
Abstract. We report the establishment of two novel clear
cell sarcoma (CCS) cell lines (soft tissue melanoma) from a
patient and the production of the corresponding xenografts
after xenotransplantation of those cells to NOD/SCID mice.
As no comprehensive study on the relevant proteomes of this
type of cancer has been reported to date, proteomics
technologies were applied in a first attempt to analyze the
proteins of the two cell lines and their corresponding
primary xenografts. Total protein extracts were separated by
two dimensional gel electrophoresis (2-DE) and analysed by
MALDI-MS and MALDI-MS-MS following in-gel digestion
with trypsin. Protein identification was carried out by peptide
mass fingerprint (PMF) and post source decay (PSD),
respectively. Comparative analysis revealed that 124 proteins
were common between the cell lines and the xenografts; 249
proteins were found to be expressed only in the proteome of
the cell lines, while 178 proteins were expressed only in the
proteome of xenografts. Our results demonstrated that both
cell lines and xenografts were positive for vimentin and S100

reported as markers for CCS. After functional analysis, 27
different protein groups were identified in the analysed
proteomes, including apoptosis-related proteins, oncogenes
and several proteins closely related to TP-53 and NF-ÎB
pathways. Furthermore, the proteins nestin, stem cell growth
factor CLC11 and mdr-1, closely related to malignant-
melanoma-initiating cells, were found to be expressed in both
the cell lines and their corresponding xenografts. Since there
are no data concerning protein expression in CCS, this study
may contribute to the understanding of the molecular basis
of the disease, while the cell lines as well as the developed
xenografts may be used as tools for the development of new
therapeutic strategies to tackle this rare but fatal malignancy.

Human malignant melanoma is a highly aggressive and
drug resistant type of cancer. There are an estimated
132,000 new melanoma skin cancer cases worldwide each
year, while in European population death rates from
melanoma have been continuously and significantly
increasing over time. In Western Europe and in
Mediterranean countries, this increase has affected young
people (aged 25-50 years) by a magnitude of 3% to 8%
per year (1, 2). Nowadays, the incidence of melanoma
appears to be on a steady rise throughout the world, mainly
due to increased ultraviolet exposure from the sun. In its
early stages, malignant melanoma can be successfully
cured, but once it has progressed to the metastatic stage, it
is extremely difficult to treat and appears resistant to most
current therapies (3). Despite many years of intensive
laboratory and clinical research, the sole effective cure is
surgical dissection of the primary tumor before it achieves
a thickness greater than 1 mm (3, 4). Thus, the need to find
a melanoma “signature” is critical. What is more important
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though is to find a proper model to study melanoma and to
determine the limitations of such a system.

Clear cell sarcoma of tendons and aponeuroses (CCS), or
soft tissue melanoma, is a rare malignant tumor with a poor
prognosis described for first time by Enzinger in 1965. This
type of malignancy is a rare tumor derived from neural crest
cells and usually occurs in tendons and aponeuroses of the
extremities of young adults (between 20 and 40 years old).
In patients, the tumor is usually found in the distal lower
extremities, especially the lower limbs, while there is a high
propensity for regional or distant metastases, frequently
attached to tendons or aponeuroses (5). It behaves like a
high-grade soft tissue sarcoma and is associated with poor
overall survival. CCS has been observed to be more prevalent
in Caucasians than in African Americans or Asians. The
clinical course is difficult to predict as metastases may
appear after a quiescent period of time, or may result in a
rapid and fatal progression (6).

Because of the melanocytic features that the tumor exhibits,
its distinction from malignant melanoma may be difficult.
Immunohistochemical studies in most cases show that the
neoplastic cells are positive for HMB-45 and react with
antibody against S100 protein. Most cases show a reciprocal
cytogenetic translocation t(12;22)(q13;q12) that creates a
unique chimeric fusion EWSR1/ATF1 gene transcript (7). The
beneficial effects of adjuvant chemotherapy and radiotherapy
have not been fully evaluated. The disease tends to recur
locally and after a protracted clinical course it metastasizes,
finally leading to death (6).

In this study we report two novel primaries cell lines
established from a patient with CCS and their corresponding
primary xenografts after the xenotransplantation of these
cells to SCID mice. We applied differential proteomic
analysis in order to study the proteomes and elucidate
potential differences between the ex vivo (cell lines) and the
in vivo material (xenografts).

Materials and Methods
Patient data. A sample removed from a metastatic lymph node after
surgery from a 53-year old male Greek patient used to establish a cell
line from which two clones have been developed while at the very low
passages. After the surgery, the patient initially received radiotherapy
and consequently chemotherapy using a chemotherapeutic schedule
that consisted of Farmorubicin (epirubicin; Pfizer Hellas SA), Oncorin
(vincristin; Pharmaserv-Lilly, Hellas) and Deticene (dacarbazine;
Aventis Pharma, Hellas) but the patient finally died due to the disease
a year later and after several metastases had developed. PCR analysis
of the primary cell line revealed that this cell line was strongly positive
for gp100, positive for trp2, and negative for Melan A, trp1 and
tyrosinase.

Materials and reagents. Culture media and fetal calf serum (FCS)
were obtained from Invitrogen-GIBCO (Invitrogen Ltd, UK). Six to
eight week-old male NOD.CB17-Prkdcscid/J mice were obtained from

Jackson labs (Bar Harbor, ME, USA) and maintained under specific
pathogen-free flora in the animal facility of the Biomedical Research
Foundation of the Academy of Athens until use. All animals were
treated according to Greek laws (2015/92) and the instructions of the
EU and the European council (86/609 and ETS123, respectively)
governing the use and handling of animals in experiments.

Immobilized pH-gradient (IPG) strips and IPG buffers were
purchased from Biorad Laboratories (Hercules, CA, USA).
Acrylamide/piperazine-di-acrylamide (PDA) solution (37.5:1,
w/v) was purchased from Biosolve Ltd. (Valkenswaard, The
Netherlands) and the other reagents for the polyacrylamide gel
preparation from BioRad. CHAPS was obtained from Roche
Diagnostics (Mannheim, Germany), urea from AppliChem
(Darmstadt, Germany), thiourea from Fluka (Buchs, Switzerland),
1,4-dithioerythritol (DTE) and EDTA from Merck (Darmstadt,
Germany). Except for CHAPS, which was kept at 23˚C, the other
reagents were kept at 4˚C.

Cell cultures and xenografts. In order to establish the initial primary
cell line, a piece of the surgically excised lymph node was minced
and small tissue fragments were placed in 100-mm plastic culture
dishes. Cells were grown in RPMI-1640 medium supplemented with
10% heat-inactivated FCS, 2 mM L-glutamine and antibiotics. After
2 days, most of the tissue fragments had attached to the culture dish,
allowing addition of more medium. After 5 days, many small cells
with spindle to dendritic shapes were growing out of the tissue
fragments. These presumptive tumor cells increased rapidly in
number and could be trypsinized and transferred to larger culture
vessels within 2 weeks after setting up the culture. The cell line thus
obtained was designated GRmel8. After one passage to
immunocompromised mice and further subculture, two clones have
been identified, designated as UDCCS-1 and WDCCS-1

For the establishment of the two clones the original cell line was
inoculated into the two axillary regions of 5 mice at a density of
1×106 cells per injection. One tumor was developed which
subsequently was subcultured. From the culture of this tumor, two
clones (mel8A and mel8B) were isolated that were further expanded
and then passed into animals until the fourth passage. These two
tumors (termed 4p8A and 4p8B) as well as the two initial clones
established were finally analyzed for their proteome.

Two-dimensional gel electrophoresis. Cells in culture (40×106) or
xenogafts (>1 g) were washed with normal saline and resuspended
in 0.5 ml of urea buffer, consisting of 20 mM Tris, 7 M urea, 2 M
thiourea, 4% CHAPS, 10 mM 1, 4-dithioerythreitol, 1 mM EDTA
and a mixture of protease inhibitors [1 mM PMSF and 1 tablet
complete™ (Roche Diagnostics, Basel, Switzerland) per 50 ml of
suspension buffer] and phosphate inhibitors (0.2 mM Na2VO3 and
1 mM NaF). The produced mixtures were lysed by sonication at
3×60 s in 35% amplification and the suspension was centrifuged
at 14000×g for 30 min. The protein content of the supernatants was
determined using an EXPERION Automated Electrophoresis
Station in combination with Protein 260 Analysis Kit™ (Biorad)
according to the manufacturer’s instructions.

2-D Gel electrophoresis was performed as reported previously
(8). Total protein (1 mg) was applied on immobilized pH 3-10 non-
linear gradient strips in sample cups at their acidic and basic ends.
Focusing started at 250 V for 30 min and the voltage was gradually
increased to 6000 V at 3 V/min and remained constant for a further
18 h. The second-dimensional separation was performed in 12%



SDS-polyacrylamide gels (180×200×1.5 mm), running at 50 mA
per gel in a PROTEAN apparatus (Biorad). After fixation with 50%
methanol containing 10% acetic acid for 2 h, the gels were stained
overnight with colloidal Coomassie blue (Novex, San Diego, CA,
USA), washed twice with water and scanned in a densitometer (GS-
800 Calibrated Densitometer; Biorad).

Peptide mass fingerprint (PMF) and post source decay (PSD).
Peptide analysis and protein identification were performed as
described elsewhere (9). Spots were automatically detected by
Melanie 4.02 software on the Coomassie blue-stained gel, excised by
a Proteiner SPII (Bruker Daltonics, Bremen, Germany), destained
with 30% acetonitrile in 50 mM ammonium bicarbonate and dried in
a speed vacuum concentrator (MaxiDry Plus, Heto, Allered,
Denmark). Each dried gel piece was rehydrated with 5 μl of 1 mM
ammonium bicarbonate containing 50 ng trypsin (Roche Diagnostics)
and left in the dark overnight at room temperature. Twenty
microlitters of 50% acetonitrile, containing 0.3% trifluoroacetic acid
were added to each gel and incubated for 15 min with constant
shaking. The peptide mixture (1.5 μl) was simultaneously applied
with 1 μl of matrix solution, consisting of 0.025% α-cyano-4-
hydroxycinnamic acid (Sigma), standard peptides des-Arg-bradykinin
(Sigma, 904.4681 Da) and adrenocorticotropic hormone fragment 18-
39 (Sigma, 2465.1989 Da) in 65% ethanol, 35% acetonitrile and
0.03% trifluoroacetic acid.

Samples were analyzed for PMF with MALDI-MS in a time-of-
flight mass spectrometer (Ultraflex II, Bruker Daltonics). Matching
peptide and protein searches were performed automatically, as
described by Berndt et al. (9). Each spectrum was interpreted by
the Mascot Software (Matrix Sciences Ltd., London, UK). For
peptide identification, the monoisotopic masses were used and a
mass tolerance of 0.0025% (25 ppm) was allowed. Unmatched
peptides or peptides with up to one missed cleavage site were not
taken into account. The peptide masses were compared with the
theoretical peptide masses of all available proteins from all species
using SWISS-PROT, IPI and MSDB databases. The probability
score identified by the software was used as the criterion of the
identification. Samples not identified by PMF (probability
significance of p<0.05) were automatically selected for post-source
decay (PSD) MS-MS analysis or MALDI-MS-MS. The peptide
masses chosen for PSD-MS-MS analysis had a signal intensity of
>600 counts and were excluded from the trypsin autodigest, matrix
and keratin peaks. The resulting PSD spectra were also interpreted
by the Mascot Software and Mascot probability-based scores of
p<0.02 were considered significant. The identified proteins were
annotated on the gel image by hand.

Results
The protein extracts from the two cell lines and the
corresponding xenografts were separated by 2-DE
electrophoresis on IPG strips and the spots were visualized
with colloidal Coomassie blue (Figure 1). Two gels for each
of the samples (the two cell lines and the corresponding
xenografts) were run and analyzed independently by the 2D
ImageMaker software. Approximately 1,250 protein spots
per gel were detected. All the detected spots were excised
from the gels and further analyzed for PMF with MALDI-
MS in a time-of-flight mass spectrometer. Protein

identification by the peptide mass matching was performed
automatically. Using an internal peptide standard to correct
the measured peptide masses we were able to use very
narrow windows of mass tolerance (0.0025% ) and hence
increase the confidence of identification, as well as the total
identification rate up to 85% , resulting in the identification
of 551 different gene products.

The analysis of the results indicated that the two cell lines
expressed a total of 373 different gene products while the
xenografts were found to express a total of 302 different
gene products (Figure 2). Comparative analysis indicated
that 124 proteins were commonly expressed between the cell
lines and the xenografts, 249 proteins expressed only in the
cell line proteomes, while 178 proteins were expressed only
in the xenograft proteomes. Tables I, II and III present the
common and the differentially expressed proteins identified,
their SwissProt accession numbers, symbol, full name,
molecular weight, MASCOT score of the identification, and
protein coverage. Twenty mouse proteins including albumin,
hemoglobin chains, ferritin and globin were found included
in the xenograft proteome, possibly related to the host
organism (mouse). The highest score (416) of identification
corresponded to the protein desmulin (O15061) belonging to
the cell line proteome, the highest score (287) of the
xenograft proteome corresponded to mouse transferrin
(Q58E69), while of common proteins the human 78 kDa
glucose-regulated protein (P11021) was identified with a
score of 357. Furthermore, the sex-determining region Y
protein (P79181) and the G-gamma-hemoglobin mutant
(Q14476) specific for the Greek population were identified
in both cell lines and xenograft (Table I) (10, 11).

Subcellular localization. The subcellular localization of the
identified proteins was sought in publicly accessible databases
(SwissProt and GeneAtlas). Of the proteins identified in the
cell lines and the xenografts, 27% and 28% respectively
were found to be localized in the cytoplasm, 19% and 24% ,
respectively, in the nucleus, 18% and 14% respectively, in
the mitochondria and 6% and 4% respectively were found to
be membrane-related (Figure 3). For 5% of the cell line
proteins and 10% of the xenograft proteins, no data were
found related to their localization. The subcellular location of
each protein is given in Tables I, II and III.

Function. Searching SwissProt and GeneAtlas, 27 different
protein functional groups were identified in the proteomes
(Figure 4). Enzymes represented the most abundant fraction
of the proteome (21% and 18% for the cell line and
xenograft proteome, respectively), while no reports were
found for the function of 10% of the xenograft and 5% of
the cell line proteins. Furthermore, structural proteins,
transcription factors, DNA- and RNA-associated proteins
were identified. It is interesting that the cell line proteome
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includes 31 proteins related to apoptosis and 35 proteins
closely related to oncogenesis and cancer. In xenografts, 26
proteins were identified related to apoptosis and 35 proteins
were related to cancer. The function of each protein is also
givenin Tables I, II and III.

Discussion

Clear cell sarcoma of tendons and aponeuroses or soft tissue
melamoma is a rare malignant tumor with a poor prognosis,
derived from neural crest cells and the tumor is usually
found in the distal lower extremities, especially the lower
limbs, while there is a high propensity for regional or distant
metastases, frequently attached to tendons or aponeuroses (5,
6). In cancer, established cell lines have proven to be potent
tools towards the understanding of the biological and
molecular characteristics of malignancies and are widely
used in terms of making more accurate diagnoses and
developing therapeutic strategies. Even more valuable tools
towards this target are xenografts representing models of this
disease that are more relevant to the clinical situation.

However, only very few CCS cell lines that are well
documented have been reported to date (12-16). We herein
present the proteome profiles of two newly established CCS
cell lines, as well as their two corresponding xenografts. These

cell lines and their xenografts originated from the same male
patient confirmed by the identification of a sex-determining
region Y protein (P79181) and of the G-gamma-hemoglobin
(Q14476) a specific for the Greek population mutant in both
the cell line and in the xenografts proteome (10, 11).

The immunohistochemical profile of CCS of tendons and
aponeuroses reveals that cells are highly positive for vimentin
(96% ), HMB-45 (90% ), MITF (71% ), S100 (64% ), and
Melan-A103/Melan-A (50% and 43% respectively) (5, 7).
Our results demonstrated that both cell lines and xenografts

CANCER GENOMICS & PROTEOMICS 5: 175-238 (2008)

178

Figure 2. Visualization of the comparative of the identified proteins as
shown in Tables I, II and III.

Figure 1. Representative two-dimensional gels of total protein extracts from the CCS cell lines (left) and their corresponding xenografts (right). Proteins
were extracted and separated on IPG strip pH 3-10 non-linearly, followed by a 12% SDS-polyacrylamide gel. The gels were stained with Coomassie blue.
With red color representative proteins exclusively expressed in the cell lines were marked, with blue color representative proteins exclusively expressed in
the xenografts were marked, with black color representative proteins expressed in both cell lines and xenografts. were marked.
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Figure 3. Subcellular localization of the identified protein. The proteins in Tables I, II and III were categorized according to their localization in the
cells. Red bars: localization of the cell line proteins, blue bars: localization of the xenograft proteins.

Figure 4. Classification of the identified proteins into functional groups. Protein molecules and their function are given in Tables I, II and III. Red
bars: functions of the cell line proteins, blue bars: functions of the xenograft proteins.



were positive for vimentin and S100 (Table I) in accordance
with the CCS diagnosis. It was not possible to identify
Melan-A in the cell lines nor to the xenografts, which again
is in accordance with PCR analysis of the primary cell line,
but despite to the absence of Melan-A, we have identified 22
proteins previously reported to be expressed in melanosomes
(17). Of these proteins, 13 were found exclusively in the cell
line proteomes, while 9 were common to both the xenograft
and cell line proteomes. The expression of melanosome-
related proteins supports the neural crest origin of CCS, while
the differences between the cell lines and the xenografts may
reflect different differentiation stages as the appearance of
melanosomes has been reported as being related to the
maturation stage of the CCS (18). Another protein previously
described to be expressed in melanocytes and melanoma and
which may be useful for the diagnosis of the melanoma is Fc
receptor-like and mucin-like 1 protein (FCRL), also
suggested to be a potential target for melanoma
immunotherapy (19). Our results indicated that the FCRLa
protein (Q7L513) was identified in the cell line proteomes.

Although there are clear differences between in vitro (cell
line) and in vivo (xenograft) melanosome-related proteins,
the common proteins might be interesting for further study.
Previous reports suggest that many melanoma-associated
antigens are recognized by cytotoxic T lymphocytes, thus
indicating a possible importance ofthese proteins in the
development of novel therapeutic interventions towards the
treatment of that malignancy (20).

Moritake et al. (18) reported that C-MYC may be
involved in the malignant progression of CCS.
Interestingly, among the common proteins identified here
are two that are closely related to the C-MYC pathway,
namely ENOA/ MBP-1 (P06733) and NDRG1 (Q92597).
The first is reported to bind the C-MYC promoter while the
second is said to be a downstream target of the N-NYC
(21-23). An additional finding towards the central role that
C-MYC may play in the progression of the disease is that
two more C-MYC related proteins were exclusively
identified in xenografts. The hnRNP is reported to be
implicated in cellular proliferation with TIAL-1 by a C-
MYC dependent pathway and th PAI-1 is a putative up-
regulated C-MYC gene.

In an attempt to identify new markers for the disease,
Schaefer et al. reported the up-regulation of ERBB3 as such
a marker (24). Interestingly among the common proteins
identified, we identified the proliferation-associated protein
2G4 (PA2G4, Q9UQ80), which has previously been reported
to be involved in growth regulation via an ERBB3-regulated
signal transduction pathway (25).

An interesting finding regarding the molecular events
leading to CCS was the identification of several proteins
expressed in both xenografts and cell lines related to the
regulation of apoptosis. From these apoptosis-related proteins,

18 were found to be common while 13 were exclusively
expressed in the cell lines and 8 in the xenografts. The group
of common apoptosis-regulated proteins included 7 heat
shock proteins (HSP71, CH60, HSP7C, HSPB1, TRAP1) as
well as nucleophosmin (NPM), cathepsin D (CATD),
galectin-1 (LEG1), calreticulin (CALR), prohibitin (PHB),
the translationally-controlled tumor protein (TCTP) and the
tumor metastatic process associated protein (NDKA). In
addition to these proteins, in the cell line proteome the HS1-
associating protein X-1 (HAX1), a dynamin-like protein
(OPA1), the programmed cell death protein 8 (PDCD8),
gelsolin (GELS), cathepsin B (CATB), annexin A4 and A5
(ANXA4, ANXA5), the tumor rejection antigen 1 (ENPL)
the DNA damage-binding protein 1 (DDB1) and the CDK5
activator-binding protein C53 (CK5P3) were also identified.
Exclusively in the xenograft proteomes we have identified
thioredoxin (THIO), two thioredoxin-like proteins (TXNL1
and TXND5), cofilin-1 (COF1), clusterin (Q9ERD1), an
leucine-rich acidic nuclear protein (AN32A), a protein
involved in the ARE/AUBP-mediated modulation of BCL2
mRNA decay during apoptosis (HNRPD), interleukin-17A
(IL17) and a TSC22 family protein which protects T-cells
from IL2 deprivation-induced apoptosis through the inhibition
of FOXO3 transcriptional activity leading to the down-
regulation of the pro-apoptotic factor BCL2 (26). Apart the
apoptosis-related proteins we identified 5 proteins previously
suggested as oncogenes (PDIA1, FUMH, GRP75, IF32,
PARK7) and two as antioncogenes (ENOA, NPM) expressed
in both cell line and xenograft. Three oncogenes (LEPRE1,
SMC3, FKBP4) were found to be expressed only in the cell
line, while seven oncogenic proteins (PSD10, F10A1,
RAB25, HNRPD, RAB37, PHF2, ITPA) were only found
expressed in xenografts. In order to characterize the
molecular trail, these findings must be considered together
with the evidence that several proteins closely related to TP-
53 and NF-ÎB pathways have been identified to be commonly
and differentially expressed in the studied materials.
Furthermore, the differential expression of these proteins in
the cell lines and in xenografts is not yet known, the
elucidation of their role in CCS needs more study.

Tumour-initiating cells capable of self-renewal and
differentiation, which are also responsible for tumour growth,
have been identified in human haematological malignancies
and solid cancers. If such minority cell populations are
associated with tumour progression in human patients,
specific targeting of tumour-initiating cells could be a strategy
to eradicate types of cancer currently resistant to systemic
therapy. Schatton et al. (27) and Keshet et al. (28) have
demonstrated that chemoresistant cells expressing MDR1+
and/or ATP-binding cassette transporter (ABCB5) were
capable of inducing regression of melanomas in
xenotransplantation models. They advocate the existence of
malignant-melanoma-initiating cells (MMIC) that exhibit
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stem cell characteristics and increased survival due to a
treatment-resistant phenotype. The proteome analysis of the
cell lines and their corresponding xenografts revealed some
stem cell characteristics. These include the protein nestin
(P48681) and the stem cell growth factor CLC11 (Q9Y240)
that were found to be expressed in both the proteome of the
cell lines and their corresponding xenografts. Nestin is an
intermediate filament protein expressed in the cytoplasm of
neuroepithelial stem cells, associated also with multiple stem
cell populations (29). An increased expression of nestin in
malignant melanoma it was previously observed (30),
suggesting the participation of a stem cell population in the
disease. In accordance with this the expression of nestin in
the analysed samples may signify the presence of a nestin-
positive undifferentiated subpopulation among the cells,
which may further suggest the existence of a MMIC
population in both cell lines and xenografts. Furthermore,
consistent with the observation that MMIC are
chemoresistant, we identified P-glycoprotein class IA
(Q28963) in the cell line proteome. The absence of that
protein from the xenograft proteome possible relates to the
limited number of MMIC cells in the tumur in vivo.

Finally, the major goal of our study was the identification
of the differences between the in vitro (cell lines) and the
corresponding in vivo (xenografts) materials used for the
cancer studies. The proteomic analysis indicated 249 proteins
were found to be expressed only in the cell line proteomes,
while 178 proteins were expressed only in the xenograft
proteomes. These differentially expressed proteins may be
important in the response to treatment in the cell lines and
their xenografts and may to reflect the disease outcome and
metastasis as it was observed in humans (31).

Concluding, we herein present two novel CCS cell lines,
their corresponding xenografts and the proteome profiles for
them. To date there are no data, at least to our knowledge,
concerning the proteome profiling of CCS, thus this study
may help in the understanding of the molecular basis of this
rare but fatal disease, while the cell lines and the xenografts
reported herein may be useful tools in the development of
new therapeutic strategies.
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