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Therapeutic progress in well-differentiated/dedifferentiated liposarcoma (WDLPS/DDLPS) is hampered by lack of relevant
experimental models, thereby limiting comprehensive molecularly based investigations. Our goal is to bridge this
experimental gap by establishing and characterizing an in vitro/in vivo model useful for examining WDLPS/DDLPS
molecular pathogenesis and also therapeutic screening and testing. WDLPS/DDLPS cells were isolated from freshly
resected human surgical specimens and were phenotypically and molecularly characterized. MDM2 amplification was
determined via FISH analysis. Adipogenic differentiation was evaluated using Oil Red O staining and western blotting
(WB). Tyrosine kinase receptors’ (TKRs) expression in pre-adipocytes, adipocytes, WDLPS, and DDLPS cells was determined
via western blot analysis. SCID mouse xenograft growth was assessed after subcutaneous and/or intraperitoneal tumor
cell injection. There was enhanced proliferation, migration, invasion, survival, and pro-angiogenic capacity in DDLPS cells
vs WDLPS cells. DDLPS cells formed tumors in SCID mice whereas WDLPS did not. WDLPS/DDLPS cells, especially those
that exhibited baseline PPARg expression, partially retained terminal adipogenic differentiation capacity. MDM2 ampli-
fication was found in all WDLPS/DDLPS cell strains, CDK4 overexpression was observed in LPS cells as compared with
normal adipocytes, and enhanced JUN expression and phosphorylation was seen in DDLPS cells as compared with WDLPS
cells. The TKRs: MET, AXL, KIT, and IGF-1R were overexpressed in LPS cells vs normal adipocytes and pre-adipocytes.
In conclusion, these newly established cellular and xenograft models can facilitate investigation of liposarcomagenesis,
dedifferentiation, and tumor progression. Further studies of the molecular deregulations so identified may lead to
improved therapeutic strategies for patients afflicted by these unfavorable malignancies.
Laboratory Investigation (2011) 91, 392–403; doi:10.1038/labinvest.2010.185; published online 8 November 2010

KEYWORDS: adipogenesis; dedifferentiated liposarcoma; preclinical experimental model; targeted therapy; tyrosine kinase receptors;
well-differentiated liposarcoma

The adipogenic-origin well-differentiated and dediffer-
entiated liposarcoma (WDLPS and DDLPS) together con-
stitute the most common soft tissue sarcoma histological
subtypes.1 WDLPS is a non-metastasizing tumor that often
recurs after surgical resection.1,2 These tumors can develop
within any deep-seated bodily location, yet demonstrate a
predilection for the retroperitoneum, where repeated
recurrences are highly morbid and even fatal. DDLPS,

originally described by Evans in 1979,3 is a biphasic tumor
consisting of a WDLPS component juxtaposed to either
a high-grade undifferentiated sarcoma with malignant
fibrous histiocytoma or fibrosarcoma-like features or with
a lower-grade sarcoma having the appearance of myxofi-
brosarcoma.1,4,5 About 90% of DDLPS are diagnosed as a
component of a primary presenting lesion, whereas 10% are
identified in the context of a recurrent tumor.6,7 DDLPS are
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significantly more aggressive than pure WDLPS, exhibiting a
local recurrence rate of 480%, a distant metastasis rate of
up to 20%, and a five-year disease-specific survival rate of
40–60% despite an aggressive surgical approach combined
with systemic chemotherapy.8 It is currently unresolved
whether WDLPS and DDLPS comprise a disease continuum
where dedifferentiation is a time-dependent phenomenon or
alternatively whether these are two distinct and separate
malignancies arising in different adipogenic-lineage cells of
origin that share certain common molecular aberrations.9,10

Intriguing as a molecular question, resolving this debate also
has significant clinical implications that will better inform
therapeutic decision making in this disease. Whatever the
resolution of this controversy, it is unequivocally certain
that current therapeutic approaches for either WDLPS or
DDLPS are insufficient given the marked rates of disease- and
treatment-related morbidity and mortality. A better under-
standing of the molecular forces driving liposarcomagenesis,
tumor progression, and dedifferentiation is necessary
in order to develop more effective anti-LPS therapeutic
strategies.

Over the past several decades, several molecular aberra-
tions unique to WDLPS/DDLPS have been identified. It is
now known that these tumors contain supernumerary ring
chromosomes and/or giant marker chromosomes composed
(exclusively or partially) of amplified genomic sequences
derived from chromosome 12q13–q15.11 Overexpression
of genes included in this interval (eg MDM2 and CDK4 and
their cognate protein products) has been extensively vali-
dated, enhancing current LPS diagnostic paradigms;12

furthermore, a role for these proteins in tumorigenesis has
been suggested.13,14 With the advent of high-throughput,
high-resolution techniques such as array CGH and cDNA
expression profiling, a growing number of potential LPS-
associated molecular deregulations have been recently iden-
tified in frozen or paraffin-embedded tumor specimens.15–17

Translating these tissue-based observations into mechan-
istically driven molecular biology insights leading to
preclinical studies that can impact patient management is the
crucially needed next step. Towards that end, reproducible
WDLPS/DDLPS experimental models recapitulating the
clinical behavior of these unique malignancies in vitro
and in vivo are essential, and their paucity has been a major
limitation to incisive and comprehensive LPS-dedicated
research. Illustrative of this fundamental lack of relevant
LPS research resources, the most widely utilized comm-
ercially available human LPS cell line is SW872 (ATCC),
which lacks MDM2 amplification, a hallmark of LPS
tumors.18

The goal of the current study was to bridge the above
experimental gap by (1) establishing a model of LPS useful
for WDLPS and DDLPS molecular pathogenesis studies and
for in vitro/in vivo screening and testing of novel, potentially
efficacious therapeutics; (2) identifying functional differences
between WDLPS and DDLPS; and (3) determining common,

therapeutically targetable, WDLPS/DDLPS tyrosine kinase
receptor (TKR) deregulations.

MATERIALS AND METHODS
Cell Lines/Strains and Reagents
The previously established human DDLPS cell line LPS141
was kindly provided by Dr Jonathan Fletcher (Brigham and
Women’s Hospital, Boston, MA, USA19) human dermal mi-
crovascular endothelial cells and human white pre-adipocytes
(HWP) primary cultures were purchased from PromoCell
(Heidelberg, Germany). Human umbilical vein endothelial
cells (HUVECs) were purchased from ATCC. HWP were
differentiated into adipocytes per company’s instructions
using a commercial pre-adipocyte differentiation media
(DM) (serum-free media containing: insulin, dexametha-
sone, IBMX, L-thyroxine, ciglitazone, and heparin) and adi-
pocyte nutrition media (3% FCS supplemented media
containing: insulin, dexamethasone, and IBMX). Adipogenic
differentiation was confirmed via Oil red O staining as
previously described.20

Liposarcoma cells isolation
This procedure was conducted with the approval from
the Institutional Review Board at The University of Texas
M.D. Anderson Cancer Center and patient’s informed
consent. Tumor cell isolation was conducted as previously
described.21 Briefly, fresh sterile samples from surgically
resected tumors were minced in culture medium and then
digested via incubation with collagenase type I (3%), DNase I
(0.02%), and hyaluronidase (1.5mg/ml) at 37 1C for 2–4 h.
The sample was strained through a wire mesh screen, and
undigested tissue was discarded. After centrifugation, washes,
and resuspension in PBS, the sample was gently transferred
to Histopaque tubes containing 10ml Histopaque (100%;
Sigma) overlayed with 15ml of Histopaque (75%). The tubes
were then centrifuged at 40 1C for 30min at 1200 g. After
centrifugation, tumor cells located in the top interface (over
the 75% Ficoll) were collected and plated (high fat containing
cells have been discarded). Cells were cultured and passaged
in DMEM supplemented with glucose and 10% FBS.

Commercially available antibodies were used for immuno-
precipitation, western blotting (WB) analysis, or immuno-
histochemical detection of: CEBPa, PPARg, phospho-JUN,
JUN, CDK4, MET, AXL, HER-2, RET, PDGFRA, PDGFRB
(Cell Signaling, Beverly, MA, USA); Ki-67 (Dako, Carpen-
teria, CA, USA); CD31 (PharMingen, San Diego, CA, USA);
EGFR, ROR2, IGF-Ira, and b-actin (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA); and KIT (Stressgen, Ann Arbor,
MI, USA).

MDM2 FISH Analysis
FISH was performed on fixed cultured cells and FFPE tissues
with a laboratory-developed BAC label probe cocktail using
BAC clones; RP11-185H13, RP11-450G15, RP11-816C9,
RP11-630N19, RP11-717F7, RP11-1104N20 and RP11-
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426B12, purchased from the Children’s Hospital Oakland
research Institute, Oakland, CA, USA, specific for the 12q15
region (Spectrum orange) and a probe specific for the cen-
tromeric region of chromosome 12 (spectrum green; Abbott
Molecular, DesPlaines, IL, USA), as previously described.22

A minimum of 100 nuclei per slide were analyzed. The
average number of MDM2 and CEP12 signals was then
determined and a MDM2/CEP12 ratio was calculated for
each case. A ratio Z2 was considered amplified for the
MDM2 gene, whereas a ratio o2.0 was considered non-
amplified. A ratio of o2.0 with 42 signals of both probes
was considered polysomic for CEP12. The established
DDLPS cell line LPS-141 and normal adipocytes were used
as positive and negative controls, respectively.

Short Tandem Repeat DNA Fingerprinting
DNA fingerprinting was done on cultured cells and their
tumor of origin as previously described.21

Western Blot Analysis and Immunoprecipitation
Western blot analysis was performed by standard methods.
Briefly, 25–50 mg of proteins extracted from cultured
cells were separated by SDS–PAGE and transferred onto
nitrocellulose membranes. Membranes were blocked with
milk or BSA and blotted with relevant antibodies. HRP-
conjugated secondary antibodies were detected by enhanced
chemiluminescence (Amersham Biosciences, Pittsburgh,
PA, USA). For immunoprecipitation, protein lysates
(500–1000 mg) prepared from cultured cells were used.
Immunocomplex pull down was achieved via overnight
incubation of protein lysates with relevant antibodies bound
to protein G Sepharose beads (GE Healthcare) at 4 1C. After
careful washing, loading buffer (Bio-Rad) was added, and the
samples were boiled at 100 1C for 6min. Coimmunopreci-
pitated proteins were then subjected to WB as described
above.

Growth Assays
MTS assays
MTS assays were conducted using CellTiter96 Aqueous
Non-Radioactive Cell Proliferation Assay kit (Promega,
Madison, WI, USA), as per the manufacturer’s instructions.
Absorbance was measured at a wavelength of 490 nm, and the
absorbance values of treated cells are presented as a percen-
tage of the absorbance of untreated cells.

Colony formation assay
One hundred viable cells per well were plated and allowed to
grow in normal medium for 10 days and then stained for
30min at room temperature with a 6% glutaraldehyde, 0.5%
crystal violet solution. Pictures were captured digitally and
colonies were counted. Anchorage-independent growth:
1� 103 viable cells were plated in a 24-well plate in culture
medium containing 0.35% agarose overlying a 0.7% agarose
layer. Cells were incubated for 3 weeks at 37 1C. Cells were

stained with p-iodonitrotetrazolium violet (1mg/ml) for 24 h
at 37 1C. Number of colonies per well were counted. All
experiments were repeated three times for each cell strain/line.

Migration and Invasion Assays
Migration and invasion assays were conducted as described
previously.21 BioCoat cell culture inserts and polycarbonate
filters with 8 mm pores (Becton Dickinson Labware, Franklin
Lakes, NJ, USA) in 24-well tissue culture plates were used for
modified Boyden chamber migration assays. Lower chamber
compartments contained DMEM supplemented by 1%
bovine serum albumin or 1% fetal bovine serum as chemo-
attractants. Cells (5� 104) were seeded in the upper
compartment and incubated at 37 1C in a humidified
atmosphere of 95% air and 5% CO2. Invasion assays were
conducted similarly using 24-well BioCoat Matrigel invasion
chambers with 8mm pore size polycarbonate filters coated
with Matrigel (Becton Dickinson Labware). After incubation,
filters were fixed with 4% formaldehyde and stained with
0.2% crystal violet (Baxter Healthcare, Houston, TX, USA).
Cells on the upper surface of the filters were removed by
wiping with a cotton swab, and migratory and invasive
activities were determined by counting the number of cells
per high-power field (� 200) that had migrated to the lower
side of the filter.

In Vivo Gelfoam Angiogenesis Assay
These experiments were approved by the MD Anderson
Cancer Center Institutional Animal Care and Usage Com-
mittee. Gelfoam sponges (Pharmacia & Upjohn, Peapack, NJ,
USA) were cut into B0.5 0.5 cm2 fragments and saturated
overnight in PBS at 4 1C. The next day, the sponges were
placed on sterile filter paper to allow excess PBS to be drawn
out. Sponges were incubated with conditioned media from
LPS (WDLPS or DDLPS) cells. The sponges were allowed to
sit at room temperature for B1 h and then implanted sub-
cutaneously into the flank of SCID mice, as previously
described.21 After 14 days, the gelfoam sponges were harvested
and frozen in OCT (Sakura Fineter, Torrance, CA, USA). The
frozen samples were later sectioned and probed for CD31.

In Vivo Growth
All animal procedures and care were approved by the MD
Anderson Cancer Center Institutional Animal Care and
Usage Committee. Animals received humane care as per the
Animal Welfare Act and the NIH ‘Guide for the Care and Use
of Laboratory Animals.’ WDLPS and DDLPS cells (2� 106/
0.1 HBSS/mouse) were injected subcutaneously into the flank
of 6-week-old female hairless SCID mice. Mice were followed
for tumor growth. Study was terminated when tumors
reached 1.5 cm in largest dimension. Tumors were then
resected, preserved in buffered formalin, and paraffin
embedded. Hþ E staining was done to evaluate tumor
morphology. Immunohistochemical analysis for Ki-67 and
CD31 was conducted as previously described.21
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Statistical Analysis
Cell culture based assays were repeated at least three times
and mean±s.d. was calculated. Cell lines were examined
separately. For outcomes that were measured at a single time
point, two-sample t tests were used to assess the differences.
Significance was set at Pr0.05.

RESULTS
WDLPS/DDLPS Tumor Cells Isolated from Fresh Surgical
Specimens Exhibit Growth in Culture
Twenty-four WDLPS and 13 DDLPS surgical specimens were
processed between January and December 2009. Only
MDM2þ confirmed samples were used; all tumors origi-
nated in the retroperitoneum, abdomen, or pelvis. Using the
Ficoll method for tumor cell isolation, high fat containing
normal cells were excluded. The plating efficiency of WDLPS
was 50%, resulting in a total of 12 different MDM2þ
WDLPS primary cultures/cell strains (Table 1; Figure 1). Two
of these cell strains (Lipo355 and Lipo723) were obtained
from patients with a previous history of DDLPS. Plating
efficiency of DDLPS cells was similar, with 8/13 samples
confirmed to consist of MDM2þ cells (Table 1; Figure 1).

Two of the cell strains obtained from DDLPS samples
(Lipo203 and Lipo815) represented the well-differentiated
component of these tumors. The morphology, Oil red O
staining pattern, and MDM2 FISH analysis of WDLPS and
DDLPS cells, as compared with pre-adipocytes and adipo-
cytes, are depicted in Figures 1b and c. A small fraction
(B10–15%) of WDLPS cells in all primary cultures evaluated
(n¼ 10) exhibited a low level of Oil red O positive staining
suggesting lipid accumulation; DDLPS cultures (n¼ 5) were
negative. Interestingly, a subset of LPS cell strains expressed
PPARg independent of Oil red O positivity or specific his-
tology (WDLPS vs DDLPS; Figure 1d). All WDLPS/DDLPS
cell strains examined expressed a variable level CEBP-a per
western blot analysis.

A Subset of WDLPS/DDLPS Cells can be Driven to
Adipogenic Differentiation
Next, we evaluated whether WDLPS and/or DDLPS cells
retain the capacity to undergo further adipogenic differ-
entiation. Cell strains (o10 passages) were cultured in DM
followed by adipocyte growth media as per the recommended
human pre-adipocyte differentiation protocol. Similar to the

Table 1 Liposarcoma cell strains

Designated
name

Patient
age

Patient
gender

Primary/recurrent
tumor

Tumor
location

Histology % Cells with
MDM2 amplification

Lipo246 57 Male Recurrent RPS DDLPS 98

Lipo224 81 Female Primary Pelvis DDLPS 99

Lipo573 50 Male Recurrent RPS DDLPS 99

Lipo514 70 Male Recurrent Abdomen DDLPS 96

Lipo863 73 Male Recurrent RPS DDLPS 91

Lipo256 42 Female Recurrent RPS DDLPS 94

Lipo203 41 Female Recurrent RPS DDLPSa 80

Lipo815 55 Male Recurrent RPS DDLPSa 90

Lipo355 62 Female Recurrent RPS WDLPSb 78

Lipo723 72 Male Recurrent RPS WDLPSb 64

Lipo314 59 Female Recurrent RPS WDLPS 82

Lipo956 57 Female Recurrent RPS WDLPS 85

Lipo502 57 Female Recurrent RPS WDLPS 82

Lipo191 76 Female Recurrent RPS WDLPS 88

Lipo585 48 Female Recurrent RPS WDLPS 85

Lipo601 47 Male Primary RPS WDLPS 62

Lipo624 68 Female Recurrent RPS WDLPS 66

Lipo276 45 Male Recurrent RPS WDLPS 60

Lipo651 48 Male Recurrent Abdomen WDLPS 80

Lipo675 34 Male Primary RPS WDLPS 62

RPS, retroperitoneum.
a

Tumor cells isolated from well-differentiated component of a DDLPS.
b

Tumor cells isolated from a WDLPS tumor from a patient with a history of DDLPS.
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Figure 1 WDLPS and DDLPS cell strains. (a) Hþ E staining of original tissue/tumor. (b) Morphologic appearance of normal adipogenic-lineage cells and

LPS cells and Oil red O staining depicting fat accumulation in normal adipocytes but generally not in WDLPS/DDLPS primary cultured cells (representative

cell strains are shown; name depicted in brackets). (c) WDLPS and DDLPS cells (but not pre-adipocytes and adipocytes) exhibit MDM2 amplification

(as per FISH analysis). (d) Differentiation of pre-adipocytes (PA) into adipocytes (a) is accompanied by increased PPARg and CEBPa. While lacking lipid

accumulation (see b), constitutive, albeit low, expression of PPARg and CEBPa is observed in a subset of WDLPS/DDLPS cell strains.
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observed effect of DM on normal human pre-adipocytes,
three of the five WDLPS primary cultures tested exhibited
marked intracellular lipid accumulation accompanied by
increased PPARg and CEBP-a expression (Figures 2a and b).
Similarly, three of four DDLPS cell strains exhibited adipo-
genic differentiation (Figures 2a and b). All cell strains (either
WDLPS or DDLPS) exhibiting the capacity for terminal
differentiation expressed a baseline level of PPARg; whereas
cells that did not differentiate using DM lacked PPARg
protein expression. Concordantly, the established LPS141 cell
line, which lacks PPARg expression, did not undergo adi-
pogenic differentiation in response to DM.

Interestingly, we observed that all WDLPS cell strains
tested exhibit arrested growth after being passaged 12–15
times in culture; till date, we failed to isolate an immortal
WDLPS cell line. In contrast, five out of six DDLPS cell
strains evaluated demonstrated continuous growth (four of
the cell strains have already been growing in culture for over
50 passages, ie, can be designated cell lines); only lipo514 has
shown arrested growth afterB20 passages. Oil red O staining
of WDLPS cultures in late passages demonstrated an increase
in fat droplet containing cells and WB demonstrated an
increase in expression of adipogenic markers (Figures 2c
and d). These findings possibly suggest that WDLPS undergo
terminal adipogenic differentiation in culture. This process
was independent of baseline PPARg expression. MDM2 FISH
analysis further demonstrated a statistically significant
decrease in the number of MDM2þ cells in latter WDLPS
culture passages as compared with early passages (average:
12%±3.3 vs 85%±7.1, respectively, Po0.05; Figure 2c).
Micronucleation and nuclear extrusion of amplicons con-
taining MDM2 were observed in these WDLPS cells, leading
to decreased number of 12q15 ampliconeþ cells being pre-
sent in later culture generations. In contrast, no difference in
adipogenic characteristics and percent MDMþ -expressing
cells was found when DDLPS cultures were evaluated in
passage 435 (Figures 2c and d).

DDLPS Cells Exhibit Faster Growth, Enhanced Migration
and Invasion, and a More Angiogenic Phenotype
Compared with WDLPS Cells
We sought to evaluate the phenotypic characteristics and
pro-tumorigenic properties of WDLPS and DDLPS primary
cultures. For all experiments, cells in passage o10 were used.
The WDLPS cell group included cell strains obtained from
pure WDLPS samples with no history of DDLPS, the DDLPS
group included cell strains obtained from the cellular non-
adipogenic component of DDLPS cells. A third group
included cell strains obtained from the well-differentiated
portions of DDLPS tumors and WDLPS cells obtained from
patients with a history of DDLPS; these cells were designated
WD/DD and were examined separately. For each experiment,
a minimum of three different cell strains per group were
utilized; results are depicted as an average±s.d. DDLPS cells
exhibited a significantly shorter doubling time as compared

with WDLPS (2 days vs 3.5 days, respectively, Po0.05;
Figure 3a). Both WDLPS and DDLPS cells demonstrated
clonogenic capacity and anchorage-independent growth.
However, the average number of colonies formed on plastic
and in soft agar was significantly higher for DDLPS cell
cultures (WDLPS: 5±0.9 and 4±1 vs DDLPS: 33±5 and
53±14, respectively; Po0.01). Similarly, DDLPS exhibited
significantly enhanced motility and invasion as was seen
within 6 h using modified Boyden chambers (P¼ 0.006 and
P¼ 0.0004, respectively; Figure 3b). In addition, a higher rate
of spontaneous apoptosis was identified in WDLPS cells
compared with DDLPS cells (P¼ 0.003; Figure 3c). Finally,
the angiogenic capacity of the tumor cells was evaluated: CM
from either WDLPS and DDLPS induced a significantly
higher rate of human endothelial cell proliferation compared
with regular growth media in vitro (P¼ 0.63; Figure 3d). To
also further evaluate potential pro-angiogenic effects in vivo,
a gelfoam angiogenesis assay was performed. Gelfoam
sponges were incubated in WDLPS-CM and DDLPS-CM
(three different cell strains were used for each histology) and
implanted subcutaneously into the flanks of SCID mice. An
increase in CD31-positive blood vessels was noticed in
response to either WDLPS or DDLPS CM; however, a more
significant induction was found in response to the latter
(13±2.28 vs 46±6.57, respectively, Po0.01; Figure 3d). For
all parameters evaluated, WD/DD group cells exhibited be-
havior similar to WDLPS cells (Figure 3). Taken together, our
studies demonstrate that DDLPS cells exhibit a more ag-
gressive, pro-tumorigenic phenotype in vitro, recapitulating
the clinical scenario.

WDLPS/DDLPS Express an Array of Activated Tyrosine
Kinase Receptors
Next, we asked whether our cell strain model retains the
molecular features of WDLPS/DDLPS and as such could be
utilized to identify molecular deregulations of potential
importance. As an initial confirmation, we evaluated the
expression of two markers previously demonstrated to be
deregulated in WDLPS/DDLPS: CDK4 and JUN. As shown
in Figure 4a, CDK4 was found to be markedly overexpressed
in LPS cells compared with adipocytes; as anticipated, no
significant difference in expression level was found between
WDLPS and DDLPS cells. Similarly, JUN overexpression was
also identified in LPS cells. Furthermore, higher JUN and
phospho-JUN expression levels were found in DDLPS cells
compared with WDLPS cells (P¼ 0.03). With the recent
emergence of TKRs as targets that are highly susceptible to
molecular-based therapies, we next sought to evaluate such
receptors in LPS cells (Figure 4b). Eight receptors for which
small molecule inhibitors are currently available were eval-
uated: EGFR expression was identified in all LPS cells but
also in adipocytes. MET, AXL, and IGFR were found to be
overexpressed in LPS compared with both adipocytes and
pre-adipocytes. All LPS cells were found to express PDGFRs,
but pre-adipocytes exhibited a higher level of expression. All
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evaluated cells (including normal cells) were negative for
HER2 and KIT (data not shown).

DDLPS Cells Exhibit Reproducible Growth in SCID Mice
Finally, we sought to evaluate the growth patterns of
WDLPS/DDLPS in vivo with the goal of confirming the
tumorigenic differences identified in vitro seeking also to
establish reproducible mouse models that will be essential for
future LPS studies. Cell strains (WDLPS: Lipo314, Lipo956,
Lipo601, Lipo675, WD/DD: Lipo203, and DDLPS: Lipo246,
Lipo224, Lipo863; 2� 106 cells/mouse) at culture passage
2–6 were injected subcutaneously and/or intraperitoneally
into hairless SCID mice that were then followed for up to 8
months. None of the WDLPS as well as the WD/DD cell lines
tested developed tumors. In contrast, all three DDLPS cell
strains resulted in tumor development with varying tumor
take rates, latency periods, and growth rates. The most pro-
nounced growth was found for the Lipo246 cell, exhibiting
a tumor take of 90%, a latency period of 10–14 days,
and growth to B1.5 cm tumor by 8±2 weeks (Figure 5a).
A tumor take of 40–60% was found for the other two cell
strains tested, with latency periods ranging between 4 and
6months and a tumor growth to 1.5 cm noticed by 10–12
months after initial injection. Hþ E staining of xenograft
tissue samples demonstrated a histological appearance
resembling the original tumor, and MDM2 FISH demon-
strated MDM2 amplification in vivo (Figure 5a). Tumor cell
proliferation and angiogenesis were demonstrated via Ki-67
and CD31 immunostaining, respectively (Figure 5b). TKR
expression in vivo correlated with the expression noted in
culture. Furthermore, in all cases, fresh tumor tissue was
processed, and recycled tumor cells were isolated and con-
firmed to be MDM2þ . In addition, Lipo246 at culture
passage 440 (ie cell line) has been evaluated, demonstrating
a highly reproducible and fast growth rate as per above,
suggesting that this cell line can be utilized for therapeutic
experiments. Taken together, these data confirm that DDLPS
exhibits a more pronounced tumorigenic phenotype and that
our newly developed cell lines are novel bioresources that can
be used for anti-LPS drug testing in vivo.

DISCUSSION
Current lack of relevant human LPS cell lines and animal
models limits our capacity to translate clinical and tissue-
based LPS-related observations into comprehensive mole-
cular and mechanistic insights and, most importantly,

to identify and test novel therapeutic strategies specifically
targeting LPS. As a consequence, inclusion of LPS patients in
clinical trials usually relies almost exclusively on subjective
tissue-based observations, and does not utilize extensive pre-
clinical (molecular derived) evaluation criteria as is now
increasingly common in other type of cancers. In our era
of evidence-based medicine, the availability of molecularly
informative, clinically relevant cancer models is crucial.
Towards that end, we have shown that isolated human
WDLPS/DDLPS cell strains/lines and xenograft animal models
recapitulate clinical LPS behavior and retain the molecular
deregulations of their tumor of origin. DDLPS cells exhibit
a significantly more tumorigenic and aggressive phenotype.
Consequently, the cellular and xenograft models described here
can serve as particularly incisive tools for the investigation of
liposarcomagenesis, dedifferentiation, and tumor progression.

Several published studies have shown that the WD com-
ponent of DDLPS is molecularly similar to the DD fraction
of the tumor and can possibly be distinguished from pure
WDLPS via aCGH and gene expression profiling.23–25 In our
study, the WD cell strains isolated from DDLPS (ie WD/DD
cells) were found to functionally behave like the pure WDLPS
cell strains. The small number of samples in the WD/DD
group precludes making affirmative conclusions, and a larger
cohort of cell strains is needed to validate this initial insight.
Additional studies are needed to extensively dissect the
genetic and epigenetic molecular deregulations governing
each of the three LPS cell strain subsets and would hopefully
be able to resolve the possible genotypic/molecular vs
pheonotypic discrepancy highlighted above.

Although the exact WDLPS/DDLPS cell of origin has not
yet been defined, pathology-based studies strongly suggest
an adipogenic-lineage origin. Furthermore, several lines of
circumstantial evidence suggest that DDLPS may represent a
progression of WDLPS.26,27 It has recently been proposed
that an initial genetic change, ie, amplification of chromo-
some 12q12–15 occurs within a cell in the adipogenic lineage,
resulting in differentiation stage arrest that morphologically
appears as WDLPS.17,25,28 Upon further accumulation of
genetic changes, the differentiation potential of the same cells
that gave rise to the WDLPS is further significantly impaired,
giving rise to what is termed a ‘‘dedifferentiated’’ tumor,
DDLPS. As shown in our study, and in support of previously
published data,22,29 all WDLPS and DDLPS primary cell
cultures contain the MDM2 amplicon. However, the forces
driving dedifferentiation are still unknown and might be

Figure 2 WDLPS and DDLPS cells retain, at least in part, their capacity for adipogenic differentiation. (a) A subset of WDLPS and DDLPS cells cultured in

differentiation media (for 3 days) followed by adipocyte nutrition media (for 12 days) demonstrate increase in fat lipids, whereas other WDLPS/DDLPS cells

do not, representative cell strains are shown. (b) Similarly, an increase in adipogenic markers is observed (WB) in cells exhibiting adipogenic differentiation.

Interestingly, all cells capable of differentiation after culture in differentiation media expressed a basal level of PPARg, representative cell strains are shown.

(c) WDLPS cells exhibit arrested growth in culture after 412 passages that is accompanied by lipid accumulation, whereas DDLPS cells demonstrate

continuous growth and no lipid accumulation. Interestingly, exclusion of micronuclei containing amplified regions and a gradual decrease in the number of

MDM2þ cells is observed in WDLPS primary cultures (representative cell strains are shown; name depicted in brackets). (d) Growth-arrested WDLPS cells

exhibit an increase in PPARg and CEBPa expression (representative cell strains are shown; name depicted in brackets).
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further unraveled using the model described above. Inter-
estingly, our data suggest that at least of subset of WDLPS
and DDLPS cells retain the capacity for terminal adipogenic

differentiation. In WDLPS cells, this process occurs sponta-
neously for all cells tested when grown in culture or in
response to DM in cells that express baseline levels of PPARg.

Figure 3 DDLPS cells exhibit a more aggressive phenotype as compared with WDLPS cells. (a) DDLPS cells (DD) exhibit a statistically significant enhanced

growth (upper left panel), a shorter doubling time (upper right panel), increased clonogenicity (middle panel), and anchorage-independent growth (lower

panel) as compared with WDLPS cells (WD) and WDLPS cells from DDLPS patients (WD/DD; *Po0.05). (b) DD cells exhibit statistically significantly enhanced

migration (upper panels) and invasion (lower panels) as compared with WD and WD/DD cells (*Po0.05). (c) DD cells exhibit a statistically significantly

decreased level of spontaneous apoptosis compared with WD and WD/DD cells (*Po0.05). (d) HDMVC and HUVECs grown in conditioned media (CM)

obtained from WD, WD/DD, and DD exhibit enhanced proliferation compared with cells grown in control serum-free media (upper panel; *Po0.05). In vivo

gelfoam assay demonstrated increase in blood vessel formation in response to WD, WD/DD, and DD CM, which was most pronounced in response to the

latter (*Po0.05) compared with gelfoam suspended in control serum-free media (red¼CD31) (representative cell strains are shown in all panels; name

depicted in parentheses).
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Intriguingly, spontaneous terminal adipogenic differentiation
was accompanied by the extrusion of micronuclei containing
the MDM2 amplicon. This finding is in accordance with
recently published data, suggesting that selective elimination
of amplified sequences correlates with spontaneous adipo-
cytic differentiation in liposarcoma.30 The mechanisms of
this process, and whether this is a cell culture-based
observation or an actual phenomenon occurring in vivo and
potentially contributing to the predominant adipogenic
content observed in human WDLPS tumors is uncertain and
should be further investigated. In contrast, DDLPS cells
sustain immortal growth in culture and do not sponta-
neously differentiate. However, when grown in adipogenic
DM, a varying degree of fat accumulation is observed in cells
expressing PPARg. This differential effect can possibly be
explained by the presence of a thiazolidinedione class PPARg
ligand (ciglitazone) in differentiation medium, consequently
affecting only PPARg-expressing cells. This finding is of
potential major clinical implication, suggesting that LPS can
be driven to a more differentiated state. Along the same line,
previous studies have suggested that strategies activating
PPARg might induce re-differentiation in LPS.31 However,
the study of troglitazone, a PPARg agonist, in a phase II
clinical trial for LPS patients failed to achieve any objective
clinical responses.32 This possibly indicates that blockade of
this single pathway is insufficient to induce significant effect

Figure 3 Continued.

Figure 4 Molecular deregulations are maintained in WDLPS/DDLPS cell

strains. (a) CDK4 is markedly overexpressed in LPS cells compared with

adipocytes. Higher JUN and phospho-JUN expression levels are found in

DDLPS cells compared with WDLPS cells (P¼ 0.03; relative protein

expression levels were determined via densitometry and are depicted

below each WB). (b) WB analyses depicting the expression of a panel of

TKRs in pre-adipocytes (PA), adipocytes (A), WDLPS cells (WD), and DDLPS

cells (DD).
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in vivo; studies using our described model will enable the
identification of additional differentiation-relevant targets.

Several potential therapeutic targets for the treatment
of WDLPS and/or DDLPS have recently been proposed in-
cluding MDM2, CDK4, and JUN;16,27–35 the deregulation of
these targets was confirmed in our cellular model. Nutlin-3A,
an MDM2 inhibitor, has recently been shown to have anti-
LPS effects in vitro and is currently being tested in human
clinical trials.16,18 Amplification of CDK4 has been demon-
strated inB90% of WDLPS/DDLPS;34 several CDK4-specific
inhibitors have recently been developed and are currently
tested in various human malignancies.36 JUN amplification
and overexpression has been suggested as a mechanism of
WDLPS progression to DDLPS.19,36 Our study further vali-
dated this observation, demonstrating a significantly higher
JUN and phosphor-JUN in DDLPS cells as compared with
WDLPS cells and normal adipocytes. Inhibitors of the JUN
pathway are currently under development37 and should be
further tested for their efficacy in DDLPS. In recent years, an
important role for TKRs has emerged as novel candidates
easily amenable to therapeutic targeting; HER-2 in breast

cancer and KIT in gastrointestinal tumors are two clinically
relevant examples. Here, we found that WDLPS and DDLPS
cells overexpress several TKRs, including EGFR, MET, AXL,
and IGFR, all of which are targets of currently available small
molecule inhibitors. However, these TKRs have yet to be
tested in the context of LPS. Regarding EGFR, we identified
its expression in both adipocytes and LPS cells. Interestingly,
recent studies have identified that EGF-induced activation of
the EGFR can promote adipogenesis cells when administered
in low concentrations (o1 nM);38 however, at higher doses,
EGF inhibits this differentiation.39 Further studies to evaluate
this intriguing phenomenon in the context of LPS are cur-
rently ongoing. Hopefully, the availability of new models
such as that described in this report will provide a heretofore
critically lacking investigative platform upon which to ex-
amine LPS molecular regulatory machinery, thereby setting
the stage for preclinical testing of the above-mentioned
inhibitors alone and in novel therapeutic combinations as
anti-LPS strategies.

In summary, LPS-related bioresources developed here can
be utilized for the comprehensive investigation of WDLPS/

Figure 5 A human xenograft DDLPS mouse model. (a) DDLPS cells (2� 106/mouse) reproducibly grow in hairless SCID mice after subcutaneous (SC;

left panel, LPS246 xenograft is shown as an example) or intraperitoneal (IP; right panel, Lipo224 xenograft is shown as an example) injection. Hþ E staining

demonstrating high-grade DDLPS and MDM2þ in tumor xenografts. (b) IHC analysis depicting enhanced proliferation (Ki-67) and angiogenesis (CD31)

in DDLPS (lipo246–upper panel, lipo224–lower panel). Concordant with in vitro findings (see Figure 4b above), DDLPS express high levels of EGFR,

MET, AXL, and PDGFRs. No HER2 and KIT expression could be identified.
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DDLPS. Further studies of initial molecular insights
described are currently ongoing and will hopefully result in
the development of new therapeutic strategies for the clinical
management of patients harboring these poor prognosis
malignancies.
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