estimate of immune cell infiltration as immune infiltration score (IIS). 

According to these in silico approaches, DDLS presented a variable extent of immune 

infiltration, in line with literature data (43). Interestingly, MYOG+ DDLS showed 

immune infiltration scores significantly lower compared to MYOG- tumors (e.g. XCELL 

IIS mean values: MYOG+ = 0.04; MYOG- = 0.11; two-tailed t-test, p = 0.05; CibersortX 

IIS mean values: MYOG+= 1.26; MYOG-=1.69, two-tailed t-test, p=0.03) (Fig. 25 up), 

corroborating functional annotations of transcriptome data (GSEA and ORA). All the 

tools used for these analyses agreed that MYOG+ and MYOG- DDLS differ in particular 

for the extent of infiltration by macrophages (Fig.25 bottom). 

 

 
 
Fig.25 Heatmaps of XCELL and Cibersort overall immune infiltration scores (up) and prediction of macrophages 
distribution according to the different in silico infiltration calculators (XCELL, CibsersortX, TIMER, QUANTISEQ 
and EPIC (bottom). The comparison of MYOG+ vs MYOG- is statistically significant for all indicated signatures 
(p≤0.05). 

 

Since the capacity of a cell to process and present antigens in the context of HLA 

molecules is mediated by a group of proteins that represent the antigen presenting 

machinery (APM) (124, 125), we explored the expression levels of these molecules and 

calculated an APM score, as the geometric mean of pTPM values (transcript per millions 
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of protein-coding genes). The main components of the APM machinery were overall less 

expressed in MYOG+ tumors compared to MYOG- DDLS, as indicated also by the 

significantly lower APM score (Fig.26). 

 

	
 
Fig.26 Heatmap of the APM score and pTPM of key APM components (represented as z-scores).  

 

Altogether these in silico investigations supported the notion that MYOG+ DDLS 

feature an immune cold phenotype. 
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3.5.  In situ evaluation of immune infiltrate 
 

To validate the in silico prediction of a reduced immune infiltration of MYOG+ DDLS, 

subset of 20 DDLS, 6 MYOG+ and 14 MYOG- DDLS, was stained for the immune cell 

markers and the percentage of immunohistochemically positive cells over the whole cell 

population was analyzed and calculated. The following immune cell markers were used: 

CD14 and CD163 for monocytes/macrophages; CD3 for T cells; CD4 for CD4-positive 

T cells; CD20 (encoded by MS4A1) for B cells (Fig.27). 

The fraction of immune cells infiltrating the tumor was significantly higher in MYOG- 

vs MYOG+ DDLS for all the markers (Fig.28). Moreover, immune cell counts and pTPM 

for the cognate marker were significantly correlated (cell count:pTPM spearman 

correlation values: CD14 rs = 0.64; CD163 rs = 0.70; CD3 rs = 0.82; CD4 rs = 0.52; CD20 

rs = 0.70). Overall, these data corroborate the in silico predictions that MYOG+ DDLS 

are less infiltrated by immune cells than MYOG- tumors. The immune cold phenotype of 

MYOG+ DDLS is likely to contribute to their aggressive behavior. 

 

 
Fig.27 Representative IHC images for: CD4 T cells and CD14 monocytes/macrophages of a MYOG+ (left) and a 
MYOG- (right) DDLS sample. 
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Fig.28 Immunohistochemical 
evaluation of immune cells 
infiltrate in MYOG- and 
MYOG+ DDLS. Box plots 
represent the fraction (%) of cells 
positive for the indicated marker 
in MYOG- (red dots) and 
MYOG+ (blue dots) tumours. 
The p-value (p) is indicated.  
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3.6. Mutation profiling and Copy number variation analysis of 

DDLS: focus on rhabdomyosarcomatous DDLS 
 
To further investigate the molecular events possibly contributing to rhabdomyoblastic 

differentiation of retroperitoneal DDLS we compared the mutational pattern of the 9 

MYOG+ vs the 30 MYOG- DDLS that we previously analyzed with the TSO500 panel 

and the OncoKB annotator. As previously discussed, no recurrent mutational event was 

detected in MYOG- DDLS. Instead, 2/9 (22%) MYOG+ tumors carried genomic variants 

in BRCA2 (Fig.29). These BRCA2 variants were classified based on mutation predictors 

as deleterious by SIFT and probably damaging by Polyphen, but the ClinVar mutation 

database classified them as “uncertain significance”. 

 

Fig.29 Oncoprint of mutational analysis of MYOG- and MYOG+ DDLS. MYOG- DDLS are labelled in red; MYOG+ 
DDLS are labelled in blue. The frequencies of the common events are reported on the left (in red for MYOG- and in 
blue for MYOG+ DDLS). 

 
In the previous comparison of WDLS and DDLS (all MYOG-), copy number variation 

analysis indicated recurrent CNG of RPS6KB1 in DDLS (20%). The same analysis here 

highlighted CNG of MYC and MYCL selectively in MYOG+ DDLS (MYC: 5/9 vs 4/30, 

p=0.02; MYCL: 3/9 vs 0/30; p=0.01, Fisher exact test). Also, FGFR1 and ERCC2 were 

tendentially more commonly gained in MYOG+ vs MYOG- tumors (FGFR1: 4/9 vs 5/30; 
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ERCC2: 2/9 vs 2/30), although the difference did not reach statistical significance 

(Fig.30). 
 

 
Fig.30 Oncoprint of CNG analysis of MYOG- and MYOG+ DDLS. MYOG- DDLS are labelled in red; MYOG+ 
DDLS are labelled in blue. The frequencies of the common events are reported on the left (in red for MYOG- and in 
blue for MYOG+ DDLS). 
 

In conclusion, the CNG analysis demonstrated an amplification of MYC genes (MYC and 

MYCL) in MYOG+ DDLS, reinforcing the concept of an involvement of the MYC 

pathway in this DDLS subtype, as suggested by transcriptome analysis. 
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4. DISCUSSION 
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WDLS and DDLS of the retroperitoneum are the focus of this study. These tumors share 

the amplification of the 12q13-15 chromosomal region involving MDM2, HMGA2 and 

CDK4 genes. WDLS is a low grade adipocytic tumor that is considered the precursor of 

DDLS. This highly malignant tumor variant, besides losing adipocytic features, may gain 

characteristics proper of other mesenchymal tissues (heterologous differentiation), a 

phenomenon often associated with increased aggressiveness. Here we sought to 

investigate the molecular mechanisms underlying the malignant progression of DDLS. 

To this end we performed transcriptional and mutational analysis by RNA-sequencing 

and targeted DNA-sequencing of a pathologically well annotated WDLS and DDLS 

series. 

Functional annotation of the genes differentially expressed between the two liposarcoma 

variants underlined that during the progression from WDLS to DDLS, this latter variant 

loses adipogenic transcriptional features, as expected, while becomes enriched in the 

expression of genes involved in DNA replication, cell cycle, cell division, and DNA 

repair. These results are in line with the previous studies comparing WDLS and DDLS 

(21, 126).  

Interestingly, although YAP1 and TAZ were expressed at similar levels in WDLS and 

DDLS, we noticed an enrichment of the YAP1 signature in DDLS, suggesting an 

hyperactivation of the YAP1/TAZ pathway in DDLS. YAP and TAZ are post-

transcriptionally regulated and the YAP1/TAZ signaling is known to be regulated by the 

stiffness of the extracellular matrix (127). Interestingly, the expression of molecules 

involved in EMT and matrix remodeling were also up-regulated in DDLS. Among the 

molecules of the EMT signature enriched in DDLS, we found LOXL1 and LOXL2, two 

lysyl oxidases that are involved in matrix crosslinking and stiffness (128), Fibronectin, 

and the tissue inhibitor of metalloproteinase TIMP1, which are also associated with 

matrix stiffness (129, 130). 

This suggests that the evolution from WDLS to DDLS is likely to be accompanied by the 

transition from a soft fat environment to a harder matrix contexture. This might trigger 

the YAP1/TAZ pathway that is notoriously associated with tumor progression (127), 

hence contributing to the malignant phenotype of DDLS. Accordingly, Fullenkamp and 

coworkers reported that the number of TAZ immunohistochemically-positive nuclei 
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(readout for YAP1/TAZ pathway activation) was greater in DDLS compared to WDLS 

(131).  

 

To better unfold the mechanisms behind the malignant progression from WDLS to 

DDLS, we also performed targeted DNA-sequencing. The overall tumor mutational 

burden (TMB, expressed as Mutations/Megabases of coding genome covered by the 

assay) was low in WDLS and DDLS (WDLS=2.0; DDLS=3.5; conventional cutoff for 

low TMB <10Mut/Mb), in line with what reported about other sarcomas (43).  

As about gene mutation pattern, previous studies reported some genes as recurrently 

mutated in either WDLS or DDLS, but results were not consistent. Only BRCA1 was 

reported as mutated in two different studies (132, 133). No recurrent mutation in either 

WDLS or DDLS was found in our targeted NGS analysis and hence no significantly 

different mutation pattern emerged between the two subtypes. Although we failed to 

detected BRCA1 mutations, BRCA2 was altered in 1/19 WDLS and in 2/39 DDLS. We 

also found occasional alterations in other genes of the DNA repair pathway including 

hMLH1 (2/19 WDLS and 2/39 DDLS) and FANCD2 (1/19 WDLS and 1/39 DDLS), a 

fact suggesting that defects in the control of genome stability might contribute to the 

development of both types of liposarcoma. 

If TMB in sarcoma is low, sarcomas are known to be more prone to undergo chromosome 

imbalance (43). In our series we found that DDLS in general show a higher number of 

copy number gains compared to WDLS (5.5% vs 1.3%, Chi-square p<10e-5). 

Specifically, besides MDM2, HMGA2 and CDK4, relatively common amplification 

events detected in DDLS involves FGFR1 (9/39, 23%), RP6SKB1 (7/39), and CDK6 

(6/39). 

FGFR1 is a receptor tyrosine kinase involved in cell proliferation, differentiation and 

migration (134). Amplification of FGFR1 was reported in different cancer types and 

associated with poor prognosis (134-137). Amplification and overexpression of FGFR1 

were reported in about 17% of sarcomas (including DDLS), and sarcoma cell lines with 

such amplification demonstrated sensitivity to FGFR1 inhibition, suggesting that FGFR 

targeting may represent a therapeutic avenue for these tumors (138).  

RPS6KB1, a member of the S6 kinase family of serine/threonine kinases (139, 140), is 

known to regulate different cellular processes like mRNA processing, protein folding, 
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cell growth and survival (141). Dysregulation of the mTORC1-RPS6KB1 signaling 

pathway has been associated with cancer development (142) and amplification of 

RPS6KB1 has been related to poor prognosis (143-145). 

CDK6 is a paralog of CDK4, both key players in the transition through the G1/S phase of 

the cell cycle (85-87). Amplification of CDK6 was reported in different tumors like 

intimal sarcoma and breast cancer (146). In breast cancer the amplification of CDK6 

seems to correlate with reduced sensitivity to CDK4/6 inhibitors (147). Since the efficacy 

of CDK4/6 inhibitors in the treatment of sarcomas is currently under clinical investigation 

(148), it will be interesting to assess whether the presence of CDK6 amplification impairs 

the sensitivity to these inhibitors also in the DDLS context. Noteworthy, a DDLS with 

CDK6 amplification was one of those uncommon DDLS cases reported in literature (94) 

that do not carry the common amplification of CDK4. 

Overall, mutation and copy number variation analysis of our WDLS and DDLS series did 

not provide major insight into the transcriptional differences identified between WDLS 

and DDLS but confirms the low propensity of these tumors to undergo gene mutations 

and supports the notion that the evolution from WDLS to DDLS is accompanied by a 

progressive genomic imbalance. 

 

A second step of our study was to investigate the molecular characteristics of DDLS with 

rhabdomyoblastic differentiation, a DDLS variant characterized by a particularly 

aggressive clinically course. Following this type of differentiation, DDLS gain 

characteristics proper of skeletal muscle cells including myogenin expression. The 

molecular trigger of this differentiative path occurring in DDLS is unknown as well as 

the reason that makes this tumor variant so clinically aggressive. Intriguingly, 

immunohistochemical positivity for myogenin is not necessarily diffused, but single 

myogenin-immunoreactive scattered liposarcoma cells are sufficient to classify a DDLS 

as rhabdomyosarcomatous. 

The comparison of the transcriptional profile of DDLS with rhabdomyoblastic 

differentiation vs conventional DDLS indicated that rhabdomyosarcomatous cells of 

these tumors do not activate the expression of just myogenin but feature the activation of 

a plethora of myogenesis-related genes including master myogenic transcription factors 

(Pax7, Myf5, MyoD1, Mrf4/Myf6, MyoG), as well as other structural components of 
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terminally differentiated myocytes. Thus, myogenin positivity in rhabdomyosarcomatous 

DDLS is just the tip of the iceberg and subtends a very profound transcriptional 

reprogramming of this adipocytic tumor toward the striated muscle lineage.  

Remarkably, adipocytes and muscle cells share a common embryonal origin from 

mesenchymal progenitors (149, 150). Adipose tissue is subdivided into white fat, mostly 

deriving from Myf5-negative mesenchymal progenitors, and brown fat, deriving from 

Myf5-positive progenitors. Myf5-positive progenitors are the cells from which muscle 

cells originate (151). Under some not fully clarified circumstances, white adipocytes may 

convert into brown adipocytes and vice versa, indicating the possibility of transition 

between the two lineages of adipose differentiation (151, 152). Thus, the conversion of 

an adipocytic tumor cell (DDLS) into a cell with muscular characteristics (MYOG+ 

DDLS) likely relies on the reactivation of a transcriptional program proper of the cell of 

origin.  

In this “transdifferentiation” process MYOG+ DDLS maintain a high proliferative 

activity, with the activation of E2F and MYC signalings (in some cases associated with 

MYC or MYCL amplification) that support an aggressive clinical behavior (153, 154). 

Intriguingly, a correlation between the gain of myoid traits and poor outcome has been 

suggested also for other types of sarcomas (155-158). 

 

An additional observation that emerged from the analysis of the transcriptome of DDLS 

undergoing rhabdomyoblastic differentiation was the transcriptional indication of a 

reduced immune infiltration if compared to conventional DDLS. This finding was 

confirmed by both deconvolution analyses with bioinformatic tools specifically designed 

to interrogate translational data for immune-related signatures as well as by in situ 

investigations of tumor section stained with diverse immune cell markers. The reduced 

extent of immune cells infiltrating rhabdomyosarcomatous DDLS was paralleled by a 

reduced expression of antigen presenting machinery genes. Suppression of the antigen 

presenting machinery and regulation of immune checkpoint molecules are mechanisms 

of immune evasion commonly deployed by tumor cells to resist to immune system control 

and propagate. Accordingly, these phenomena are associated with an aggressive 

phenotype (159-161). There are a number of factors that contribute to tumor persistence 
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via immune evasion, among which MYC, WNT/β-catenin and Sonic-Hedgehog signaling 

pathways (153, 160, 162). 

Noteworthy, muscles are considered “immune privileged” organs, similarly to brain, 

retina and testis. In fact, they express very low levels of class I and class II HLA molecules 

and are scarcely populated by immune cells, including antigen presenting cells (163, 164). 

Conversely, adipose tissue is one of the tissues with the highest expression levels of HLA 

molecules (164). Thus, it is tempting to speculate that the differentiation drift toward the 

muscle lineage may represent the strategy exploited by DDLS cells to overcome immune 

attack, gaining in parallel a more aggressive phenotype. 

Immune-based therapies, such as monoclonal antibodies and immune checkpoint 

inhibitors, represent one of the most promising anti-cancer treatments (165). Tumor types 

characterized by elevated immune infiltration (e.g. melanoma and non-small cell lung 

cancer) are particularly sensitive to immune therapies (166). Sarcomas are in general 

scarcely infiltrated and, although very few responses were achieved in series of sarcomas 

treated with immune checkpoint inhibitors, responsive cases included DDLS (167-169). 

Our findings suggest that non-rhabdomyosarcomatous DDLS are more likely to respond 

to these treatments. 
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5. CONCLUSIONS AND FUTURE 

DIRECTIONS 
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Overall, this study supports the notion that the malignant progression of retroperitoneal 

liposarcomas is accompanied by hyperactivation of pathways related to cell proliferation 

and downregulation of signaling related to the adipose cell lineage. Although mutational 

analysis failed to pinpoint recurrent genetic events supporting this evolution, the 

intriguing activation of the YAP1/TAZ pathway in DDLS suggests that matrix stiffness 

may play a role in this transition. The fact that a WDLS may recur as a DDLS and, in 

turn, a DDLS may recur as a WDLS (24) suggests that this transition may be reversible 

and influenced by external factors. In vitro experiments aimed at addressing whether 

matrix stiffness may play a role into WDLS to DDLS transition and viceversa will be 

performed. 

Also, our study indicates that the rhabdomyoblastic differentiation of a DDLS is 

characterized by a profound transcriptional rewiring possibly due to the reactivation of a 

transcriptional program intrinsic to the cell of origin. Intriguingly, 

rhabdomyosarcomatous DDLS show an “immune excluded” phenotype, a phenomenon 

correlated with a reduced expression of components of the APM machinery.	
We are designing in vitro experiments in which WDLS and DDLS cell lines will be 

engineered to ectopically express MYOG or MYOD1 in order to ascertain whether the 

expression of these myogenic transcription factors impacts on cell growth and migration 

capabilities and whether it dampens the expression of APM genes. 

 

Moreover, we are in the process of performing microRNA profiling to elucidate the role 

of these epigenetic regulators in the malignant evolution from WDLS to DDLS and in in 

rhabdomyoblastic differentiation.  

 
  



 
 

52 
 

 

 

 

 
 

 

 

 

6. MATERIALS AND METHODS 
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6.1.  Case series 
 

Archival Formalin-Fixed Paraffin-Embedded (FFPE) blocks from 51 retroperitoneal 

DDLS, including 33 DDLS and 18 WDLS were retrieved from the pathology files of 

CRO biobank and collaborating institutions. The entire series includes 12 matched 

WDLS and DDLS and an additional 27 samples, of which 21 sample were available only 

for the DDLS component and 6 sample were available only for the WDLS component. 

Moreover, the DDLS series includes 9 MYOG+ DDLS and 33 MYOG- DDLS samples. 

Only specimens with a tumor cell fraction greater than 70% were used in the study. 

 

6.2.  RNA extraction 
 

RNA was extracted from FFPE samples by using the Qiagen deparaffinization solution 

(Qiagen). The Ambion RecoverAll Nucleic Acid isolation kit (ThermoFisher Scientific) 

or the FFPE RNA Purification kit (Norgen) were employed for RNA recovery, according 

to the manufacturer’s instructions. RNA was quantified with a fluorometer using the 

Qubit RNA HS Assay Kit (ThermoFischer Scientific). The fluorometer determines the 

sample concentration using a curve-fitting algorithm, based on a calibration curve 

generated with standard samples with known concentrations. RNA quality was evaluated 

by electrophoresis using the RNA Assay Kit (Agilent Technologies) on the Agilent 2200 

TapeStation instrument. 

 

6.3.  RNA profiling and data processing 
 

Fifty to 250 nanograms of total RNA were used for the generation of RNA-sequencing 

libraries with Illumina Stranded Total RNA Library Prep kits (TruSeq or Ribo-Zero Plus) 

(Illumina), according to the manufacturer’s protocol and as illustrated in (Fig.31). Briefly, 

RNA was first depleted form ribosomal RNA (rRNA) by using rRNA depletion reagents; 

then it was converted into double-stranded cDNA with the incorporation of dUTP in place 

of dTTP during the synthesis of the second strand. cDNA fragments were then adenylated 
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at the 3’ end. After ligation of adapters, libraries were amplified by polymerase chain 

reaction (PCR) with concomitant incorporation of indexes. 

 

 
Fig.31 Illumina Stranded Total RNA Prep steps for the generation of RNA-seq libraries.  

 

RNA libraries were “stranded libraries” as, due to the presence of dUTP in the second 

strand of the cDNA, which prevents its duplication by the Taq DNA polymerase, only 

the first strand is employed as a template in the PCR library amplification step. Libraries 

were quantified by a fluorometric assay (Qubit dsDNA High Sensitivity Assay Kit, 

ThermoFischer Scientific) and evaluated for size and purity (absence of PCR dimers) by 
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TapeStation electrophoresis (D1000 Assay Kit, Agilent Technologies). Libraries were 

considered suitable if fragments were roughly 260bp long. Finally, libraries were diluted, 

pooled (in pools of 12 libraries/pool) to a 2 nM total concentration and loaded to an 

Illumina Hiseq 1000 platform using the Hiseq Rapid PE Cluster v2 Kit (Illumina, San 

Diego, CA, USA) to reach a sequencing depth ≥ 50 million paired-end reads per sample. 

Once sequencing was completed, data (in the form of bcl files) were converted into 

FASTQ files using the bcl2fastq software (Illumina). FastQC (version 0.11.9), MultiQC 

(version 1.0), and Trimmomatic (version 0.39) softwares were used for FASTQ sequence 

quality measurements and trimming.  

The obtained sequences (named reads) were then aligned to the human genome reference 

sequence hg38 (GRCh38.p13) (https://www.ncbi.nlm.nih.gov/grc) using the STAR 

algorithm (version 2.7.10a) (170). The RSEM tool (version 1.3.1) (171) was used for 

reads quantification and GENCODE v.27 (172) was employed for gene annotation. To 

attenuate possible batch effects due to the different rRNA depletion strategies were 

employed by the two library preparation kits used, genes targeted by the probes used for 

rRNA depletion were in silico uniformly depleted from all counts. This resulted in a total 

number of measurable genes equal to 57729, 19807 of which protein-coding. GENCODE 

annotation v.27 and hg38 were retrieved from the GATK resource bundle 

(https://gatk.broadinstitute.org/hc/en-us/articles/360035890811-Resource-bundle). Raw 

data (read counts from RSEM) were finally converted into normalized read counts using 

the Variance Stabilizing Transformation (VST) function in DESeq2 package (version 

1.26) (173) run in R (version 3.6.2). Transcripts per million for all genes (TPM) were 

calculated using the RSEM tool and are a normalized measure of the relative expression 

level of each transcript (expressed per 1 million transcripts). This measure takes into 

account sequencing depth and gene length and it is useful to compare gene expression in 

different samples (171, 174, 175). To calculate the TPM of protein-coding genes (pTPM) 

the TPM values calculated for all genes were filtered for protein-coding genes and 

renormalized to 1 million. To calculate the APM score, pTPM of key components of the 

APM machinery were log2-converted as [(log2 pTPM+1)+0.01] to eventually compute 

the geometric mean of the corresponding values.  

Principal Component Analysis (PCA) and unsupervised hierarchical clustering analysis 

(UHCA) were performed using the normalized read counts of the top 500 genes with 
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highest variance. PCA is a mathematical algorithm used to reduce the dimensionality of 

the data, while preserving as much as possible of the variation (176). Specifically, in 

PCA, data are linearly transformed into a coordinate system where the majority of the 

variance of the original data is expressed with fewer dimensions, commonly two, the 

principal component 1 and 2 (PC1 and PC2) (177, 178). We used the plotPCA function 

built in DESeq2 to perform PCA analysis and the ggplot2 package (version 3.3.6) for 

graphical representation. 

UHCA is an algorithm that is designed to group together data (objects) that are somehow 

"close" to one another. The graphical outcome of this analysis is a dendrogram deriving 

by a reiterated calculation of the distance between data (objects) and between clusters 

once data (objects) are being grouped into clusters. The “Euclidian” method to calculate 

distance, and the “complete linkage method” to compute the hierarchical clustering were 

employed. 

Also, UHCA was generated from the top 500 genes with highest variance by using 

DESeq2 and ggplot2 packages. 

 

Differential expression analysis was performed using the DESeq2 R package. Genes 

expressed at a very low level (raw sum of the counts <10) were excluded from the 

analysis. Genes were considered differentially expressed (DE) if the absolute value of the 

log2 Fold Change (log2FC) was ≥ 1 and the adjusted p-value was ≤ 0.05 (|log2(FC)| ≥ 1 

and padj ≤ 0.05).  

 

 

6.4.  Functional data annotation 
 

Functional annotation analyses of RNA-sequencing data were performed on a whole set 

of normalized counts using the GSEA desktop app (version 4.1.0) of the Gene Set 

Enrichment Analysis (GSEA) algorithm. GSEA is a computational method that allows to 

establish whether a reference, pre-defined gene set, shows statistically significance and 

concordant differences between two conditions (e.g. phenotypes). MSigDB Hallmark 

pathways (Hallmarks) (h.allv2022.1.Hs.symbols.gmt) (https://www.gsea-

msigdb.org/gsea/msigdb/human/genesets.jsp?collection=H), Gene Ontology Biological 
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Processes (GOBP) (c5.go.bp.v2022.1.Hs.symbols.gmt) (https://www.gsea-

msigdb.org/gsea/msigdb/human/genesets.jsp?collection=GO:BP), and Oncogenic 

signatures (c6.all.v2022.1.Hs.symbols.gmt) (https://www.gsea-

msigdb.org/gsea/msigdb/human/genesets.jsp?collection=C6) were used as reference 

datasets. An analysis was conducted by first defining the two set of samples (phenotype) 

compared (DDLS and WDLS), and then using the following parameters: number of 

permutations = 1000; enrichment statistic = weighted; minimum size = 3; maximum size 

= 2000; collapse/remap to gene symbols = no collapse. Using the same signatures and 

parameters mentioned above, we performed also a preranked GSEA (179, 180). 

Preranked GSEA uses the list of DE genes that are ranked according to the statistical 

significance and fold change. To rank our list of DE genes we used the formula [-log10(p-

value)*(sign of log2(Fold-Change))] as in (181). 

Functional annotation of DE genes was also performed by over-representation analysis 

(ORA). To this end we used clusterProfiler v.4.0 R package against the gene ontology 

biological processes, and the hyper-geometric test was used to calculate the enrichment 

of GOBP terms (182). Genes up and down-regulated were annotated separately. 

 

6.5.  DNA extraction 
 

FFPE samples were dewaxed using the QIAGEN deparaffinization solution and total 

DNA was extracted by using either the QIAamp DNA FFPE Tissue Kit (QIAGEN) or 

the FFPE RNA/DNA Purification Plus Kit (Norgen), according to the manufacturer’s 

instructions. DNA was quantified with a fluorometer using the Qubit DNA BR Assay Kit 

(ThermoFischer Scientific). DNA quality was assessed by electrophoresis using gDNA 

Assay Kit (Agilent Technologies) on the Agilent 2200 TapeStation instrument.  

 

6.6.  DNA profiling and data processing 
 

Forty to 110 ng of total DNA were used for the generation of DNA-sequencing libraries 

using the hybrid capture-based TruSight Oncology 500 Library Preparation Kit (Illumina, 

San Diego, CA). Briefly, DNA fragmentation was performed using the Covaris M220 
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focused-ultrasonicator (Woburn, MA) with a setting of 25 W peak incident power, 40% 

as duty factor, 1000 cycles per burst, at 10°C to the end to obtain 230-280 bp gDNA 

fragments. The efficacy of sonication was evaluated by electrophoresis using HSD1000 

Assay Kit (Agilent Technologies) on the Agilent 2200 TapeStation instrument. gDNA 

fragments were then end repaired and adenylated at the 3’ end. Next, adapters containing 

UMIs were ligated to the ends of the DNA fragments and libraries were amplified by 

PCR with concomitant incorporation of indexes for sample multiplexing (required for 

cluster generation). After two probe-hybridization steps performed to capture the target 

sequences (523 genes), the enriched libraries were finally amplified by PCR. Amplified 

libraries were then quantified (Qubit dsDNA High Sensitivity Assay Kit, ThermoFischer 

Scientific), normalized to ensure a uniform representation of the libraries and pooled in 

pools of 8 libraries/pool. After denaturation, pooled libraries were loaded on an Illumina 

NextSeq 550 platform. The High Output Kit v2.5 (Illumina, San Diego, CA, USA) was 

used for sequencing run (read length of 2 x 101 bp; 300 cycles). 

To analyze sequencing output, the TruSight Oncology 500 v2.2 Local App was used. This 

includes the FASTQ file generation (BCLConvert software); the alignment to the human 

genome reference sequence hg19 (GRCh37) with the Burrows-Wheeler Aligner (BWA-

MEM) of the SAM Tools utility; the somatic variant calling with Pisces 

(https://github.com/Illumina/Pisces) and primary annotation with Nirvana (183); to detect 

CNV the app uses the CRAFT copy number variant caller which performs counts bin 

normalization, calculates fold change values for each gene and determines CNV status. 

The tumor mutational burden (TMB) score was generated using TMBRaider, and 

represents the number of tumor mutations per megabase of DNA calculated as follows: 

eligible variants/ effective panel size in Mb. 

 

After variant identification with the TruSight Oncology 500 v2.2 Local App, variants 

were functionally annotated using the OncoKB annotation database (115). OncoKB is a 

comprehensive knowledge base for precision oncology that provides information on 

somatic mutations and structural alterations present in tumor samples. It contains 

biological, clinical, and therapeutic information from multiple resources and includes 

3405 alterations in 418 cancer-associated genes (115). The output of OncoKB functional 

annotation was then filtered using the following criteria: VAF (Variant 
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Allele_Frequency) ³10%; AF (which represents non-reference allele and frequency of 

existing variant in 1000 Genomes): £ 0.01 or missing value; gnomAD_NFE_AF (which 

represents the frequency of existing variant in gnomAD exomes Non-Finnish European 

population): £ 0.01 or  missing value;  IMPACT (which represents the severity of the 

consequence): moderate or high; CLIN_SIG (which represents the clinical significance 

of variant per ClinVar): pathogenic, likely pathogenic, conflicting interpretations of 

pathogenicity, uncertain significance, or not provided; SIFT: deleterious, 

deleterious_low_confidence, or tolerated_low_confidence; PolyPhen: possibly 

damaging, probably damaging, unknown, or missing value; FILTER (which represents 

false-positive filtering status): pass. 

For each gene, the frequency of mutations or CNV in each class was calculated as 

100*(number of mutations or CNV / total cases of the class). Mutations/CNV were 

arbitrarily defined “recurrent” if their frequency in a class was ≥ 20%. 

For graphical representation of mutations and CNV, the OncoPrint function built in 

ComplexHeatmap packages in R was used. 

 

6.7.  Transcriptome analysis of immune infiltration of DDLS series 
 

Transcriptome data were interrogated with immune-specific signatures to infer the 

possible presence of immune infiltrate within our DDLS cohort. To this end we used 

interrogated CibersortX as well as the Timer2 web tool (a comprehensive resource that 

provides immune infiltration estimations from expression profiles by XCELL, TIMER, 

QUANTISEQ, and EPIC) (120, 184) by using pTPM as input. CibersortX is a machine 

learning method that infers an overall absolute estimate of immune cell infiltration and 

cell type-specific abundance (22 cell types) from RNA profiles (120). XCELL, TIMER, 

QUANTISEQ and EPIC are algorithms performing enrichment analysis from gene 

expression for a variable number of immune cell types by using deconvolution 

approaches (121, 123, 185). XCELL generates also an overall immune score (119).  

The antigen presenting machinery score (APM score) was calculated as the geometric 

mean of log2-converted pTPM values ([log2 pTPM+1]+0.01) of 35 key components of 

APM machinery.  



 
 

60 
 

Data were Z-score normalized and the computed Z-scores used to generate the heatmap 

plots using the Morpheus web app (https://software.broadinstitute.org/morpheus). 

 

 

6.8.  Immunohistochemical analysis of DDLS samples 
 

Immunohistochemical staining was conducted by pathologists of collaborating 

institutions (University of Padova and Fondazione IRCCS Istituto Nazionale dei Tumori 

of Milano).  

The F5D mouse monoclonal antibody (MoAb) (Dako) was used for myogenin staining. 

Immune cell infiltration was evaluated using the following immune cell markers: CD3 

(rabbit polyclonal antibody, Dako); CD4 (clone 4B12 MoAb, Novocastra); CD14 (clone 

7 MoAb, Lab Vision); CD20 (clone L26 MoAv, Dako); CD163 (clone 10D6 MoAb, 

Novocastra). 

For in situ evaluation of immune cell infiltration extent, stained slides were 

computationally magnified at 40X magnification and at least 500 cells, including stained 

and unstained cells, were counted in 4 random fields. The percentage of each immune 

cell type was calculated as the ratio between marker positive cells on total number of 

counted cells on the 4 random fields. Data were plotted as box and whiskers plots using 

the ggplot2 package in R. In these plots, the box is delimited by the upper (Q3) and lower 

(Q1) quartile; the median value (Q2, middle quartile) is the inner line. Whiskers mark the 

minimum and maximum observation. 

 

6.9.  Statistical analysis 
 

T test (Student’s T test) is a parametric inferential statistical test that is applied to 

determine whether there is a statistically significant difference between the means of two 

groups. T test is applied when the series of data meets the criteria of continuous variables, 

normal distribution of data, independent measurements, and homogeneity of variance. 

Once verified the conditions above, the T test (two tailed) was applied to estimate the 
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statistical difference in the enrichment scores obtained from XCELL and CibersortX of 

the groups MYOG+ and MYOG- DDLS.  

The Mann-Whitney U test is a non-parametric test that is used to compare the statistical 

significance in the means of two groups when the conditions for the application of a T 

test are not met. Having assessed that the counts of immune infiltrating cells were not 

following a normal distribution, we applied the Mann-Whitney U test (one-tailed) to 

ascertain whether the in silico prediction of a differential immune infiltration between 

MYOG+ and MYOG- tumors was verified also in situ.  

The Spearman non-parametric correlation test (rs) was employed to measure, for each 

immune cell marker, the association between the percentage of immune cell marker 

positive cells and the pTPM of the cognate gene. The value of rs ranges from -1 (negative 

association) to 1 (positive association), with rs equal to 0 meaning no association. 

The Chi-square test and Fisher’s exact test (used if one class was ≤ 5) are non-parametric 

tests used to determine whether the frequency distribution of a categorical variable is 

different from the expectation or whether two categorical variables are related to each 

other. These tests were used to investigate distribution of gene copy gains between WDLS 

and DDLS and between MYOG+ and MYOG- DDLS. 
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Simple Summary: Myxoid liposarcoma (MLPS) is the second most common subtype of liposar-
coma, occurs predominantly in the extremities, and tends either to recur locally and metastasize to 
unusual soft tissue locations. To date, the mechanisms of invasion and metastasis of MLPS remain 
unclear, and yet, there is a high need to identify new prognostic biomarkers to enable the develop-
ment of novel targeted therapeutic strategies. This study firstly aimed to assess the role of immune 
cellular components that infiltrate MLPS tissues. Our data show that high grade, heavily vascular-
ized MLPS tissues exhibit T lymphocyte-poor and M2-like macrophage-rich phenotypes, while low 
grade MLPS tissues are mainly infiltrated by T lymphocytes. In line with these findings, evidence 
is shown that a crosstalk occurring between MLPS cells and macrophages exists as MLPS cells drive 
an M2-like phenotype in monocytes which in turn, increase the invasive capability of MLPS cells. 

Abstract: Myxoid liposarcoma (MLPS) is the second most common subtype of liposarcoma and has 
tendency to metastasize to soft tissues. To date, the mechanisms of invasion and metastasis of MLPS 
remain unclear, and new therapeutic strategies that improve patients' outcomes are expected. In 
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this study, we analyzed by immunohistochemistry the immune cellular components and mi-
crovessel density in tumor tissues from patients affected by MLPS. In order to evaluate the effects 
of primary human MLPS cells on macrophage polarization and, in turn, the ability of macrophages 
to influence invasiveness of MLPS cells, non-contact and 3D organotypic co-cultures were set up. 
High grade MLPS tissues were found heavily vascularized, exhibited a CD3, CD4, and CD8 positive 
T lymphocyte-poor phenotype and were massively infiltrated by CD163 positive M2-like macro-
phages. Conversely, low grade MLPS tissues were infiltrated by a discrete amount of CD3, CD4, 
and CD8 positive T lymphocytes and a scarce amount of CD163 positive macrophages. Kaplan–
Meier analysis revealed a shorter Progression Free Survival in MLPS patients whose tumor tissues 
were highly vascularized and heavily infiltrated by CD163 positive macrophages, indicating a clear-
cut link between M2-like macrophage abundance and poor prognosis in patients. Moreover, we 
documented that, in co-culture, soluble factors produced by primary human MLPS cells induce 
macrophage polarization toward an M2-like phenotype which, in turn, increases MLPS cell capabil-
ity to spread into extracellular matrix and to cross endothelial monolayers. The identification of M2-
like polarization factors secreted by MLPS cells may allow to develop novel targeted therapies coun-
teracting MLPS progression. 

Keywords: myxoid liposarcoma; tumor microenvironment; tumor associated macrophages; tumor-
infiltrating lymphocytes 
 

1. Introduction 
Myxoid Liposarcoma (MLPS) is the second most common type of liposarcoma, rep-

resenting 20–30% of all liposarcomas and an about 5% of all adult soft tissue sarcomas. 
These tumors occur not only in adults but also in a younger population, with a peak of 
incidence in the fourth and fifth decade of life and equal distribution between men and 
women [1,2]. Histologically, MLPS is characterized by a mixture of round to oval non-
lipogenic cells and small ring lipoblasts dispersed in an abundant myxoid matrix stroma 
with a thin, delicate, so called “chicken wire” capillary network [3]. Different factors have 
been evaluated in an effort to predict the prognosis at initial diagnosis of MLPS, including 
patient age, tumor size and depth, vascularization, grading, necrosis, mitotic rate, and p53 
overexpression [4–6]. Nowadays, the hyper-cellularity is considered the most important 
one affecting the development of distant metastases, and a greater amount of round cells 
well correlate with a higher histologic grade and poorer prognosis. A cellular overlap > 
5%, decreased myxoid matrix, increased nuclear grade, and high mitotic activity hallmark 
high-grade MLPS [2]. The recurrent (12;16) (q13;p11) chromosome translocation that re-
sults in the FUS-DDIT3 gene fusion has a 95% incidence, while the variant 
(12;22)(q13;q12), in which DDIT3 rearranges with EWSR1, occurs in only 5% of MLPS 
cases [7,8]. More than 50% of cases carry TERT promoter mutations [9]. Other less frequent 
genetic aberrations described in MLPS include PI3KCA mutations [10,11], homozygous 
loss of PTEN, high expression of RET, IGF1R and IGF2 [12,13]. The metastatic behavior of 
MLPS is characterized by a propensity of tumor cells to spread to extra-pulmonary loca-
tions with a predilection to the bone, particularly spine and abdominal cavity [14,15]. Me-
tastases occur in 30–60% of MLPS cases, and the prognosis of these patients remains poor 
[16]. Actually, wide surgical resection, combined with or without radiotherapy, is the 
treatment of choice for localized disease, whereas several clinical trials with molecular 
targeted agents are currently under investigation for patients with advanced or metastatic 
disease [17–19]. Based on these considerations, the identification of new biomarker of tu-
mor progression as well as new therapeutic strategies are an unmet need, especially for 
patients with advanced disease.  

Some evidence indicates that trabectedin may be a therapeutic option for MLPS pa-
tients. The mechanism of action of this drug is complex, and it seems to rely not only on 
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DNA damage but also on modulation of tumor microenvironment, including infiltrating 
macrophages and intra-tumor vascularization [20].  

In the last ten years, the emerging role of tumor microenvironment (TME) in cancer 
progression induced researchers to consider solid tumors as complex ecosystems, in 
which the TME immune cells may both counteract or promote tumor progression, de-
pending on their nature and their functional state [21,22]. It has been shown in several 
solid tumors that cytokines and chemokines secreted by cancer cells may recruit circulat-
ing leukocytes from blood into the neoplastic tissues, and initiate a complex cross-talk 
with tumor cells, exerting cytotoxic or, alternatively, pro-tumor activity [23–25]. In this 
regard, several reports highlight that immune cells infiltrating solid tumors impact on 
clinical outcomes of patients. High levels of CD8 + cytotoxic T lymphocytes and CD4+ 
helper T cells are in general favorable prognostic indicators whereas other immune cells, 
such as regulatory T cells and tumor-associated macrophages (TAM)s, may promote tu-
mor progression [26]. More recently, molecular profiling studies allowed to identify a 
number of immune therapeutic targets in bone sarcomas [27]. Otherwise, most of soft tis-
sue sarcomas are considered non-immunogenic [1], few reports investigating the compo-
sition of TME in soft tissue sarcomas have been published, and clinical responses in trials 
with checkpoint inhibitors still remain unsatisfactory [28–32].  

The main focus of this study was to quantify and characterize the cellular composi-
tion of the tumor immune infiltrate in a large cohort of MLPS cases and to explore the 
association of cell subtype with the histologic grade, microvessel density, and the Progres-
sion Free Survival (PFS). Moreover, the contribution of primary human MLPS cells in af-
fecting macrophages polarization toward an M2-like phenotype and, in turn, the macro-
phage ability to modulate spreading and invasiveness of MLPS cells have been investi-
gated by non-contact and organotypic co-cultures.  

2. Materials and Methods 
2.1. Patients and Tissue Samples 

We retrospectively retrieved MLPS patients’ information from the established database 
at the Istituto Nazionale Tumori IRCCS “Fondazione G. Pascale”. Fifty eligible formalin-
fixed paraffin-embedded (FFPE) specimens collected between the years 2001 and 2020 were 
taken into account. All patients had provided written informed consent for the use of tissue 
samples according to the institutional regulations. The study was approved by the Ethics 
Committee of the Istituto Nazionale Tumori IRCCS ‘Fondazione G. Pascale”. Histopatho-
logical diagnoses were reviewed according to the 2020 WHO classification criteria [2], based 
on clinical information, morphological criteria, and DDIT3 break-apart FISH. Medical rec-
ords were reviewed, and up-to-date information was collected to assess PFS. 

2.2. Immunohistochemistry 
Immunohistochemistry (IHC) was performed on 4 µm thin FFPE tissue sections as 

previously described [29], using automated slide stainers BenchMark (Ventana Medical 
System-Roche) and Leica Bond-III, (Leica Biosystems,), according to manufacturer’s in-
structions. To characterize lymphocytic infiltrate, CD3 (clone 2GV6, ready to use), CD4 
(clone SP35, ready to use), and CD8 (clone SP57, ready to use) monoclonal antibodies 
(Roche) were applied on tissue sections for 15 min at 25 °C. Monoclonal antibody directed 
to nuclear transcription factor forkhead box P3 (FOXP3) (clone D2W8E, 1:250, Cell Signal-
ing Technology) was utilized to identify regulatory T cells. CD68 (clone KP-1, ready to 
use, Roche), and CD163 (clone MRQ-26, Roche) monoclonal antibodies were employed to 
identify macrophages and M-2 like macrophages, respectively [33]. Intra-tumoral vascu-
larization was assessed by using CD31 monoclonal antibody (clone JC70A, ready to use, 
Dako). Sections were counterstained with hematoxylin.  
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2.3. Image Analysis 
Slides were recorded by a light microscope connected to a video camera and ana-

lyzed by using the Axiovision 4.4 software (Carl Zeiss, Oberkochen, Germany). Quantita-
tive analysis of immune infiltrates was conducted by two independent molecular 
pathologists (M.V.C., S.S.), blinded to clinical information. Sections were scored based on 
the average counts of positive cells or microvessels counted in the tumor areas, in five 
randomly selected fields/sample, each field having area of 0.785 mm2, at 200-x magnifica-
tion. 

2.4. Primary MLPS Cell Culture  
A representative sample (∼1 cm × 1 cm) from the tumor excision of the high grade #37, 

#47, and low grade #48 and #50 MLPS patients were immediately minced with a scalpel 
under sterile conditions, incubated with 1 mg/mL collagenase XI (Sigma-Aldrich, #9407 
Saint Louis, MO, USA) for 3 h at 37 °C under gentle agitation, and subsequently subject to 
filtration with sterile nylon filters (40µm mesh) as described [34]. After recovering, cells 
were cultured in 6-well multi-dish plates in Dulbecco Modified Essential Medium 
(DMEM,Cytiva HyClone™ #SH30081.01, (Cytiva, Marlborough, MA, USA) with the addi-
tion of 10% fetal bovine serum (FBS, Cytiva HyClone™ #SV30160.03), penicillin (100 U/mL, 
and streptomycin (100 µg/mL, Cytiva HyClone™ #SV30010, Cytiva, Marlborough, MA, 
USA). Isolated cell clusters obtained from only #37 and #47 high grade tumor tissues were 
further amplified in growth medium until an adherent, homogeneous, round population 
was obtained. Mesenchymal phenotype was identified by the lack of staining for cytokeratin 
AE1/AE3 (sc-81714) and by the positive staining for vimentin (Clone V9, sc-6260), all anti-
bodies being purchased by Santa Cruz (Dallas, TX, USA). For in vitro experiments, the #37 
and #47 primary MLPS cells were amplified for further eight and fifteen passages, respec-
tively.  

2.5. Isolation of Blood Monocytes 
Buffy coats were obtained from healthy blood donors at Transfusion Medicine of the 

National Cancer Institute of Naples, after informed written consent. Peripheral blood 
mononuclear cells (PBMC)s, and serum were individually collected. PBMCs were har-
vested by density gradient centrifugation as previously described [29], using the Lympho-
lyte-poly Cell Separation Media (Cedarlane Laboratories, #CL5015, Cedarlane, Burling-
ton, ON, Canada) according to the manufacturer’s instructions. Monocytes were isolated 
from PBMCs by positive selection of CD14+ cells using the Monocyte Isolation Kit II pur-
chased by Miltenyi Biotec, #130-091-153 (79% pure by visual and cytofluorimetric analy-
sis) and transferred to tissue culture plates in RPMI-1640 medium (Cytiva HyClone™ 
#SH30096.01, Cytiva, Marlborough, MA, USA), supplemented with 10% autologous hu-
man serum, penicillin (100 U/mL), and streptomycin (100 µg/mL).  

2.6. Non-Contact Co-Cultures and Collection of Conditioned Media 
Non-Contact co-cultures were carried out as described [29], using 24-multiwell plates 

and transwell polyethylene terephthalate permeable supports that allow the exchange of 
soluble factors purchased by Corning (Falcon®, #353095, NY USA). Briefly, human mono-
cytes (1 × 106 cells/well) were seeded in the lower compartment in RPMI-1640 medium 
supplemented with 10% heat inactivated human serum. MLPS cells (2 × 105 cells/well) 
suspended in growth medium were seeded on the filter top and incubated for 72 h, at 37 
°C with 5% CO2, changing medium every other day. Then, MLPS cells were removed, and 
conditioned medium (CM) from monocytes was achieved by adding serum-free RPMI-
1640 medium. After 18 h, CM was recovered, centrifuged twice at 2200 rpm for 5 min at 4 
°C, and aliquots stored at −80 °C.  
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2.7. Cytofluorimetric Analysis 
Monocytes recovered from co-cultures with/without MLPS cells were analyzed by 

flow cytometry as described [29], using PE-conjugated anti-CD68 REAfinity™ (Miltenyi 
Biotec #130-114-460) and APC-conjugated anti-CD163 REAfinity™ (Miltenyi Biotec, #130-
112–129, Bergisch Gladbach, Germany) antibodies. Samples were acquired with the BD 
FACSCanto II (BD Biosciences, Franklin Lakes, NJ, USA), and data analyzed by the FlowJo 
v10.0.7 software (Tree Star, Inc, Ashland, OR, USA), after gating on the myeloid popula-
tion in the FSC/SSC plot. Values were expressed as the percentage of each specific marker 
over median fluorescence intensity of the unstained cells. 

2.8. Dot Blot Array 
The relative levels of CC-chemokine ligand 2 (CCL2), IL-10 and IL-12 in CMs secreted 

by monocytes after co-culturing with primary MLPS cells were analyzed using the dot 
blot Human Cytokine Array Kit (#ARY005, R&D Systems, Milan Italy), according to the 
manufacturer’s instructions. Briefly, 500 mL CM were applied on each membrane, and 
signals were detected using the streptavidin-horseradish peroxidase and chemilumines-
cent detection reagents as described [29]. 

2.9. Invasion Kinetic of MLPS Cells Monitored in Real Time 
Cell invasion assay was assessed using the xCELLigence Real Time Cell Analysis 

(RTCA) technology (Acea Bioscience) and E-16-well plates (#05469830001) as described 
[35]. Bottom wells were coated with 20 µg/well matrigel (Corning® #356231) diluted in 
serum-free medium. Matrigel was allowed to polymerize for 1 h at 37 °C prior to seed 
MLPS cells (1 × 104 cells/well) suspended in CM from monocytes pre-cultured with MLPS 
cells or CM from monocytes alone, the last employed as a control. In both cases, CMs were 
supplemented with 10% heat-inactivated human serum. Cells that cross matrigel adhere 
to the bottom of plates causing impedance changes which are proportional to the number 
of invading cells. The impedance value of each well was automatically monitored in real-
time for 18 h and expressed as a cell index value. 

2.10. 3D Organotypic Co-Cultures 
Organotypic co-cultures of MLPS with monocytes were carried out as previously de-

scribed [29]. Briefly, MLPS spheroids were obtained by pipetting MLPS cell suspension 
(5x103 cells in 40 µl growth medium/well) into a Perfecta 3D Hanging Drop Plate (Sig-
maAldrich #HDP1096, Saint Louis, USA). Collagen/fibroblast matrix was obtained by sus-
pending human dermal fibroblasts (Lonza #CC-2511) (1 × 105 cells/sample) in 250 µL alpha 
Minimum Essential Medium (Cytiva HyClone™ #SH30024.01, Cytiva, Marlborough, MA, 
USA), containing 250 µl heat-inactivated serum and 2 mg/mL Type I Collagen (Cell Ap-
plication Inc., #124–25, San Diego, CA, USA), with/without monocytes (1 × 105 cells/well). 
MLPS spheroids were embedded into the collagen/fibroblast mixture, and images were 
acquired with an inverted microscope at 50× magnification for 7-days. 

2.11. MLPS Cell Proliferation  
This assay was performed using the xCELLigence RTCA technology as described 

[36]. MLPS cells (2 × 103/well) were seeded in 16-well E-plates in serum-free medium, CM 
from human monocytes pre-cultured with MLPS cells or CM from monocytes alone, the 
last as control. In all cases, media were supplemented with 2,5% heat-inactivated human 
serum. Gold microelectrodes placed on the bottom of plates detect impedance changes, 
which are proportional to the number of adherent cells and are expressed as Cell Index. 
The impedance value of each well was automatically monitored for 96 h and expressed as 
a Cell Index value. 
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2.12. Rans-Endothelial Migration  
Trans-endothelial migration assays were performed using the xCELLigence RTCA 

technology as described [35]. Human Umbilical Vein Endothelial Cells (HUVEC)s, pur-
chased by Lonza (#CC-2519), were employed between the third and the seventh passage 
and grown in Eagle Basal Medium (#CC31-56) supplemented with 4% FBS, 0.1% gentami-
cin, 1µg/mL hydrocortisone, 10 µg/mL epidermal growth factor, and 12 µg/mL bovine 
brain extract packaged together (EGM-2 Endothelial Cell Growth Medium-2 BulletKit 
(LONZA #CC-3162, Basel, Switzerland). HUVECs (2 × 104 cells/well) suspended in growth 
medium, were plated on E-16-well plates and allowed to grow for ~25 h until they formed 
a confluent monolayer, prior to seeding primary MLPS cells (2 × 103 cells/well) suspended 
in serum-free medium, CM from human monocytes pre-cultured with MLPS cells, or in 
CM from monocytes alone. Medium and CMs were supplemented with 10% serum. When 
HUVECs are challenged with crossing cells, there is a drop in electrical resistance which 
is monitored in real-time for 5 h as the cell index changes due to crossing of the endothelial 
monolayer. The experiments were performed twice in quadruplicate. 

2.13. Statistical Analysis 
Data are expressed as the means ± SD of the number of the indicated determinations. 

Statistically significant differences were defined as p < 0.05. Multiple comparisons were 
performed by one-way ANOVA post hoc Dunnett t-test. Pearson’s correlation test was 
used to analyze the occurrence of any correlation between patient age, max tumor size, 
average counts of CD3, CD4, CD8, CD68, and CD163 positive cells and CD31 positive 
microvessels in tumor tissues from MLPS patients by using the SPSS 20.0 software (SPSS 
Inc., IBM New York, NY, USA). Kaplan–Meier analysis was used as appropriate to eval-
uate the PFS. 

2.14. Ethics Statement  
All experimental protocols were performed in accordance with guidelines of the Is-

tituto Nazionale Tumori “Fondazione G. Pascale” IRCCS (Quality System n. LRC 
6019486/QMS/U/IT-2015 certificated in conformity with UNI EN ISO 9001:2008). The re-
search work with primary cell lines and MLPS tissues has been approved by Institutional 
Ethical Committee of Istituto Nazionale Tumori “Fondazione G. Pascale”-IRCCS, Naples, 
Italy (protocol 258/18, December 2018).  

3. Results 
3.1. Phenotypic Characterization of Immune Cells Infiltrating MLPS Tissues 

To identify and quantify the cellular composition of the MLPS tissue immune infil-
trates and tumor vascularization, fifty-patients collected between the years 2001 and 2020 
were included in the study. At the time of diagnosis, the median age of patients was 51 
years (range, 21–77 years), and their clinical-pathological characteristics are shown in Ta-
ble 1 and Table S1. Patients had not received neo-adjuvant chemotherapy or radiotherapy 
before to be subjected to surgical resection. Histopathological diagnoses were reviewed 
according to the 2020 WHO classification criteria [2], based on clinical information, mor-
phological criteria, and DDIT3 break-apart FISH. Tumor tissues derived from the resec-
tion of primary tumors with the exception of one recurrence and two metastases and in-
cluded twenty-six low grade and twenty-four high grade MLPS. Median tumor size was 
13.8 cm, ranging between 2 and 35 cm (Table 1 and Table S1). Metastatic lesions occurred 
in two MLPS patients and six MLPS patients died of causes unrelated to the disease. PFS 
was calculated by reviewing the medical records of forty-three patients enrolled between 
2001 and 2010, the others being enrolled between 2012 and 2020. IHC carried out on FFPE 
tissue sections allowed us to identify, quantify, and assess spatial distribution of tumor-
infiltrating CD3+ T, CD4+ T helper and CD8+ T cytotoxic lymphocytes, FOXP3+ Treg lym-
phocytes, CD68+ macrophages, CD163+ alternatively activated M2-like macrophages, and 
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CD31 positive microvessels. Both low and high grade MLPS tissues appeared infiltrated 
by T lymphocytes and macrophages, although to a different extent (Figure 1a,b). For each 
tissue sample, positive T cells, macrophages and microvessels were counted in five ran-
domly selected fields/sample acquired at 200× magnification and the averages of lympho-
cytes macrophages and microvessels for each MLPS tissue (Table S2) were subjected to 
statistical analysis. High grade tumors were mainly infiltrated by CD68+ and CD163+ 
macrophages, whereas discrete amounts of CD3+ T, CD4+ T helper, and CD8+ T cytotoxic 
lymphocytes were observed in the perivascular areas of low grade MLPS (Figure 1a,b and 
Table S2). 

Table 1. Clinical and histologic findings of enrolled MLPS patients. 

Myxoid Liposarcomas 
Primary 47 (94%) 

Recurrence 1 (2%) 
Metastasis 2 (4%) 

Age (years) 
Mean 51.66 

<60 33 (66%) 
>60 17 (34%) 

Sex 
Male 27 (54%) 

Female 23 (46%) 

Size (cm) 

Mean 138.302 
<10 cm 14 (28%) 
>10 cm 30 (60%) 

Unknown 6 (12%) 

Tumor location 

Axilla 3 (6%) 
Chest wall 1 (2%) 
Abdomen 1 (2%) 

Pelvis 1 (2%) 
Gluteus 2 (4%) 
Thigh 29 (58%) 
Knee 1 (2%) 
Leg 12 (24%) 

Histological grade 
Low 26 (52%) 
High 24 (48%) 

Follow up (ten years) 
None 18 (36%) 

Recurrence 25 (50%) 
Unknown 7 (14%) 
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Figure 1. Immunohistochemical characterization of immune infiltrate in MLPS tissues. Representative images of H&E and 
IHC staining of CD3+, CD4+, CD8+, CD68+, and CD163+ positive cells in FFPE sections from a low grade MLPS (a) from 
patient #21 and high grade. MLPS tissues (b) from patient #4, acquired at 200× magnification. 

As shown in the Figure 2, statistically significant differences were found between the 
mean number of T lymphocytes counted in low grade MLPS tissues (n.54 CD3+, n.41 
CD4+, and n.32 CD8+ cells/field), compared to high grade ones (n.24 CD3, n.14 CD4, and 
n.16 CD8 positive cells/field). Moreover, the differences assessed between the average 
counts of macrophages in high grade (n.91 CD68+ and n.140 CD163+ cells/field) versus 
low grade (n.41 CD68+ and n.44 CD163+ cells/field) MLPS tissues were statistically signif-
icant with p < 0.001 (Figure 2).  



Cancers 2021, 13, 3298 9 of 19 
 

 

 
Figure 2. Correlation between immune cell infiltration and microvessel density in 26 low grade versus 24 high grade MLPS 
tissues. Box plots, showing variation in the average count of CD3+, CD4+, CD8+, FOXP3+, CD68+, and CD163+ cells as 
well as CD31 positive microvessels according to low or high histologic grade. Dark horizontal lines indicate the medians. 
Circles indicate outliers. 

Of note, few Treg lymphocytes were found to infiltrate both low and high grade 
MLPS tissues (Table S2), whereas a statistically significant increase of capillary network 
was found in high grade MLPS sections (median: 129 microvessels/field), compared with 
low grade tumors (median: 42 microvessels/field) (Figure 2 and Table S2). Since the num-
ber of infiltrating CD163 positive macrophages appeared to better discriminate high grade 
from low grade MLPS tissues, the occurrence of any relationship between CD163+ mac-
rophages and patient age, maximal tumor size as well as average counts/field of CD3+, 
CD4+, CD8+, and CD68+ cells were subjected to Pearson correlation analysis (Table S3). 
We found that CD163+ macrophage counts positively correlated with CD68+ macro-
phages, microvessel densities (Figure 3) as well as with patient age, but negatively with 
CD3+, CD4+, and CD8+ lymphocyte counts (Figure 3 and Table S3). 
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Figure 3. Pearson correlation between the average count of CD163+ macrophages and (a) CD3+ T lymphocytes, (b) CD4+ 
T helper lymphocytes, (c) CD8+ cytotoxic lymphocytes, (d) CD68+ macrophages, and (e) CD31+ microvessels in 50 MLPS 
tissue sections. Pearson correlation coefficients (r) are indicated. 

Interestingly, patient ages were found to directly correlate with CD163+ macro-
phages but inversely with CD3+, CD4+, and CD8+ lymphocyte counts (Table S3). No cor-
relation between tumor size and immune cell infiltration was found. (Table S3). Collec-
tively, these observations seem to indicate that the aggressiveness of MLPS is modulated 
by its immune environment and that the alternatively activated M2 macrophages could 
support growth and invasive capability of MLPS cells.  

To further investigate on the relationship occurring between paucity of cytotoxic T-
lymphocytes and abundance of alternatively activated M2 macrophages, the PFS of MLPS 
patients was subjected to Kaplan–Meier analysis (Log-rank, Mantel–Cox test). Average 
counts of CD8+ lymphocytes, CD163+ macrophages, and CD31+ microvessels were di-
chotomized as poorly infiltrated, negative (0–20 CD8+, 0–50 CD163+ average cell 
count/field or 0–25 CD31+ microvessels/field), or highly infiltrated, positive (>20 CD8+, 
>50 CD163+ average cell counts/field or >25 microvessels/field). PFS time was defined as 
the interval between the date of diagnosis and the date of first disease recurrence or, in 
the absence of any recurrence, that of last follow-up visit. Kaplan–Meier analysis revealed 
that patients whose tissues were mainly infiltrated by cytotoxic T lymphocytes displayed 
a trend toward a better PFS (HR = 1.452, p = 0.228) whereas a shorter PFS was associated 
to patients whose tissues were highly vascularized (HR = 3.135, p = 0.057) and/or mas-
sively infiltrated by CD163 positive macrophages (HR = 3.774, p = 0.052) (Figure 4), indi-
cating that a relationship between the number of TAMs infiltrating tumor tissues and poor 
prognosis of MLPS patients does exist. 



Cancers 2021, 13, 3298 11 of 19 
 

 

 
Figure 4. Prognostic implication of macrophages and microvessel density in MLPS. Kaplan–Meier 
analysis (Log-rank, Mantel–Cox test) used to evaluate the PFS, based on tumor-infiltrating CD8+ 
(a), CD31+ microvessels (b) and CD163+ cells (c) in 43 MLPS cases. Patients who were lost to clini-
cal follow-up were censored from PFS at time lost to clinical follow-up (nine low and three high 
grade MLPS cases censored). Time was defined as the interval between the date of diagnosis and 
the date of disease recurrence or that of the last follow-up visit. HR, hazard ratio. 

3.2. MLPS Cells Polarize Macrophages toward an M2-Like Pro-Tumor Phenotype 
Cancer cells have been recognized to polarize tissue infiltrating macrophages toward 

an M2-like pro-tumor phenotype that, in turn, orchestrates many steps of tumor progres-
sion by secreting proteases and growth and angiogenic factors, as well as cytokines and 
chemokines [29,37–39]. To investigate whether MLPS cells engage a crosstalk with mono-
cyte/macrophages, co-cultures of primary MLPS cells and monocytes from healthy donors 
were set up. Representative MLPS high grade tumor samples from patients #37 (Figure 
5a) and #47 (Figure 5b) were subjected to enzymatic digestion and the recovered cells am-
plified until two adherent and homogeneous cell populations were obtained (Figure 5c,d, 
left). The mesenchymal phenotype of both primary MLPS cells was assessed by the lack 
of staining for cytokeratin AE1/AE3 and by the positive staining for vimentin (Figure 5c,d, 
right). Primary #37 and #47 MLPS cells were co-cultured with human monocytes in an in 
vitro non-contact co-culture system. After 72 h co-culture, monocytes were recovered and 
analyzed by flow cytometry using CD68 and CD163 Abs that recognize macrophages and 
alternatively activated M2 macrophages, respectively, [29]. After co-culture with either 
#37 (Figure 5e) or #47 (Figure 5f) primary MLPS cells, monocytes express high levels of 
CD68 and significantly higher levels of CD163 as compared to control monocytes (Figure 
S1a,b and Figure 5e,f). Polarized M2-like-macrophages are documented to secrete higher 
levels of CCL2 and IL-10 and lower levels of IL-12, as compared to macrophages [40]. 
Accordingly, higher levels of the CCL2 and IL-10 as well as lower levels of IL-12 were 
found in the CM from monocytes pre-co-cultured with either #37 and #47 primary MLPS 
cells, compared to CM from control monocytes (Figure S1c,d and Figure 5g,h), supporting 
the notion that MLPS cells effectively promote M2-like polarization. 
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Figure 5. MLPS cells trigger M2-like polarization of monocytes in non-contact co-cultures. (a,b) Representative images of 
H&E staining of FFPE sections from #37 (a) and #47 (b) MLPS tissues acquired at 200× magnification. (c,d) Primary MLPS 
cells obtained by enzymatic digestion of 37 (c) and #47 (d) tumor tissues, visualized by phase contrast microscopy (left) 
and fluorescent microscopy after immunostaining with anti-vimentin and anti-cytokeratin Abs (right). Nuclei were 
stained blue with DAPI. Original magnifications: 200× (left) and 400× (right). (e,f) Human monocytes were co-cultured 
with #37 (e) and #47 (f) primary MLPS cells in an in vitro non-contact co-culture for 72 h and then analyzed for CD68 and 
CD163 expression by flow cytometry. (e,f) Percent variation of CD68 and CD163 on monocytes collected after non-contact 
co-culture, compared to control monocytes. (g,h) After co-cultures with #37 (g) and #47 (h) primary MLPS cells, CMs from 
monocytes were analyzed for the content of CC2, IL-10, and IL-12 by a dot plot assay. The pixel density of each spot was 
measured using NIH Image J 2.0 software developed by the US NIH, USA and positive control spots were used to nor-
malize results between the membranes. The intensity of each spot was averaged over the duplicate spots and expressed 
as percentage of each cytokine or chemokine spontaneously secreted by control monocytes (monocyte CM), considered as 
100% (dashed line). Data represent mean ± SD from three experiments performed in duplicate with * p < 0.05, ** p < 0.005. 

3.3. Monocytes Increase Spreading and Invasive Ability of MLPS Cells 
To understand whether monocytes/macrophages exert some effect on invasiveness 

of MLPS cells, we first determined the matrigel invasion rates of #37 and #47 primary 
MLPS cells exposed to CM from monocytes pre-cultured with MLPS cells or CM from 
control monocytes (CTRL CM), all supplemented with 10% heat-inactivated human se-
rum, using the xCelligence technology. As shown in in Figure 6a,b CM from monocytes 
pre-cultured with #37 (Figure 6a) or #47 (Figure 6b) primary MLPS cells elicited a dramatic 
increase of MLPS cell invasion ability, as compared to CM from monocytes alone. Nota-
bly, the increase of MLPS cell invasiveness induced by soluble factors secreted by mono-
cytes pre-exposed to MPLS cells is not due to cell proliferation increase, since cell index 
values recorded by proliferating MLPS cells exposed to diluents, CM from monocytes pre-
cultured with MPLS cells or CM from control monocytes, all supplemented with 2.5% 
serum, generated overlapping curves (Figure S2). To further assess whether MLPS cells 
engage a crosstalk with monocyte/macrophages, organotypic 3D co-cultures that more 
accurately recapitulates key aspects of the architecture of solid cancers re-establishing 
morphological and functional features of the corresponding tissue in vivo, were set up. 
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Primary #37 and #47 MLPS cells were allowed to form spheroids for 72 h. Once obtained, 
MLPS spheroids and monocytes were incorporated in a semi-solid matrix containing der-
mal fibroblasts. Then, spreading of MLPS cells into matrices and size of MLPS spheroids 
were monitored for 7 days. Fibroblast-dependent matrix deposition allowed spheroids to 
grow in control samples. Remarkably, the inclusion of monocytes cells into organoids 
caused a dramatic, time-dependent increase of #37 and #47 MLPS cell spreading and size 
of MLPS spheroids (Figure 6c). Measurement of spheroid volumes after 7 days, revealed 
that monocytes caused an about 35% increase of spheroid sizes (Figure 6d).  

 
 

Figure 6. Monocytes pre-exposed to MPLS cells increases spreading of primary MLPS cells into matrices. (a,b). Primary 
#37 (a) and #47 (b) MLPS cells were suspended in CM from human monocytes pre-co-cultured with #37 and #47 (MLPS 
cells respectively (blue curves), or control monocytes (CTRL CM, red curves) and seeded onto matrigel-coated E-plates 
with serum added to a 10% final concentration. Matrigel invasion was monitored for 18 h by the RTCA xCELLigence 
technology. Data represent mean ± SD from a quadruplicate experiment representative of 2 replicates. (c,d). Spheroids 
containing primary #37 (c) or #47 (d) MLPS cells were embedded in the collagen/fibroblast mixture without (None), or 
with human monocytes. At the indicated times, images (c) were acquired at 50x magnification. (d) Time-dependent in-
crease of spheroid size assessed by using the formula: V = D(d)2/2, where D and d are the major and the minor spheroid 
diameter, respectively. Data expressed as percentage of volumes assessed at time zero are the mean ± SD of two independ-
ent experiments, performed in duplicate. Statistical significance with * p  < 0.0001. 

3.4. Monocytes Increase Transendothelial Migration of MLPS Cells 
Beside invading the extracellular matrix, tumor aggressiveness depends on tumor 

cell ability to entering the bloodstream. To analyze the ability of alternatively activated 
M2 macrophages to modify MLPS cell ability to cross endothelial monolayers, endothelial 
cells were allowed to grow in E-plates for about 25 h until they formed a monolayer, prior 
to seeding primary #37 or #47 MLPS cells suspended in complete medium, plus CM from 
monocytes pre-cultured with MLPS cells or CM from control monocytes, both supple-
mented with 10% serum. At this time, reduction of impedance values, due to invading 
cells that interrupt endothelial monolayers, was monitored for a further 5 h. According to 
invasion data, both #37 or #47 MLPS cells were able to disrupt the endothelial monolayer 
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although to a different extent. In both cases, the presence of CM from monocytes pre-
cultured with MLPS cells interrupted endothelial monolayers much more efficiently than 
in the presence of Control CM. Figure 7a,b). 

 
Figure 7. Monocytes pre-exposed to MPLS cells increases trans-endothelial migration of primary MLPS cells. HUVECs (1 
× 104 cells/well) suspended in growth medium were seeded onto E-plates and allow to grow for 25 h until they form a 
confluent monolayer. Then, primary #37 (a) and #47 (b) MLPS (2 × 103 cells/well) suspended in CM from human monocytes 
pre-co-cultured with of MLPS cells, or control monocytes (CTRL CM) were seeded onto endothelial monolayers with 
serum added to a 10% final concentration. Cell index changes due to crossing of the endothelial monolayer were monitored 
in real-time for 5 h. The experiments were performed twice in quadruplicate. 

Although the identification of soluble factors secreted by MLPS cells in the microen-
vironment milieu and responsible for M2-like polarization deserves further investigation, 
our findings indicate that MLPS cells really induce macrophage polarization in the direc-
tion of an M2-like pro-tumor phenotype and that once polarized, TAMs increase MLPS 
cell ability to spread and infiltrate surrounding tissues and ultimately entry of metastatic 
cells into the blood vessels. 

4. Discussion 
Although MLPS is relatively more sensitive to chemotherapy, compared with other 

soft tissue sarcomas, little advances have been made in the treatment of MLPS in the last 
three decades, and there is a strong request from patients of developing less toxic thera-
peutics that may improve patients’ outcome. It is largely documented that complex inter-
actions between tumor cells and host immune responses in the TME may influence tumor 
evolution [21,22]. Thus, characterizing the MLPS immune microenvironment may pro-
vide prognostic and predictive biomarkers to enable the development of new therapeutic 
targets and strategies. 

In this study, a quantitative evaluation of cellular components of the tumor immune 
infiltrate was conducted on fifty MLPS tissues in order to investigate the existence of any 
association of T-cell subtypes and tumor associated macrophages with the histologic 
grade and PFS. As the results presented here show, high grade MLPS tissues exhibited a 
CD3+, CD4+, and CD8+ T lymphocyte-poor phenotype whereas a discrete amount of 
CD3+, CD4+, and CD8+ lymphocytes was found to infiltrate low grade MLPS tissues. 
Dancsok and co-workers reported that single infiltration of CD8+ T cells in MLPS tissues 
correlates with better overall survival than simultaneous infiltration of CD8+ and FOXP3+ 
T cells [41]. Accordingly, we found that infiltration of CD8+ T cells associated to a better 
PFS, although very few T-reg cells were found to infiltrate both low and high grade MLPS 
tissues. It has been reported that trials with immune checkpoint inhibitors are delivered 
contradictory results since TME of MLPS is not much responsive to anti-PD-1 monother-
apy [30]. In this regard, we may speculate that forcing T-cell recruitment into high grade 
MLPS tissues could ameliorate the response of MLPS patients to checkpoint inhibitors. 
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For instance, immunotherapy targeting the cancer-testis antigen (NY-ESO-1) which is aber-
rantly expressed in MLPS [42] and has been reported to elicit both humoral and specific 
CD8+ cytotoxic T-cell immune responses [43,44] could improve the survival of patients af-
fected by high grade MLPS. Furthermore, it has to be taken into account that most studies 
lump together different sarcoma subtypes that might exhibit immunological differences [45] 
and were carried out on different tissue areas, including tissue microarrays that may poorly 
represent the heterogeneity of histological pictures, compared to larger tumor sections. 

In the TME, TAMs have been documented to promote tumor progression exerting 
immunosuppressive activities [38,46–49]. With regard to MLPS, the occurrence of a corre-
lation between the infiltration of M2-like TAMs and poor prognosis was described for the 
first time by Nabeshima and co-workers on 78 MLPS samples [50]. Using immunohisto-
chemistry for CD68 and CD163, they found that a high infiltration of either CD68+ macro-
phages and CD163+ M2-like TAMs associates with decreased overall survival and that 
conditioned medium from macrophages stimulates MLPS cell migration and invasion by 
activating the epidermal growth factor receptor (EGFR) [50]. We carried out a quantitative 
analysis of macrophages infiltrating 50 MLPS tissues by using CD68 as a macrophage 
marker and CD163 as a marker of alternatively activated M2 macrophages. According to 
Nabeshima and co-workers, we found that CD163+ alternatively activated M2 macro-
phages massively infiltrated high grade MLPS tissues, and their average counts positively 
correlated with patient age, but negatively with CD3+, CD4+, and CD8+ lymphocyte 
counts. Of note, patients whose tissues were heavily infiltrated by CD163+ macrophages 
showed a significant shorter PFS, compared with patients whose tissues were slightly in-
filtrated by macrophages, supporting the notion that TAMs negatively affect the progno-
sis of MLPS patients. 

It is documented that TAMs originate from circulating monocytes that infiltrate tu-
mor tissues differentiating into macrophages [51]. After monocyte recruitment in the solid 
tumors, a variety of signaling molecules, transcription factors, epigenetic mechanisms, 
and post-transcriptional regulators promote differentiation of the infiltrating monocytes, 
leading to “tumor-educated” macrophages which may exert immune-suppressive and 
pro-tumoral effects [52–54]. TAMs constitute a large portion of the tumor mass and regu-
late multiple aspects of cancer progression including matrix remodeling, tumor-associ-
ated angiogenesis, and immune surveillance [55,56].  

Here, by non-contact co-cultures and 3D organotypic co-cultures, the last reproduc-
ing TME in a 3D-environment, we document the existence of a crosstalk occurring be-
tween primary MLPS cells and monocytes as MLPS cells trigger the differentiation of 
monocytes toward an M2-like anti-inflammatory phenotype, and M2-like macrophages 
increase spreading and invasiveness of MLPS cells into the matrices. Considering that 
TAM infiltration sustains tumor progression, many efforts have been made to prevent the 
recruitment of monocytes into tumor tissues, or to counteract their M2-like polarization, 
or, alternatively, to force their phenotype toward a M1 pro-inflammatory phenotype 
[57,58]. This is the case of the CCL2/CCR2 axis, which plays a role in the recruitment of 
monocytes in tumors: the CCR2 antagonist (PF-04136309) enhanced anti-tumor immunity, 
decreased tumor growth, and reduced metastasis in an orthotropic model of pancreatic 
cancer [59]. Trabectedin, approved for the treatment of MLPS, has been reported to reduce 
TAM density and decrease angiogenesis in mouse tumor models and in MLPS specimens 
[20]. Also, all-trans retinoic acid has been reported to reduce the number of pulmonary 
metastatic nodes of osteosarcoma cells in mice by inhibiting the M2 polarization of TAMs 
[60]. In the past years, we developed the retro-inverso peptide Ac-(D)-Tyr-(D)-Arg-Aib-
(D)-Arg-NH2, named RI-3 that behaves, in vitro and in vivo, as a strong inhibitor of cell 
migration [35,61]. We have recently shown that following subcutaneous injection of pri-
mary chondrosarcoma cells in nude mice, a daily treatment with 6 mg/Kg RI-3 signifi-
cantly reduced recruitment and infiltration of monocytes into tumors as compared to ones 
from untreated animals [29]. We are planning to investigate whether RI-3 exert similar 
effects on the monocyte recruitment into MLPS tissues in murine models.  
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Many pieces are still missing to clarify the complicated puzzle of the neoplastic strat-
egy of sarcomas. This study has been developed retrospectively and over a period of ap-
proximately 20 years. We hope that our findings could help to understand the interplay 
between microenvironment, immune response, and MLPS cells. In this regard, we foresee 
that the identification of soluble factors secreted by MLPS cells in the microenvironment 
milieu, and responsible for M2-like polarization, could lay down the bases for develop-
ment of new-targeted therapies aimed to counteract TAM pro-tumor functions. 

5. Conclusions 
This study was aimed to quantify and functionally characterize the cellular compo-

sition of the tumor immune infiltrate in a large cohort of MLPS tissues and to explore the 
contribution of macrophages in promoting invasiveness of MLPS cells. Our data show 
that high grade MLPS tissues exhibit T lymphocyte-poor and M2-like macrophage-rich 
phenotypes and that a high M2-like macrophage infiltration associates to a shorter PFS. 
We also found that, when co-cultured with MLPS cells, macrophages exhibit predomi-
nantly a M2-like pro-tumor phenotype which sustains invasion capability of MLPS cells. 
Although soft tissue sarcomas have long been considered “immune cold” tumors, recent 
reports have shown a high degree of heterogeneity of the immunogenic features of these 
tumors, including MLPS. We are confident that our findings could help to understand the 
interplay between microenvironment, immune response, and MLPS cells. In this regard, 
the identification of soluble factors secreted by MLPS cells in the microenvironment mi-
lieu, and responsible for M2-like polarization, could allow the development of new-tar-
geted therapies aimed to ameliorate the survival of patients affected by high grade MLPS. 
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tics of immune infiltrate in MLPS tissues. Table S3: Pearson correlation coefficients referred to the 
correlation between patients age; max tumor size; averages of CD3, CD4, CD8, CD68, and CD163 
positive cells in tumor tissues from MLPS patients. Figure S1. Contribution of primary MLPS cells 
in promoting M2-like polarization of human monocytes in non-contact co-cultures. Figure S2. Con-
ditioned media from human monocytes co-cultured with primary MPLS cells do not modify prolif-
eration rate of MPLS cells. 
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