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Abstract: Liposarcomas are a heterogeneous group of sarcomas, including well-differentiated and dedifferentiated 
liposarcoma, myxoid/round cell liposarcoma, and pleomorphic liposarcoma. Complete surgical resection is the key 
of treatment. Radiotherapy, based on the tumor grade and the vicinity of critical structures with the tumor, can be 
used to prevent local recurrence. The group of dedifferentiated liposarcomas (DDLS) is poorly sensitive to adjuvant 
chemotherapy. Improved understanding of the genetic aberrations that lead to liposarcoma initiation is necessary 
for the development of targeted therapies to improve tumor control and survival. DDLS share genetic abnormalities 
with other groups, exhibiting high-level amplifications of chromosome 12, including the MDM2 and CDK4 genes, 
and harbor additional amplifications of chromosomes 6 and 1. Novel therapies targeted at the gene products of 
chromosome 12 are currently considered in clinical trials. Our work consisted in a genomic characterization of DDLS 
to draw up a complete picture of alterations, including genomic signatures, tumor mutation burden, gene muta-
tions, copy number variations, translocations, gene fusions and methylation modifications. Analysis of transloca-
tions helped to understand the mechanisms underlying the amplification processes. Combination of mutations and 
loss of heterozygosity or homozygous deletions were detected and led to inactivate tumor suppressor genes (TSG). 
In contrast, methylation anomalies seemed not linked to any particular genomic profile. All identified anomalies, 
whether amplifications and/or TSG inactivation, involve genes playing a role in p53 regulation, that appears to be 
the epicenter of the initiation process in DDLS tumorigenesis, as is also known to be responsible for Li-Fraumeni 
syndrome, a family cancer syndrome highly predisposing to sarcomas.
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Introduction

Sarcomas are rare malignant tumors that ex- 
pand from mesenchymal tissues. Liposarcom- 
as (LS) are usually characterized by adipocytic 
differentiation. This is the most common his- 
tologic type of soft tissue sarcomas in adults 
(25%) [1, 2]. The incidence is approximately 
1/100,000 people/year [3]. They affect all age 
groups but most frequently occur in adults sixty 
years of age and older and involve limbs, peri- 
toneal region or more rarely mediastinum [4, 5]. 

Cytogenetics and molecular features distin-
guish five different subtypes of liposarcomas, 

used for diagnostic and therapeutic mana- 
gement [6]. Well-differentiated liposarcomas 
(WDLS) and dedifferentiated liposarcomas (DD- 
LS) represent the most common group (approxi-
mately 80%). DDLS is defined by the associa-
tion of a well-differentiated liposarcoma com-
ponent and undifferentiated component which 
is most often dense or pleomorphic, or more 
rarely of a heterologous nature such as rhab- 
domyosarcoma or leiomyosarcoma. LS harbor 
common chromosomal alterations (supernu-
merary and giant chromosomes) with ampli- 
fication of the 12q14-15 region including the 
MDM2 gene, often associated with copy num-
ber change the SAS, CDK4 and HMGA2 genes. 

http://www.ajcr.us


Dedifferentiated liposarcomas and p53 inactivation

3272 Am J Cancer Res 2021;11(6):3271-3284

This MDM2 amplification can be highlighted by 
immunostaining and/or FISH analysis and is 
considered a diagnostic criterion of LS. In case 
of remaining doubt about the underlying diag-
nosis, amplification of the chromosomal region 
12q14.15 and possibly 1p32 or 6q23 provides 
definitive evidence [2]. 

More recently, Hirata et al. proposed dividing 
DDLS into three subgroups according to copy 
number variations (CNV) which identified dis-
tinct differences in the rates of disease-specific 
survival and progression-free survival. One gr- 
oup includes amplification of both 12q15 and 
1p32.1 regions, and the second group amplifi-
cation of the 12q15 region only. The smallest 
third group is more heterogeneous and exhibits 
chromosomal gains or losses mainly associat-
ed with TP53 and PI3K-AKT signaling [7, 8].

DDLS have a high risk of local recurrence (40 to 
60% depending on their anatomic location, size 
and grade) sometimes leading to unresectabil-
ity, especially in the retroperitoneum. The met-
astatic risk in LP is 15-25%. But largely depends 
on the tumor subtype. The 5-year survival is 
approximately 100% in WDLS (87% at 10 
years), 88% in myxoid sarcomas (76% at 10 
years), 56% in pleomorphic liposarcomas (39% 
at 10 years) [9] and around 60% at 5 years 
(40% at 10 years) in DDLS [10, 11].

The therapeutic approach to management of 
patients with LP is quite limited, and little prog-
ress has been made to improve overall survival 
or recurrence risk over the past few decades. 
When possible, the mainstay of treatment is 
based on complete but sometimes complex 
surgical resection. Indeed, the tumor can in- 
vade critical structures such as vessels or nerv- 
es or organs, often limiting the completeness 
of surgical resection or leading to major mor-
bidity for patients. Surgery is usually supple-
mented by adjuvant chemotherapy and/or ra- 
diotherapy to improve resectability and mini-
mize local tumor relapse. Active research is 
ongoing to identify new therapeutic targets 
based on specific and recurrent genomic anom-
alies to improve tumor control and survival. The 
most recent studies focused on overexpressed 
genes or proteins [12] but are limited by intra-
tumor heterogeneity and diversity of genomic 
profiles [9, 13, 14]. Targeted therapy mainly 
includes antagonists of MDM2 and CDK4; PP- 
ARγ ligand agonists are known to induce nor-

mal differentiation of preadipocytes in human 
liposarcoma cells with reduced immunohisto-
chemical expression of the proliferation marker 
Ki-67. Trabectedin and PI3K inhibitors are rele-
vant in myxoid liposarcoma [15]. Selinexor, a 
selective exportin 1 inhibitor, has shown prom-
ising in a phase I trial in advanced cancer 
patients with confirmed disease progression, 
including 19 with DDLS [16].

Recently, cancer research explored epigenetics. 
As DNA methylation plays an important role in 
the regulation of expression and tissue-speci-
ficity, the challenge is now to understand the 
related mechanisms in tumorigenesis as ran-
dom occurrence, environmental pressure res- 
ponse or direct consequence of oncogenic rear-
rangement [17]. It has been shown that large 
disruption of DNA methylation profiles plays a 
role in accumulation of genetic mutations [18]. 
As an example, regions of several hypomethyl-
ated megabases have been identified in colon 
and breast cancer cells [19, 20]. It has been 
suggested that these epigenetic anomalies 
might also be related to the aggressiveness. 
These observations let consider new therapeu-
tic approaches. In sarcomas, the identification 
of target genes for a specific regulatory process 
in Ewing’s sarcoma indirectly led to the devel-
opment of targeted treatments [21]. It would 
therefore be interesting to document this phe-
nomenon in LS, as it was previously explored in 
other sarcomas [22, 23].

The aim of our study was to characterize and 
combine the complete genetic and epigenetic 
profiles of human DDLS in order to identify 
potential therapeutic targets. We based our 
study on identifying mutations, CNV, transloca-
tions and methylation profiles specific to the 
tumor cells, then questioning if possible com-
mon altered pathways exist in this subtype of 
liposarcomas.

Material and methods

Material

The project was registered as a clinical res- 
earch study in the French dedicated agency 
ANSM (Agence Nationale de la Sécurité du 
Médicament) under no. RCB 2017-A02547-46 
as ongoing care. It was registered with a favor-
able recommendation by the people protection 
committee CPP Ile de France 1 on 01/18/2018 
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under no. 2017-oct-14683ND. All participants 
signed an informed consent document.

The project included 10 patients affected by 
dedifferentiated liposarcoma confirmed by his-
tological and molecular diagnosis and treated 
by primary surgery. None of these sarcoma 
patients received preoperative radiation or che-
motherapy so the tumor specimens harvested 
for molecular analysis were treatment-naïve. 
Ten control patients were selected based on 
age, gender and tumor location. Patients were 
enrolled in from the surgery departments of 
Trousseau Hospital (Centre Hospitalier Région- 
al Universitaire de Tours, France) and «Sinaï 
Health System» (Mount Sinaï hospital and the 
Lunenfeld-Tanenbaum Research Institute, To- 
ronto, Canada). Control patients were selected 
from Residence du Parc (Marseille, France) and 
AP-HM Hôpital Nord (Marseille, France) hospi-
tals, where they were admitted for prosthetic 
surgery on the hip, knee or shoulder for ar- 
throsis.

No supplementary intervention was added to 
the standard procedures in the present study.

In addition to the usual inclusion and non-inclu-
sion criteria applied for clinical research proj-
ects on adults, inclusions were not restrained 
to a specific gender but needed a complete 
clinical examination. Non-inclusion was applied 
if chronic inflammatory disease or previous per-
sonal cancer history.

For each case, tumor and adjacent but distant 
(non-inflammatory) normal fat tissues were 
selected at time of wide-resection surgery. 
Samples were stored in 2 mL of stabilization 
solution for nucleic acids Allprotect® Tissue 
Reagent (Qiagen®, France) then frozen at 
-80°C. Fat tissue was stored using the same 
conditions for controls.

Methods

Nucleic acids preparation

DNA and RNA were extracted from tissue sam-
ples using purification AllPrep DNA/RNA and 
RNeasy Lipid Tissue (Qiagen®, France) depend-
ing on the lipid content. Fragment Analyzer™ 
(Agilent, France) was used for quantification.

Targeted exome sequencing

Library preparation, exome capture, sequenc-
ing and data analysis were performed by 

IntegraGen SA (Evry, France). Genomic DNA 
was captured using Twist Human Core Exome 
Enrichment System (Twist Bioscience) and 
IntegraGen Custom, according to Gnirke et al. 
[24]. Sequence capture, enrichment and elu-
tion were performed according to the manu- 
facturer’s instruction and protocols (Twist 
Bioscience, USA) without modification except 
for library preparation performed with NEB- 
Next® Ultra II kit (New England Biolabs, Evry, 
France). For library preparation 150 ng of each 
genomic DNA were fragmented by sonication 
and purified to yield fragments of 150-200 bp. 
Paired-end adaptor oligonucleotides from the 
NEB kit were ligated on repaired, a-tailed frag-
ments then purified and enriched by 7 PCR 
cycles. 500 ng of these purified libraries were 
then hybridized to the Twist oligo probe capture 
library for 16 hours in a singleplex reaction. 
After hybridization, washing, and elution, the 
eluted fraction was PCR-amplified with 8 cycles, 
purified and quantified by QPCR to obtain suffi-
cient DNA templates for downstream applica-
tions. Each eluted-enriched DNA sample was 
then sequenced on a NovaSeq (Illumina, Evry, 
France) as paired-end 100 reads. Image an- 
alysis and base calling was performed using 
Illumina Real Time Analysis with default para- 
meters.

RNA sequencing

Libraries were prepared with NEBNext Ultra II 
Directional RNA Library Prep Kit for Illumina 
protocol according the supplier’s recommen- 
dations. Briefly the key stages of this protocol 
were successively the purification of PolyA con-
taining mRNA molecules using poly-T oligo at- 
tached magnetic beads from 1 µg total RNA 
(with the Magnetic mRNA Isolation Kit from 
NEB), a fragmentation using divalent cations 
under elevated temperature to obtain approxi-
mately 300-bp pieces, double-strand cDNA 
synthesis and finally Illumina adapters ligation 
and cDNA library amplification by PCR for se- 
quencing. Sequencing was then carried out on 
paired end 100-b reads of Illumina NovaSeq. 
Image analysis and base calling was perform- 
ed using Illumina Real Time Analysis (v3.4.4) 
with default parameters.

Methylome analysis

Methylomes were characterized on Infinium™ 
«Methylation EPIC™» 850K (Illumina, Evry, 
France) chips by IntegraGen SA (Evry, France).
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Bioinformatics analyses

DNA and RNA analyses were processed using 
the Mercury application (IntegraGen Genomi- 
cs). Comparisons of genomic profiles between 
external controls, internal controls and cases 
have been conducted. Germline and acquired 
mutations have been registered, as well as 
copy number variations (amplifications and de- 
letions/losses of heterozygosity). RNA analyses 
were used to detect translocations. Methylome 
analysis was driven by GeCo staff (Integragen, 
France). Briefly principal component analysis 
(PCA), hierarchical clustering and consensus 
clustering were applied to classify samples 
according to their genome-wide methylation 
pattern. All analyses were conducted in R sta-
tistical software.

Mutations and CNV detection

Sequence reads were mapped to the Human 
genome build (hg38) by using the Burrows-
Wheeler Aligner (BWA) tool. The duplicate reads 
(e.g., paired-end reads in which the insert DNA 
molecules have identical start and end loca-
tions in the Human genome) were removed 
(sambamba tools). Variant calling for the identi-
fication of SNVs (Single Nucleotide Variations) 
and small insertions/deletions (up to 20bp) 
were performed via the Broad Institute’s GATK 
Haplotype Caller GVCF tool (GATK3.8.1) for con-
stitutional DNA and via the Broad Institute’s 
MuTect tool (2.0, -- max_alt_alleles_in_nor-
mal_count = 2; -- max_alt_allele_in_normal_
fraction = 0.04) for somatic DNA. A Fisher’s 
Exact Test was applied after MuTect2 variant 
calling to improve filtering of variants with 
strand bias. The panel of normal (PON) is a  
type of resource which used in somatic variant 
analysis when no normal is available. To create 
this PON, we used constitutional sample cap-
tured (Agilent and Twist Technologies) and 
sequenced at Integragen and in addition, the 
PON of Broad Institute. An in-house post-pro-
cessing to filter out candidate somatic muta-
tions that are more consistent with artifacts  
or germline mutations was applied. Only the 
somatic mutations considered as PASS or t_
lod_fstar were retained, and a somatic score of 
at least 1 was added with analysis without 
PON. The somatic score was calculated for 
each mutation ranging from 1 to 30, with a 
score of 30 translating to the highest confi-
dence index. This score takes into account 

counts and the frequencies of mutated alleles 
in both samples to minimize false positive vari-
ations. Finally, mutations with a QSS score 
below 20 and a VAF of tumor < 0.02 were 
removed. An additional variant caller besides 
MuTect2 was used to rescue erroneously fil-
tered variants. More precisely, we run VarScan2 
on somatic variants indicated as clustered_
events by Mutect2 and checked if any high  
confidence variants were also identified (but 
subsequently filtered) by MuTect2. Ensembl’s 
VEP (Variant Effect Predictor, release VEP95.1) 
program processes variants for further annota-
tion. This tool annotates variants, determines 
the effect on relevant transcripts and proteins, 
and predicts the functional consequences of 
variants. It takes into account data available in 
the gnomAD, the 1000 Genomes Project and 
the Kaviar databases. Moreover, an in-house 
database enables to filter out sequencing 
artefacts.

Five bioinformatics algorithms for pathogenicity 
are available to predict the functional, molecu-
lar and phenotypic consequences of coding 
and non-coding SNPs. This includes DANN, 
FATHMM, MutationTaster, SIFT and Polyphen. 
The clinical and pathological significance from 
the ClinVar database was added. Other infor-
mation, including quality score, homozygote/
heterozygote status, count of variant allele re- 
ads, and presence of the variant in the COSMIC 
database were reported. RegulomeDB is used 
to annotate SNPs in known and predicted regu-
latory elements in the intergenic regions.

Bioconductor DNACopy package was used to 
investigate genomic copy number aberrations 
(CNA) (e.g., copy number gains and copy num-
ber losses), by comparing the normal DNA ex- 
ome data to a reference sample pool. It imple-
ments the circular binary segmentation (CBS) 
algorithm to segment DNA copy number data. 
All changes are annotated with the catalog of 
the Database of Genomic Variants (DGV) to  
provide a comprehensive summary of structur-
al variation in the human genome. Biocondu- 
ctor DNACopy package was used to investigate 
B-allele frequency (BAF) with SNPs with a fre-
quency of more than 0.1 in 1000 Genomes 
Project. It implements the circular binary seg-
mentation (CBS) algorithm to segment BAF 
data. The Advanta™ Sample ID Genotyping 
Panel is a 96-SNP assay enabling laboratories 
to generate a sample-specific genetic finger-



Dedifferentiated liposarcomas and p53 inactivation

3275 Am J Cancer Res 2021;11(6):3271-3284

print in order to confirm the identity between 
the results delivered and the DNA sample 
received. This genetic fingerprint includes 10 
quality assessment SNPs, 6 gender SNPs, 80 
exonic SNPs. At the end of the bioinformatics 
process, the genotyping results of the DNA 
sample received were compared against the 
sequencing data and a concordance score was 
calculated. This enables detection of failures in 
the sample preparation process (contamina-
tion, sample inversion, etc.) and ensures the 
concordance between the samples received 
and the results delivered.

Mutational load

The mutational load was calculated by dividing 
the number of somatic mutations by the num-
ber of bases having a depth greater than 10. 
The data come from the article Mutational het-
erogeneity in cancer and the search for new 
cancer genes [25]. “Somatic mutation frequen-
cies observed in exomes from 3,083 tumor-
normal pairs are plotted. Each dot corresponds 
to a tumor-normal pair, with vertical position 
indicating the total frequency of somatic muta-
tions in the exome. Tumor types are ordered by 
their median somatic mutation frequency, with 
the lowest frequencies (left) found in hemato-
logical and pediatric tumors, and the highest 
(right) in tumors induced by carcinogens such 
as tobacco smoke and UV light”. The somatic 
mutations used for the mutational load were 
filtered as follows: Somatic score > 3, FILTER = 
PASS, Mutated Allele Frequency in Tumor  
tissue ≥ 5%, Mutated Allele Count in Tumor  
tissue ≥ 3, Mutated Allele Frequency in Con- 
stitutional tissue < 4%, Integragen het freq ≤ 
1%, Integragen heterozygous frequency ≤ 1%, 
Integragen homozygous frequency ≤ 1% and 
EVS & 100G & Exac variant frequency ≤ 0.5% 
and consequences on protein: Stop, Start, 
Missense, Splice for the SNPs and Inframe, 
Frameshift for the indels.

Microsatellite analysis

The MSIsensor software with default filters was 
used to detect variants in microsatellite regions 
and annotate them as germline or somatic. The 
microsatellite instability threshold is 3.5% (11% 
in the case of PON analysis) according to 
Beifang Niu et al. [26].

Mutational signature

Mutational signatures are displayed on the 
basis of the trinucleotide frequency of the hu- 
man genome [27]. Asterisk indicates mutation 
type exceeding 20%. The somatic mutations 
used for the signature were filtered as follows: 
Somatic score > 3, FILTER = PASS, Mutated 
Allele Frequency in Tumor tissue ≥ 5%, Mutated 
Allele Count in Tumor tissue ≥ 3, Mutated Alle- 
le Frequency in Constitutional tissue < 4%, 
Integragen heterozygous frequency ≤ 1%, 
Integragen homozygous frequency ≤ 1% and 
EVS & 100G & Exac variant frequency ≤ 0.5%.

Methylation level

Methylation levels (beta-values) and statistics 
were exported with Genome Studio software. 
Data points with a detection p-value > 0.05 
were masked. We filtered out all positions with 
a common polymorphism (minor allele frequen-
cy > 0.05) less than 2 bases away from the  
CpG or a detection p-value > 0.05 for more 
than 20% of samples.

Signal integration by feature

Methylation rates were integrated across CpG 
island (CGI)-based and gene-based features 
using custom scripts. CGI-based features were 
defined as follows: CpG islands (from UCSC 
database hg19/GRCh37), shores (2 kb on each 
side of the island) and shelves (2 Kb outside 
the shores). Gene-based features were defined 
based on Ensembl homo sapiens GRCh37.p13 
assembly. We calculated for each gene the 
methylation rate across the promoter region 
(TSS ± 500 bp) and the gene body. 

Unsupervised classification

We selected the 5000 most variant autosomal 
CpG sites (based on standard deviation of 
beta-values) to perform principal component 
analysis (PCA), hierarchical clustering and con-
sensus clustering to classify samples accord-
ing to their genome-wide methylation pattern. 
All analyses were conducted in R statistical 
software. We used standard R functions to  
perform the PCA and hierarchical clustering 
(with Euclidean distance and Ward method). 
We used consensus clustering (Bioconductor 
ConsensusClusterPlus package) to examine 
the stability of the clusters. 
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Differential methylation analysis

We only tested positions with a minimum detec-
tion p-value below 0.01 to improve the statisti-
cal power of the analysis. We used a Wilcoxon 
test to assess for differential methylation. 
P-values were corrected for multiple testing 
using Benjamini-Hochberg procedure. We app- 
lied a q-value threshold of ≤ 0.05 (0.25 for 
paired samples) and a minimum delta fold 
change of 0.05 to define differentially methyl-
ated positions. Gene-based and CGI-based se- 
gmentation of the data was done as in “signal 
integration by feature” analysis.

Pathway enrichment analysis

We used hypergeometric tests to identify gene 
sets from the MSigDB v7.0 database overrepre-
sented among the lists of up- or down-regulat-
ed genes, correcting for multiple testing with 
the Benjamini-Hochberg procedure.

Results

Samples

Cases were defined as tumor samples resected 
from 10 DDLS patients, and each was paired to 
an adjacent but distant sample of fat tissue 
which served as an internal control, as well as 
normal fat tissue from patients undergoing 
prosthetic surgery for arthrosis which served as 
external controls, with matching based on gen-
der, age (± 6 years), and anatomic tumor lo- 
cation (Table 1). Good quality and sufficient 
amount of DNA was obtained for all samples, 
but only 6 RNAs were suitable for transcrip- 
tomic analysis. Exomic and adjacent splicing 
regions of germline and tumor DNA samples 
were captured then paired-end sequenced at 

50× and tumor DNA at 250× depth respectively 
with a coverage higher than 98%; mRNAs were 
captured, and 40.106 paired-end sequences 
were generated.

Mutations analysis

Tumor signatures, mutational burden (TMB) 
and single nucleotide variants (SNV) are listed 
in Table 2. Three signatures were observed: 1 
in all cases but 6T; in addition, cases 2T, 4T and 
6T harbored signature 15, and 2T also dis-
played signature 6. TMB ranged from 0,11 to 
1,48 mutations per megabase. A total of 14 
SNV with a variation allelic fraction (VAF) from 3 
to 81% were retained, including 9 of functional 
class-4 or -5 according to the ACMG classifica-
tion [28]. The remaining 5 SNV were of unknown 
functional significance (class-3). None of these 
variations were observed in the germline. An 
incidental germline mutation in the GLA gene 
was found in one case (data not shown).

Copy number variations (CNV)

Comparative genomic hybridization was used 
to detect amplifications and deletions. Dele- 
tions were observed in all cases. Cases 3T, 6T, 
7T and 9T did not involve genes known to play 
a role in tumorigenesis, so are not listed in 
Table 3A. In other cases, heterozygous and 
homozygous deletions in known cancer-caus-
ing genes are shown in Table 3A. Amplificati- 
ons of over 7 copies were considered as signifi-
cant, as well as deletions involving more than 
0.5 copy of each scored locus. Seven of 10 
cases harbored amplified regions, mainly on 
chromosomal regions 1q21-24 (4T, 8T, 9T and 
10T), 6p12 (3T), 6p21 (3T and 8T), 6q16 and 
6q22-q24 (10T), 6q25-q27 (9T) and 12q13-

Table 1. Demographic characteristics of DDLS patients and external controls
DDLP case Gender Age Tumor localization External control Age Localization
1T M 66 deltoid 2 65 shoulder
2T F 48 proximal thigh 6 45 lower limb
3T M 59 calf 3 52 lower limb
4T M 70 distal psoas 5 66 lower limb
5T M 68 left forearm 1 67 upper limb
6T F 65 right posterior thigh 9 71 lower limb
7T F 62 left thigh 8 64 lower limb
8T M 69 right hip 10 64 lower limb
9T M 74 proximal thigh 7 80 lower limb
10T M 72 left thigh 4 68 hip
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Table 2. Mutations analysis
Case Signature 1 Other TMB Gene Locus Mutation VAF
1T 82% 6 (24%) 0,73 KIAA1549 7q34 c.2967+1G > A 7%

15 (21%) PAX3 2q36.1 c.923C > T 38%
TRAF7 16p13.3 c.1676G > T 32%

2T 29% 0,84 BRCA2 13q13.1 c.8953+5G > A 17%
3T 94% 0,94 ARID3A 19p13.3 c.1650del 5%

CEP39 19q13.11 c.499_517del 5%
4T 49% 15 (45%) 0,59 NCOR2 12q24.31 c.1494_1496dup 3%

KMT2C 7q36.1 c.2476G > T 17%
5T 86% 0,82 TP53 17p13.1 c.473G > T 81%

ATRX Xq21.1 c.1023C > A 79%
6T - 15 (96%) 0,11
7T 84% 0,34 PCLO 7q21 c.6524C > T 17%
8T 100% 0,68 MDM2 12q15 c.1157_1158ins 13%
9T 78% 1,48 RHEB 7q36.1 c.192+2T > A 10%
10T 87% 0,69 TRIM24 7q33.34 c.835G > T 41%
Genomic signatures were established according to Alexandrov et al. (26). TMB value is the number of variations per Mega-
base. In bold characters are represented class-4 and class-5 variations.

Table 3A. Genomic deletions
Case Region Genes
1T 9p21.3 CDKN2A/2B

17p13 TP53
17q11.2 NF1
3q21-22 GATA2

2T Xq23-28 XIAP, SMARCA1, SH21A, ELF4, DUSP9, MTCP1
4T 1q21.2 PDE4DIP

19p13.3 ARID3A, DOT1L, GADD45B, SH3GL1, STK11, TCF3…
5T 1q32.1 -

1q42.3-q44 AKT3, FH, SMYD3
2q22.1 LRP1B

5q33.3-34 ITK, GABRA6
5q35 -

13q14.2 CYSLTR2, RB1, SETDB2
15q23 PKM
17q12 -

6T 20q13 PTPRT
8T 13q12.11-q34 LCP1, FOXO1, BRCA2, RB1, SERP2, FLT1/3, ZMYM2, KLF5...

21q22 ERG
10T 1q25.3 -

2q22.1 LRP1B
4q13.1-q13.2 EPHA5
4q34.1-q34.3 VEGFC

15q15.3 -
16p11.2 FUS, PRSS8
20q13 NFATC2, PTPN1, SALL4, ZNF217
Xp22 ASMTL, CRFL2, P2RY8

Homozygous deletions are represented in bold characters.
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q15 and 12q21-q23 encompassing MDM2, 
CDK4 and HGMA2 genes (all cases except 1T, 
5T and 6T) (Table 3B).

Translocations

Five of six RNAs exhibited abnormal fusions, 
mainly involving regions 12q21 (2T, 8T, 9T and 
10T) and 12q13-q15 (8T, 9T and 10T). Other 
unique fusions were observed in regions 1q24, 
3p21, 6q25, 8q23, 10p12 and 17p13. Each of 

these fusions are predicted to lead to truncat-
ed proteins with impaired function (Table 4).

Methylation level

Internal and external controls showed similar 
methylation profiles, independently of gender, 
age and location of the fat tissue sample.

Four different profiles were defined: 1T, 3T, 5T 
and 9T exhibited hypomethylation; 4T a moder-
ate hypermethylation, and 2T, 8T and 10T a 
true hypermethylation; 6T and 7T harbored a 
profile similar to that of normal tissues. Hy- 
permethylation involved preferentially CpG is- 
lands and shore regions, while hypomethyla- 
tion was mainly observed in shelves and out-
CpG regions.

Table 5 summarizes the genetic alterations 
observed in the 10 DDLS tumors analyzed in 
the study.

Discussion

Sarcomas are a very heterogeneous group of 
mesenchymal malignancies, due to their large 
number of histological subtypes but also be- 
cause of their diverse genetic classifications. 
For example, sarcomas can be categorized into 

Table 3B. Genomic amplifications over 7 copies
Case Chromosome 1 Chromosome 6 Chromosome 12 Others
2T NAKA, NAB2, STAT6

DDIT3, GLI1, CDK4
HMGA2, MDM2
PTPRB, FRS2

3T HMGA1, CCND3 KMT2D, WNT1, CDK4 2q31
NFKBIE, HSP90AB MDM2, PTPRB, FRS2

4T BCL9, HIST2H3C/D HDAC7, CDK4, MDM2 16q22
ARNT, SETDB1, FCRL4 HMGA2, BTG1
NCSTN, PRRX1, NUF2

7T HMGA2, PTPRB, FRS2
BTG1

8T HIST2H3D CCND3, CDKN1A HOXC11/13, SMARCC2 3p14
PIM1, TFEB CDK4, HMGA2, TBK1 3p21

MDM2, FRS2, ACVR1B 17p11-13
9T PDE4DIP, SDHC IGF2R, PRKN B4GALNT1, CDK4

FCGR2B AFDN, FGFR1OP HMGA2, WIF1 8q23
MDM2, FRS2 CSMD3

10T SGK1 DDIT3, GLI1 9q21
B4GALNT1, CDK4
HMGA2, MDM2

15 to 24-fold and ≥ 25-fold amplifications in bold and bold underlined characters respectively.

Table 4. Gene fusions
Case Fusions Position
3T ARID1B-LIN7A t(6;12)(q25.3;q21.31)
5T DNAJC1-NEBL t(10;10)(p12.31;12.31)
8T TSPAN8-MDM1 t(12;12)(q21.1;q15)

MYHAS-HOXC11 t(17;12)(p13.1;q13.13)
SETD2-TMEM5 t(3;12)(p21.31;q14.2)

9T CTDSP2-CSMD3 t(12;8)(q14.1;q23.3)
CSMD3-ZFC3H1 t(8;12)(q23.3;q21.1)
CSMD3-DNM3OS t(8;1)(q23.3;q24.3)
CSMD3-PSMB1 t(8;6)(q23.3;q27)

10T RAP1B-TPH2 t(12;12)(q15;q21.1)
Genes located in 12q21 and 12q13-q15 are in bold 
and underlined characters respectively. All fusions are 
predicted to lead to a frameshift and the synthesis of a 
truncated protein.
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tumors with simple cytogenetic changes (one 
or few recurrent chromosomal alterations used 
in diagnostics, an example being the case of 
liposarcomas) or complex changes not driven 
by an identifiable specific genetic alteration 
(frequently involving common tumor suppres-
sor genes like TP53 or RB transcriptional core-
pressors). Sarcoma oncogenesis remains un- 
clear for these reasons and our study was 
designed to focus on DDLS, a very specific and 
complex clinical entity, in an attempt to high-
light new genetic networks.

Genomic signature, tumor mutational burden 
and somatic mutations

Signature 1 is reported in all types of can- 
cer, thus it appears as not specific to a type, 
tissue or localization. It results from various 
spontaneous processes of oxidative deamina-
tion of methylated cytosines. This signature 
was identified in all cases but one (6T) in our 
study. The most frequent substitution in DDLS 
is therefore C > T. This signature’s rate is re- 
ported to be correlated with age at diagnosis, 
as observed in our series, the lowest rate being 
found for the youngest patient 2T (Table 2).

Signature 15 was also observed in cases 2T,  
4T and 6T. It is found mainly in gastric and  
small cell lung cancers, in association with a 
DNA-mismatch repair anomaly. Case 2T also 
exhibits signature 6 that can be found in 17 
different types of cancer but is most com- 
mon in colorectal and uterine carcinomas. This 

signature is also associated with a failure to 
repair DNA mismatches, so is mainly found in 
tumors with microsatellite instability [27].

The TMB, a biomarker used for therapeutic 
decision-making related to immunotherapy 
[29], was less than 1 mut/Mb in 9 cases and 
less than 1.5 mut/Mb in case 9T, indicating 
that DDLS carry a small number of mutations 
relative to other cancers. This might appear as 
contradictory in tumors with a signature relat- 
ed to a DNA-mismatch repair defect. However, 
genomic signatures have been established 
based on mutation types and their relative fre-
quencies only, i.e. on a small number of muta-
tions. Therefore, signatures 15 and 6 that we- 
re observed in 3 cases in our study might not 
reflect a complete defect of the DNA mismatch 
repair system. 

Pathogenic SNVs were identified in all cases 
except 6T. Mutations in TP53 (case 5T), ATRX 
(case 5T) and PCLO (case 7T) genes have been 
described in at least 5% of DDLS [7]. Mutations 
found in other genes were not previously report-
ed to our knowledge. No recurrent mutation 
was observed, indicating that DDLS results 
from an accumulation of genomic events not 
related only to a specific initiating anomaly.

Gene amplifications

Amplified regions were detected in 7 cases. 
Chromosome 1 region encompassed the HIST- 
2H3D gene in 2 of the 4 corresponding cases. 

Table 5. Summary of genetic alterations identified in the 10 DDLS
Case Signature 1a Amplifb LOHc (Homozygous) Mutation Translocd Mitotic scoree Meth
6T - - L - - 0 0-1 N
7T ++ 12 L - - nd 2 N
3T ++ 6, 12 L - ARID3A 1 3 L
9T ++ 1, 6, 8, 12 L - RHEB 4 1 L
1T ++ - H (NF1) + nd 1 L

(CDKN2A/B)
5T ++ - H (RB1) TP53, ATRX 1 7 L
4T + 1, 12, 16 M - NCOR2 nd 1 M
2T + 12 M - BRCA2 nd 9 H
8T ++ 1, 6, 12 M - MDM2 3 6 H
10T ++ 6, 12 H (LRP1B) - 1 8 H
Results have been sorted according to ascending methylation level: normal (N), low (L), moderate (M), high (H). athe signature 
1 characterizing more than 50% of mutations is scored ++, 1 to 50% + and 0% -. bamplified regions are mentioned according 
the involved chromosomes; cthe LOH level is defined as high > 5 (H), moderate [2;5] (M) and low ≤ 1 (L); dgives the number 
of translocations found in each tumor; ethe mitotic score is evaluated as the number of mitoses observed for 10 high-power 
fields.
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Similarly, the CCND3 gene was included in the 
chromosome 6 amplified region in 2 of 4  
cases. Amplification of a chromosome 12 
region included HGMA2 in all cases except 3T 
(that amplified HGMA1), CDK4 and MDM2 in  
all cases except 7T. Expression of CDK4 and 
MDM2 have been reported to be essential for 
the development of liposarcoma cell lines in 
vitro. Amplification of the 12q13-15 region mi- 
ght thus play a role in the initiation of liposar-
coma tumorigenesis [7], suggesting a possible 
therapeutic benefit of MDM2 and CDK4 antag-
onists [15], presently in preclinical evaluation 
as well as in clinical trials.

RNA analysis revealed that fusions systemati-
cally involved amplified regions (Tables 3B and 
4): i) the 12q13-15 and 12q21 regions are 
amplified in 6 of 7 cases; ii) the 17p13.1 and 
3p21.31 regions are amplified in case 8T; iii) 
the TSPAN8-MDM1 (case 8T) and RAP1B-TPH2 
(case 10T) fusions associate the 12q15 and 
12q21 regions, i.e. the two most frequently 
amplified regions; iv) finally, four fusions were 
detected in case 9T, all involving the CSMD3 
gene located in 8q23.3, amplified in this tumor 
and fused with the 12q14.1, 12q21.1, 1q24.3 
and 6q27 regions, also amplified in this tumor. 
This gene is known to be involved in dendritic 
cell development and has not previously been 
described to play a role in the development of 
DDLS [30].

A recent study on liposarcoma reported a 
detailed characterization of observed fusions 
including the corresponding genes and their 
putative functional consequences [7]. However, 
we observed several translocations in each 
amplified region, some involving genes not 
known to have a specific role in tumorigenesis 
(CSMD3 as an example). This observation does 
not suggest a specific causative link. Although 
recurrent translocations have been described 
as pivotal in certain tumor processes, including 
sarcomas, the translocations observed in this 
study of DDLS are neither recurrent nor specif-
ic. Therefore, they seem more likely to play a 
role in initiation of the amplification process 
rather than having a specific functional role in 
the tumorigenesis of DDLS. This hypothesis 
has also been studied by Bianchi et al. [31] who 
reported it as a rare event in a poorly differen- 
tiated synovial sarcoma [32]. On the contrary, 
amplifications promoted by prior fusions seem 

to be a frequent mechanism in DDLS. In con-
trast, case 5T exhibits a unique translocation of 
chromosome 10, probably an inversion, respon-
sible for premature disruption of the NEBL 
gene’s reading frame.

Loss of heterozygosity

Three different levels of LOH were noticed: high 
in cases 1T, 5T, 10T, moderate in 2T, 4T, 8T and 
low in 3T, 6T, 7T, 9T (Table 3A). Recurrent LOHs 
have been reported in DDLS including the NF1 
(28%), CDKN2A and CDKN2B (44%) genes [8]. 
In our series, NF1 was lost in cases 1T and 5T, 
and CDKN2A/CDKN2B in cases 1T, 5T and 10T. 
Case 1T harbored a homozygous deletion of 
these 3 tumor suppressor genes. RB1 and 
BRCA2 LOH have also been found in 60% of 
DDLS [33]. They were lost in cases 1T, 2T, 5T 
and 8T. In case 5T, both alleles of the RB1 ge- 
ne were deleted, and inactivation of the BRCA2 
gene by mutation and deletion was observed  
in case 2T. Finally, case 4T presented a single 
interstitial LOH on chromosome 19p, including 
several genes such as STK11 and ARID3A. A 
mutation of ARID3A was also observed in case 
3T. All these genes, in addition to frequent 
somatic mutations in various types of cancers, 
are involved in cancer predisposition when 
mutated in the germ line. The pRB protein has 
been identified as playing a role in the dedif-
ferentiation of LPS via RB1 gene alteration or 
interaction with CDK4 and MDM2. In the same 
way, pRB has been shown to promote adipo-
cyte differentiation by increasing DNA binding 
by C/EBPβ transactivation and/or by inhibiting 
Ras signaling [33], thus identifying another 
potential route to develop targeted therapy.

Methylation level

Methylation variations appear to be indepen-
dent of age, sex and tumor location. However, 
hypermethylated tumors have a greater ten-
dency to proliferate than hypomethylated tu- 
mors (Table 5). Furthermore, tumors can be 
divided in 3 groups: i) hypomethylation amplifi-
cations (cases 3T, 9T and 7T); ii) hypomethyl-
ation and LOH (cases 1T and 5T); iii) hyper-
methylation, amplifications and LOH (cases 4T, 
2T, 8T and 10T). No specificity was observed 
related to the clinical issue of patients.

Case 6T did not show any mutation or amplifi-
cation, and a unique interstitial LOH of the 
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20q13 region. This region contains the PTPRT 
gene, tyrosine phosphatase from the Rho fam-
ily of proteins, recently described as mutated  
in several types of cancer [34]. Clinically, it was 
the only case diagnosed at a very early stage, 
with no necrosis, no active proliferation, no 
recurrence after surgical treatment. This obser-
vation reinforces the previous reports of gene- 
tically stable tumors as being less clinically 
aggressive [35-38].

Our work did not reveal any specific genetic 
alteration linked to clinical outcomes, although 
this may be due to the small number of patients 
enrolled in this series. Furthermore, we cannot 
exclude a role of the microenvironment besides 
the usually aggressive behavior of dedifferenti-
ated sarcomas.

In summary, this study showed that DDLS ex- 
hibits a diverse pattern of genomic and meth-
ylation profiles. Amplification is the most fre-
quent alteration, that probably occurs conse- 
cutively to chromosome fusions. Cases 1T and 
5T did not harbor amplifications but instead 

tions converge on the hypothesis that dere- 
gulation of the p53 protein appears to be the 
key element controlling proliferation in DDLS 
(Figure 1). The different amplifications over-
activate mechanisms blocking the normal func-
tions of p53, such as its degradation in the  
proteasome via MDM2-mediated ubiquitina-
tion and cell growth mediated by CDK4 and 
HMGA2. The LOHs in combination with somatic 
mutations contribute to inactivate tumor sup-
pressor genes (NF1, RB1, BRCA2, CDKN2A) 
also involved in p53 regulation. To reinforce 
this primary hypothesis on a recurrent indirect 
mechanism of p53 inactivation in DDLS tumori-
genesis, we are currently elaborating on defin-
ing a biomathematics model of genetic interac-
tions. This model would help to understand  
the many biological processes and identify  
the best targets which would be able to modify 
the network and could be further tested in in 
vitro models. This model also might allow 
insight into the mechanisms of tumorigenesis 
in Li-Fraumeni syndrome, associated with ger- 
mline TP53 mutations and a high predisposi-
tion to cancers including sarcomas.

Figure 1. STRING interactions of proteins altered in DDLS. All proteins show-
ing an alteration in the series of 10 DDLS were entered in a STRING request 
that returned a homogeneous network focused on p53 control.

numerous deletions and mu- 
tations of tumor suppressor 
genes, which could be an al- 
ternative mechanism of tumor-
igenesis. From these observa-
tions, therapeutic hypotheses 
can be considered. The most 
frequent anomaly is the am- 
plification of chromosome 12, 
involving the CDK4, MDM2 
and/or HMGA2 genes, MDM2 
and HMGA2 showing the hi- 
ghest levels of amplification. 
Suppression of HMGA2 by an- 
tisense RNAs could thus be 
tested in vitro as a potential 
target for DDLS. In atypical 
lipomatous tumors, this treat-
ment is able to inhibit cell gr- 
owth in vitro and to induce 
apoptosis in neoplastic cells 
overexpressing HMGA2 [39]. 
Inhibition of MDM2 could also 
be considered by targeting  
the pathway of proteasome de- 
gradation by ubiquitination in 
order to maintain normal p53 
activity [40]. These observa-
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