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of 12 cases, suggesting a possible relationship with
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Myxoid pleomorphic liposarcoma is a recently defined subtype of liposarcoma, which preferentially involves the
mediastinum of young patients and shows mixed histological features of conventional myxoid liposarcoma and pleomorphic
liposarcoma. While myxoid pleomorphic liposarcoma is known to lack the EWSR1/FUS-DDIT3 fusions characteristic of the
former, additional genetic data are limited. To further understand this tumor type, we extensively examined a series of
myxoid pleomorphic liposarcomas by fluorescence in situ hybridization (FISH), shallow whole genome sequencing (sWGS)
and genome-wide DNA methylation profiling. The 12 tumors occurred in 6 females and 6 males, ranging from 17 to 58 years
of age (mean 33 years, median 35 years), and were located in the mediastinum (n= 5), back, neck, cheek and leg, including
thigh. Histologically, all cases consisted of relatively, bland, abundantly myxoid areas with a prominent capillary vasculature,
admixed with much more cellular and less myxoid foci containing markedly pleomorphic spindled cells, numerous
pleomorphic lipoblasts and elevated mitotic activity. Using sWGS, myxoid pleomorphic liposarcomas were found to have
complex chromosomal alterations, including recurrent large chromosomal gains involving chromosomes 1, 6–8, 18–21 and
losses involving chromosomes 13, 16 and 17. Losses in chromosome 13, in particular loss in 13q14 (including RB1, RCTB2,
DLEU1, and ITM2B genes), were observed in 4 out of 8 cases analyzed. Additional FISH analyses confirmed the presence of a
monoallelic RB1 deletion in 8/12 cases. Moreover, nuclear Rb expression was deficient in all studied cases. None showed
DDIT3 gene rearrangement or MDM2 gene amplification. Using genome-wide DNA methylation profiling, myxoid
pleomorphic liposarcomas and conventional pleomorphic liposarcomas formed a common methylation cluster, which
segregated from conventional myxoid liposarcomas. While the morphologic, genetic and epigenetic characteristics of
myxoid pleomorphic liposarcoma suggest a link with conventional pleomorphic liposarcoma, its distinctive clinical features
support continued separate classification for the time being.
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INTRODUCTION
Myxoid pleomorphic liposarcoma, originally termed “pleomorphic
myxoid liposarcoma”, was first described in a large study of
liposarcomas in patients younger than 22 years by Alaggio et al.
[1]. It is defined in the most recent WHO Classification of soft
tissue and bone tumors as an “exceptionally rare, aggressive
adipocytic neoplasm, typically occurring in children and adoles-
cents which shows mixed histologic features of conventional

myxoid liposarcoma and pleomorphic liposarcoma and lacks the
gene fusions and amplifications of myxoid liposarcoma, atypical
lipomatous tumor and dedifferentiated liposarcoma” [2, 3].
Although these distinctive tumors were initially thought to most

likely represent variants of myxoid liposarcoma, genetic analyses
have shown them to be consistently negative for FUS/EWSR1-
DDIT3 fusions, the pathognomonic molecular genetic event(s) in
myxoid liposarcoma [1, 4]. Furthermore, recent work has shown
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complex findings by array comparative genomic hybridization and
inactivation of RB1, suggesting a possible link to conventional
pleomorphic liposarcoma [5, 6]. Thus, it remains unclear whether
these lesions are best considered variants of pleomorphic
liposarcoma, or a distinct entity altogether [1, 4–12].
The purpose of the present study was to analyze the

clinicopathologic and molecular genetic features of a well-
characterized cohort of myxoid pleomorphic liposarcomas,
studied with fluorescence in situ hybridization (FISH), shallow
whole genome sequencing (sWGS) and genome-wide DNA
methylation profiling, in order to better define their place in the
nosology of adipocytic neoplasms.

MATERIAL AND METHODS
Following Institutional Review Board approval (approval number/
ID B670201938578), cases meeting current criteria for myxoid
pleomorphic liposarcoma were collected from the authors’
institutional and consultation archives [3]. Cases of conventional
pleomorphic liposarcoma showing “myxofibrosarcoma-like” his-
tology were specifically excluded. The study was performed in
accordance with the Code of Conduct of the Federation of Medical
Scientific Societies in the United States of America, Belgium, the
Netherlands and Germany. Clinical data were provided by the
referring pathologists and/or clinicians.

Immunohistochemistry
Immunohistochemistry was performed on 4 µm-thick sections of
formalin-fixed, paraffin-embedded material with a Benchmark XT
immunostainer (Ventana Medical Systems, Tucson, AZ, USA).
Primary monoclonal antibodies were CD34 (1:100; QBEnd10;
Dako, Glostrup, Denmark), p16 (ready-to-use; E6H4; CINtec MTM
laboratories-Roche, Tucson, AZ, USA), Rb (1:50; G3-245; BD
Pharmingen, San Diego, CA, USA) and MDM2 (1:10; IF2; Invitrogen,
Carlsbad, CA, USA). Heat-induced epitope retrieval was performed
for CD34, p16, Rb and MDM2 using Cell Conditioning 1.
Visualization was achieved with the Ultraview Universal DAB
Detection kit (Ventana Medical Systems, Tucson, AZ, USA).
Appropriate positive and negative controls were used throughout.
Rb nuclear immunoreactivity was classified as deficient (<10% of
tumor cells with nuclear staining), heterogeneous (10–80% of
tumor cells with nuclear staining), or intact (>80% of tumor cells
with nuclear staining) [13, 14].

Fluorescence in situ hybridization (FISH)
FISH analysis for the detection of RB1, located on 13q14.2, was
performed using a ZytoLight SPEC RB1/13q12 dual-color probe
(Zytovision, Bremerhaven, Germany) with standard protocol
according to the manufacturer’s instructions. Fifty tumor cells
were visually inspected using a fluorescence microscope. The
presence or absence of the RB1 gene locus (orange signal) and of
the green signal indicating intact 13q12 region was assessed and
reported as described previously [15, 16]. A cut-off of >22% was
used to define positive FISH results. For MDM2, dual-color FISH
was performed, using MDM2 specific probes with a centromere-
specific probe for chromosome 12. FISH copy number evaluation
was performed by counting MDM2 and chromosome 12
centromere copy numbers in at least 20 nuclei within five tissue
areas. An MDM2/CEP12 ratio >2 was considered amplified for the
MDM2 gene [17, 18]. For DDIT3 (CHOP) (12q13) analysis, Vysis LSI
dual-color break-apart DNA probes (Abbott) were used according
to the description by Downs-Kelly et al. [19]. A minimum of 50
cells were scored for the presence of rearranged signals. The
interpretation of intact and split signals of DDIT3 was done based
on generally accepted guidelines by Vysis. A positive result for
DDIT3 was defined as a split of signals observed in more than 10%
of tumor cell nuclei.

Shallow whole genome sequencing (sWGS) (copy number
profiling)
Sample preparation & sequencing. From eight cases, six to ten
sections of FFPE material were used for DNA purification. The zone
with the highest percentage of tumor cells was macrodissected.
Prior to DNA purification, samples were deparaffinized using
Deparaffinization Solution (Qiagen, Hilden, Germany). DNA was
purified using the QIAamp DNA FFPE Tissue Kit (Qiagen). DNA
quantification was performed using a Qubit Fluorometer and the
Qubit dsDNA BR Assay Kit (Life Technologies, Bleiswijk, The
Netherlands). Prior to library preparation, DNA quality was
determined using the Fragment Analyzer, the High Sensitivity
Small DNA Fragment Analysis Kit and PROSize Data Analysis
Software according to the manufacturer’s instructions (Advanced
Analytical, Ankeny, Iowa, USA). 200 ng of DNA was sheared to
200 bp fragments using Covaris Adaptive Focused Acoustics
shearing process and a M220 Focused-ultrasonicator (Covaris,
Woburn, Massachusetts, USA). DNA libraries were prepared using
the NEXTflex Rapid DNA-Seq Kit and NEXTflex DNA Barcodes (Bio
Scientific, Austin, Texas, USA), starting from 128 ng of DNA.
Libraries were quantified using a Qubit Fluorometer and the Qubit
dsDNA HS Assay Kit (Life Technologies, Bleiswijk, The Netherlands).
Sample libraries were equimolarly pooled for multiplexed
sequencing, using a 50 bp single-end run on a HiSeq 3000
platform (Illumina, Essex, UK). The minimal number of reads per
sample was aimed to be 20 million.

Read mapping & deduplication. Raw reads were mapped by
Bowtie 2 against human reference genome CRCh38, using the
fast-local flag [20]. Biobambam’s bamsormadup was used to mark
duplicate reads and to sort the resulting bam files [21]. The latter
documents were indexed using SAMtools [22].

Copy number profiling and aberration calling. WisecondorX was
used to reliably deduce normalized log2-ratios from sWGS data
[23–25]. To enable an optimal technical normalization, the
software employed 181 healthy in-house reference samples,
prepared similarly as the patient samples. Other than the -binsize
argument during the newref phase, set at 100 kb, all parameters
remained default. Aberration calling was executed in accordance
with Raman et al: [23]. segments, sized two bins or more, were
seen as aberrant once they had an absolute Z-score of at least 3, as
calculated by WisecondorX, which measures healthy variability
based on the provided reference samples, ultimately enabling Z-
score calculation [24].

Genome-wide DNA methylation profiling
Samples were subjected to the Illumina Infinium MethylationEPIC
BeadChip array (Illumina, San Diego, USA) analysis at the
Genomics and Proteomics Core Facility of the German Cancer
Research Center (DKFZ) Heidelberg [26–28]. Processing of
methylation data was performed as described by Koelsche et al
[28]. Software packages used for methylation data analysis were R
version 3.4.4 (R Development Core Team, 2019), minfi Bioconduc-
tor package version 1.24.0, limma package version 3.34.5 and
Rtsne (version 0.13). DNA methylation data were normalized by
performing background correction and dye bias correction
(shifting of negative control probe mean intensity to zero and
scaling of normalization control probe mean intensity to 20,000,
respectively). Probes targeting sex chromosomes, probes contain-
ing multiple single nucleotide polymorphisms and those that
could not be uniquely mapped were removed. Human reference
genome (hg19) was used for the analysis of multi-site mapping.
Probes from the EPIC array were excluded if the predecessor
Illumina Infinium 450k BeadChip did not cover them, thereby
making data generated by both 450k and EPIC feasible for
subsequent analyses. In total, 438,370 probes were kept for
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analysis. We used t-distributed stochastic neighbor embedding
(t-SNE) analysis, a method enabling dimensionality reduction and
visualization of complex data to detect methylation clusters. The
algorithm was performed using the 20,000 most variable probes
with a perplexity of 15 and 3000 iterations. Methylation data of
pleomorphic liposarcomas (n= 9) and myxoid liposarcomas (n=
31) was used for comparison.

RESULTS
Clinical data
The 12 tumors occurred in 6 females and 6 males, ranging from 17
to 58 years of age (mean 33 years, median 35 years). The tumors
were located in the mediastinum (n= 5), back (n= 1), neck (n=
2), cheek (n= 1) and leg (n= 3), including thigh (n= 2). All the
studied specimens were either biopsies or excisional biopsies.
Follow-up information was available for 6 patients with a

median duration of 30 months (range: 14–40 months). None of the
12 patients received adjuvant (chemo)therapy. All 6 patients
developed distant metastases (lung, bone, and soft tissue) and
died of their disease within 40 months. Three of the patients also
had multiple local recurrences.

Histology
At low power magnification, the tumors showed multinodular,
diffusely infiltrative growth into the surrounding soft tissues. All
tumors had, at least in part, areas containing abundant myxoid
matrix, with a well-developed capillary vasculature and relatively
bland round to slightly spindled cells, reminiscent of conven-
tional myxoid liposarcoma (Fig. 1A). However, even in these
areas, close inspection disclosed scattered tumor cells showing a
greater degree of nuclear enlargement and irregularity than
would be expected in conventional myxoid liposarcoma (Fig. 1B).
Univacuolated and multivacuolated lipoblasts and floret-like
multinucleated cells were present (Fig. 1C and 1D). The mitotic
rate in these myxoid liposarcoma-like foci was low in all but one
case (Fig. 1D). The predominantly myxoid areas accounted for

roughly 30–50% of the tumors. In addition to these low-grade,
myxoid areas, all tumors transitioned to much more cellular and
pleomorphic sarcoma with easily identified pleomorphic lipo-
blasts, resembling conventional pleomorphic liposarcoma (Fig. 2).
Mitotic activity was greatly elevated in these areas and necrosis
was present in three cases. Other morphologic features seen in
subsets of cases included prominent fibrous septation (four
cases) and ‘lymphangioma-like’ mucin pools (four cases) (Fig. 3A
and 3B).

Immunohistochemistry
All 12 tumors showed diffuse CD34 and p16 expression, loss of
nuclear Rb expression (Fig. 3C and 3D) and were negative
for MDM2.

FISH analysis
FISH demonstrated monoallelic deletion of RB1 in 8 of 12 tumors.
None showed MDM2 amplification or rearrangement of the
DDIT3 gene.

Genome-wide copy number profiling
Genome-wide copy number profiling was performed in eight
myxoid pleomorphic liposarcomas. Complex profiles with numer-
ous extensive losses and gains (some with high-level gain/
amplifications) were a feature of all cases, with recurrent gains
involving chromosomes 1, 6–8, 18–21 and recurrent losses
involving chromosomes 13, 16 and 17. Losses in chromosome
13, in particular loss of 13q14 (including RB1, RCTB2, DLEU1 and
ITM2B genes), were observed in 4 of the 8 analyzed myxoid
pleomorphic liposarcomas (Fig. 4).

Genome-wide DNA methylation profiling
Unsupervised DNA methylation profiling was performed on 12
tumors and compared with profiles from 9 conventional pleo-
morphic liposarcomas and 31 conventional myxoid liposarcomas
by t-SNE analysis ((t-SNE) analysis) (Fig. 5). The myxoid pleomorphic
liposarcomas and conventional pleomorphic liposarcomas formed

Fig. 1 Histology of myxoid pleomorphic liposarcoma. A Abundant myxoid matrix, a well-developed capillary vasculature, lipoblasts and
relatively bland round to slightly spindled cells in myxoid liposarcoma-like tumor areas (Hematoxylin and Eosin, original magnification ×40).
B Scattered tumor cells showing more atypia and pleomorphism in myxoid liposarcoma-like tumor areas (Hematoxylin and Eosin, original
magnification ×100). C Floret-like multinucleated cells (Hematoxylin and Eosin, original magnification ×200). D Multinucleated (floret-like)
tumor cells and mitotic activity (Hematoxylin and Eosin, original magnification ×400).
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a common methylation cluster, which segregated from conven-
tional myxoid liposarcomas.

DISCUSSION
The results of the present study confirm and extend upon those
of previous investigations. In agreement with previous studies,
the natural history of myxoid pleomorphic liposarcomas
appears to be particularly aggressive, with metastases and

death from disease within 40 months in all patients with
available clinical follow-up. This could be explained at least in
part by the unusual mediastinal predilection of this rare
liposarcoma subtype, with involvement of this site in 5 of 12
patients. Interestingly, it would seem that myxoid pleomorphic
liposarcomas may also occur in older patients than has been
previously appreciated, with the patients in the present series
having a median age of 35 years, including three patients of
>50 years of age.

Fig. 2 Histology of myxoid pleomorphic liposarcoma. A, B Transition to pleomorphic liposarcoma-like tumor areas. Note the univacuolated
and multivacuolated lipoblasts in (A) (Hematoxylin and Eosin, original magnifications ×40). Pleomorphic lipoblasts (C), pleomorphic tumor
cells and mitotic activity (D) in pleomorphic liposarcoma-like tumor areas (Hematoxylin and Eosin, original magnifications ×200 and ×400).

Fig. 3 Histology of myxoid pleomorphic liposarcoma. A ‘Lymphangioma-like’ mucin pools (Hematoxylin and Eosin, original magnification
×40). B Prominent fibrous septation (Hematoxylin and Eosin, original magnification ×40). Loss of Rb expression in the myxoid liposarcoma-like
(C, original magnification ×200) and pleomorphic liposarcoma-like (D, original magnification ×200) tumor areas with intact nuclear expression
in the endothelial cells.
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Previous data on the molecular genetic features of myxoid
pleomorphic liposarcoma has been limited to small series and
isolated case reports [1, 4–6, 29–31]. As noted, DDIT3 rearrange-
ments have not been identified in these lesions, arguing against a
link to conventional myxoid liposarcoma. Studies of individual
cases, by Creytens et al. and Hofvander et al., have found mainly
whole chromosome gains of chromosomes 1, 6–8, 19–21 and X
and losses of 2–5, 10–17 and 22, including the 13q14 region with
absence of RB1 and its flanking genes [5, 6]. Our sWGS data
confirms these prior findings, with myxoid pleomorphic liposar-
comas showing complex chromosomal alterations, including
recurrent large chromosomal gains involving chromosomes 1,

6–8, 18–21 and losses involving chromosomes 13, 16 and 17.
Losses in chromosome 13, in particular loss in 13q14 (including
RB1, RCTB2, DLEU1, and ITM2B genes), were observed in 4 out of 8
cases analyzed by sWGS. Monoallelic RB1 deletion was confirmed
by FISH in 8 of 12 tumors. Moreover, nuclear Rb expression was
deficient in all cases, further emphasizing that inactivation of the
RB1 tumor suppressor gene is a consistent finding and pathogen-
etically paramount in this tumor type.
RB1 is one of the best characterized tumor suppressor genes,

with loss resulting in extensive changes of chromatin organization,
patterns of transcription, metabolic pathways and the proteome
[32]. Inactivation of RB1 has been noted in a wide variety of
human tumors, and is a feature of certain adipocytic neoplasms
including spindle cell/pleomorphic lipoma, atypical spindle cell/
pleomorphic lipomatous tumor and conventional pleomorphic
liposarcoma [12–14, 33–39]. Based on an initial haploid karyotype
in myxoid pleomorphic liposarcoma found by Hofvander et al., it
was speculated that early loss of RB1 initiates genomic instability
by allowing tumor cells to tolerate dramatic ploidy changes during
haploidization and subsequent polyploidization [6]. We postulate
that additional losses at 13q14, specifically those found in the
flanking genes RCBTB2, ITM2B and DLEU1, also encoding for
candidate tumor suppressors, might be important in tumorigen-
esis of myxoid pleomorphic liposarcoma and may lead to growth
advantage [40, 41]. The presence of other complex chromosomal
gains and losses likely contributes to the aggressive clinical
behavior of these neoplasms.
The differential diagnosis of myxoid pleomorphic liposarcoma

includes conventional myxoid liposarcoma, spindle cell/pleo-
morphic lipoma, atypical spindle cell/pleomorphic lipomatous
tumor and conventional pleomorphic liposarcoma, in particular
the myxofibrosarcoma-like variant [10]. Although conventional
myxoid liposarcoma also often occurs in young adults, and is the
most common subtype of pediatric liposarcoma, it lacks the
striking pleomorphism that defines myxoid pleomorphic liposar-
coma, and invariably harbors DDIT3 rearrangements. Extensively
myxoid spindle cell/pleomorphic lipomas and atypical spindle
cell/ pleomorphic lipomatous tumors may also mimic myxoid
pleomorphic liposarcoma, but typically present as relatively small,
more superficial masses with a predilection for the head, neck and
shoulder regions, and the limbs and limb girdles respectively,

Fig. 4 Copy number profiling of myxoid pleomorphic liposarcomas. A Copy number profile of a representative myxoid pleomorphic
liposarcoma tumor. Dots are bins for which copy number is inferred, whereas horizontal graph lines represent segments of predicted equal
copy number. The Y-axis indicates the ratio between the observed over the expected number of reads. B Overview of aberrations detected in
myxoid pleomorphic liposarcomas. The wave-like figure represents fractions of aberrant samples across the human genome. Patterns above
the y= 0 line indicate gains, whilst opposite contours represent losses (e.g., when the top of the wave is at 50%, 50% of samples have a gain
at the corresponding locus; when the bottom of the wave is at 10%, 10% of samples have a loss at the corresponding locus). The middle graph
line represents mean log2 ratio, as in (A), corresponding to the right-hand axis.

Fig. 5 Genome-wide DNA methylation profiling. t-Distributed
Stochastic Neighbor Embedding analysis. The myxoid pleomorphic
liposarcomas and conventional pleomorphic liposarcomas formed a
common methylation cluster, which segregated from conventional
myxoid liposarcomas.
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lacking tumor necrosis and the brisk mitotic activity of myxoid
pleomorphic liposarcoma. The myxofibrosarcoma-like variant of
pleomorphic liposarcoma is perhaps the most difficult to
differentiate from myxoid pleomorphic liposarcoma, and there
may be situations in which this distinction may be subjective. In
general, however, myxofibrosarcoma-like areas within conven-
tional pleomorphic liposarcomas display often an arborizing thick-
walled (rather than delicate capillary vasculature), and appear
within the overall context of a tumor resembling conventional
pleomorphic liposarcoma, either with predominantly undifferen-
tiated pleomorphic sarcoma-like histology, or less often sheets of
pleomorphic lipoblasts [42–45].
Finally, the question remains of whether myxoid pleomorphic

liposarcoma should be considered a distinct entity, as currently
classified by the WHO, or is perhaps better thought of as a variant
of conventional pleomorphic liposarcoma. From a morphologic
perspective, one could argue that these two tumors form a
continuum, with conventional pleomorphic liposarcoma at the far
end. This hypothesis is not, however, entirely satisfying, as myxoid
pleomorphic liposarcoma shows distinctive clinical features (e.g.,
frequent occurrence in pediatric patients, mediastinal predilec-
tion) and behaves in a more aggressive fashion, despite having, at
least in part, “low-grade” morphology. On the other hand, the
genetic and epigenetic features of myxoid pleomorphic liposar-
coma and conventional pleomorphic liposarcoma overlap sig-
nificantly, with both tumors showing similar complex patterns of
chromosomal gains and losses and overlapping patterns of
genome-wide methylation, suggesting that myxoid pleomorphic
liposarcomas and conventional pleomorphic liposarcomas are
(epi)genetically closely related. Even here, though, there are some
differences, as myxoid pleomorphic liposarcomas lack the
genomic complexity of conventional pleomorphic liposarcoma,
typically showing focal copy number changes, rather than large/
whole chromosomal gains and losses [9, 14, 35]. Conceivably
these differences might reflect the younger median age of
patients with myxoid pleomorphic liposarcoma.
In conclusion, the results of the present study confirm the

distinctive clinicopathologic features of myxoid pleomorphic
liposarcoma, including its unusual mediastinal predilection with
uniformly aggressive clinical behavior. Our genetic and epigenetic
results suggest a possible link with conventional pleomorphic
liposarcoma. Additional study of this very rare liposarcoma
subtype should help to further refine its place in the overall
nosology of adipocytic tumors. For the time being, myxoid
pleomorphic liposarcoma is best considered a distinct liposarcoma
subtype.

DATA AVAILABILITY
All data generated or analyzed during this study are included in this published article.
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