
Abstract. Background: Ewing’s sarcoma cell lines may
represent a good in vitro model for the understanding of tumor
biology in this heterogeneous group of diseases. In the present
study, we report the establishment and characterization of a
primary Ewing’s sarcoma cell line (LDS-Falck 01). Materials
and Methods: LDS-Falck 01 was generated from a malignant
pleural effusion of a patient with metastatic peripheral primitive
neuroectodermal tumor arising from the chest wall. Extensive
characterization of the cells was accomplished using
immunocytochemical, RT-PCR and cytogenetic studies. Results:
In vitro LDS-Falck 01 cells had both anchorage-dependent and
-independent growth patterns. Immunocytochemical studies
showed that cells were PAS-, vimentin-, CD99- and NSE-
positive, EGFR- and CD117-negative. Cytogenetic analysis
revealed a complex hyperdiploid karyotype with multiple
chromosomal aberrations including an unbalanced
translocation t(11;22)(q24;q12). The EWS/FLI1 chimeric
transcript type 1 was detected. Conclusion: This cell line may
represent a valid tool for investigating the biomolecular
characteristics of this group of neoplasms and their sensitivity to
therapeutic agents.

The Ewing’s sarcoma family of tumors (ESFT) include
many related malignancies such as Ewing sarcoma (ES),
Askin’s tumor of the thoracic wall and peripheral primitive
neuroectodermal tumor (pPNET) (1). They are the second
most common type of sarcoma among children and young
adults, arising more frequently in the bone and soft tissues

(2). Histologically the tumor cells are uniformly bland with
a relatively low mitotic index (3) and a variable degree of
neural differentiation, difficult to recognize through only a
morphological approach (4).

The ESFT share the expression of the MIC2 gene
product, a glycoprotein also referred to as CD99, on their
cell membrane (5), which is a diagnostic marker of the
disease. In addition, almost 90% of cases show a typical
balanced chromosomal translocation, t(11;22)(q24;q12) or
t(21;22), that combines the N-terminal region of the EWS
gene (22 q12) with the C-terminal region of the FLI1
(11q24) or ERG (21q22) genes, members of the ETS family
of transcriptional factors (1, 6, 7). The translocation results
in the production of a chimeric gene and the resulting fusion
proteins are aberrant transcriptional activators involved in
the pathogenesis of the tumor and may also correlate with
the biological aggressiveness of the disease (8). The most
common fusion protein is that of type 1 (joining EWS exon
7 in frame with FLI1 exon 6), which seems to be an
independent positive prognostic factor (9), while non type 1
fusion proteins (present in 25% of cases) are thought to be
more potent activators of the transcriptional process than
type 1 protein (10). Some reports have described
establishment of permanent cell lines from pPNET (11-15),
useful for elucidating their histogenesis and studying
sensitivity to anticancer drugs or radiation. Here, we describe
a new cell line established from the pleural effusion of an
adult patient with metastatic disease that shows most of the
typical characteristics of the ESFT, but presents an
alternative mechanism in the rearrangement of the EWS-
FLI1 gene other than the classic balanced translocation (16).

Materials and Methods

Case report. A 56-year-old man presented with a fast-growing tumor
mass of the right chest wall in March 2000. An incisional biopsy
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showed a monomorphic population of neoplastic cells with round
nuclei and scant periodic acid-Schiff stain-positive cytoplasm;
immunohistochemical staining was positive for CD99, vimentin and
neuron-specific enolase (NSE); the histomorphological picture was
diagnostic for pPNET. A bone scan showed multiple bone
metastases, while the bone marrow trephine biopsy was negative. The
patient was treated with combination chemotherapy including high-
dose chemotherapy with hematopoietic stem cell transplantation,
achieving a partial response. Soon after completion of the treatment,
a malignant pleural effusion occurred. The tumor progressed rapidly
despite systemic and local therapy and the patient eventually died one
year from the initial diagnosis.

Establishment of a cell line and determination of the cell population
doubling time. The LDS-Falck 01 cell line was derived from the
malignant pleural effusion of the patient at the time of relapse. The
cell population grew partly in suspension and partly attached to tissue
culture flasks (Corning, Stone Staffordshire, UK) in Roswell Park
Memorial Institute-1640 medium (RPMI-1640) containing 10% fetal
calf serum (FCS), 2 mM L-glutamine, 100 Ìg/ml streptomycin, and
100 Ìg/ml penicillin (Life Technologies Inc., Paisely, UK) at 37ÆC and
5% CO2. They were subcultured by trypsinization with 0.25% trypsin
and 0.02% EDTA (Life Technologies Inc.) in a calcium/magnesium-
free balanced solution. The culture medium was changed twice a
week and cellular homogeneity was evaluated microscopically every
24-48 hours.

To determine the doubling time, 1x105 cells/ml were seeded in
each well of 24-well dishes (Corning) with fresh medium and the
number of viable cells were evaluated every 24 hours for 10 days.
Experiments were performed in triplicates. The doubling time was
determined from the slope of the best-fit line of a semi-log plot of
cell counts versus days in culture.

The cell line has undergone more than 70 passages in culture,
maintaining the same characteristics for morphology and antigen
and protein expression as that of the initial cells.

Clonogenic assay. For this analysis, 3x103 cells were grown in a
methylcellulose-based medium supplemented with fetal bovine
serum (Methocult, StemCell Technologies, Vancouver, Canada)
without cytokines. Colonies of more than 50 cells were counted
after 10 days of culture. The percentage of clonogenic cells was
calculated in four individual experiments as: (number of
colonies/number of initial cells) x100.

Immunohistochemistry. Cultured cells were fixed in 10% neutral-
buffered formalin, embedded in paraffin, sectioned and then stained
with hematoxylin-eosin and with periodic acid-Schiff stain (PAS).
Morphological examination of growing cultures was performed
using a direct phase-contrast microscope. Immunocytochemical
characteristics of LDS-Falck 01 were studied at the 10th passage,
and every 20 passages thereafter, by indirect immunoenzymatic
staining using monoclonal antibodies against CD99 (Dako,
Glostrup, Denmark), vimentin/Clone V9 (Dako), NSE
(Neomarkers, Fremont, CA, USA), EGFR (Neomarkers),
HER2/neu (HerceptTest, Dako) and CD117 (Dako), according to
the manufacturer’s recommendations.

Flow cytometry analysis. Cell suspensions were immunostained with
a panel of monoclonal antibodies FITC-conjugate (anti-CD57, 
-CD44, -CD56, -FAS, -CD71, -CD34 and -HLAABC), PE-

conjugate (anti-CD 99, -CD117, -CD54, -CD133, -CD103, -CD49D,
-CD29, -CD90, -CD138 and -CD86), PerCP-conjugate (anti CD45
and -HLADR) and APC-conjugate (anti-CD38) (BD Biosciences,
San Jose, CA, USA). For each fluorochrome, a match isotype
control antibody was used (BD Bioscence).

Briefly, cells were incubated with antibody at a concentration of
1 Ìg/106 cells for 20 minutes at 4ÆC and then washed with cold
phosphate-buffered saline (PBS) with 0.1% sodium azide. Labelled
cells were analysed using a FACSCalibur instrument (Becton
Dickinson, San Jose, CA, USA). Cell data were collected using a
four-decade log amplification scale on 20,000 to 75,000 viable gated
cells, as determined by forward and side light scatter intensity and
log fluorescence was displayed as single parameter histograms (17).

Chromosome analysis. Cytogenetic studies were performed from
the cell line at the same time as the immunohistochemistry assay,
according to standard techniques. Briefly, cells showing an
exponential growth pattern were arrested in metaphase by
treatment with 0.4 Ìg/ml colchicine for 1 h, followed by 0.075M
KCl (0.075M) and subsequent fixation with a 3:1 mixture of
methanol and glacial acetic acid. Quinacrine fluorescence (QFQ)-
binding metaphases were examined to estimate the breakpoints,
and C-banding induced by barium hydroxide and Giemsa (CBG)
was used to evaluate the centromeric heterochromatin. Karyotype
was determined according to the International System for Human
Cytogenetic Nomenclature criteria (18).

Detection of chimeric transcript EWS/FLI 1 by reverse transcriptase
polymerase chain reaction (RT-PCR). Total RNA was extracted
from the cell line using Trizol reagent (GibcoBRL, Gaithersburg,
MD, USA) according to the manufacturer’s instructions. Reverse
transcriptase-polymerase chain reaction was performed as
described elsewhere(19). The integrity of the mRNA was assessed
by an independent amplification using primers for the ubiquitously
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Figure 1. Growth curve of LDS-FALCK 01 cells. A semilog plot of the
increase in cell density following subculture, from cultures sampled daily
and counted. A straight line drawn through the part of the plot that
represents the exponential phase derives the population-doubling time,
which is less than 24 hours, from the middle region of this best-fit line.
Representative data are shown from one of three independent experiments,
all yielding similar results. Values represent the mean cell number±SEM.



expressed ‚-actin gene. The TC-71 cell line (ATCC, Rockville,
MD, USA) was used as a positive control for one of the two most
common types of t(11;22) fusion transcripts (20). One negative
control, consisting of peripheral blood mononuclear cells (PBMC)
from a healthy donor, was set at the time of each RNA extraction.
All amplification products were fractioned through a 2% agarose
gel together with a molecular weight marker (Marker VI,
Boehringer Mannheim, Germany) and stained with ethidium
bromide.

Results

Establishment and propagation of the LDS-Falck 01 cell line.
Tumor cells obtained from malignant pleural effusion were
cultured in complete medium and reached subconfluence 2
weeks after initial cultivation in primary culture.
Approximately 4 weeks later, at passage 6 to 7, the cells
began to grow rapidly and thereafter could be serially
subcultured at a dilution of 1:4 every 3 to 4 days. The mean
doubling time was less than 24 hours (Figure 1). Optimal
growth was obtained at 1x106 cells /ml; after 4 days, the cell
density ranged from 8 and 10x106 cells/ml. For storage, cells
were kept at a density of 1x107 cells/ml in freezing medium
which consisted of 90% FCS and 10% dimethyl sulphoxide
(DMSO), and stored in liquid nitrogen, retaining their
viability when cultures were re-established after thawing.
Results of clonogenicity showed that 95.5±1.01% of cells
were able to produce independent colonies in
methylcellulose-supplemented medium. This new cell line
was designated LDS-Falck 01 and has been maintained in
vitro for more than 70 passages without any phenotypic
differences between adherent and non-adherent cells.

Morphological and phenotypic characterization. Morphological
examination show that the cells grew both adherent and in
suspension, forming cell aggregates and multicellular tumor
spheroids without any phenotypic differences between adherent
and non-adherent cells. As assessed by light microscopy, the
LDS-Falck 01 cells were uniform in appearance with a high
nuclear:cytoplasmic ratio; the nuclei were round with finely
dispersed chromatin. When cytoinclused and stained with
hematoxylin-eosin, LDS-Falck 01 cells showed the characteristic
cytological features of ESFT, with monomorphic, PAS-positive,
small round cells with scant cytoplasm and hyperchromatic
nuclei (Figure 2A). Like the primary tumor, this cell line was
strongly positive for CD99/MIC2 (Figure 2B) and to a lesser
extent for NSE and vimentin (data not shown).
Immunocytochemical (ICC) staining for EGFR was negative
while weakly positive for HER2/neu; CD117 (c-kit) showed
focal positivity (data not shown).

Immunophenotyping of the cells was performed using
FACS analysis. The surface antigens expressed were studied
through the use of monoclonal antibodies with specificities
against cells of lymphoid, myeloid and tumor lineage. Log

fluorescence was collected and displayed as single parameter
histograms and fluorescence intensity was calculated as
linear units (U) in logarithmic scale to take into account the
weighting of the data distribution. Results of the cell surface
marker analysis are shown in Table I. Cells were all CD99-
positive and CD45-negative, in accordance with the diagnosis
of ESFT. In addition, LDS-Falck 01 cells were highly
positive for CD 90, positive for CD57, CD38 and CD49D,
and weakly positive for CD117 and CD 56.

Karyotype and molecular analyses. Cytogenetic analysis of 15
metaphase cells revealed an abnormal karyotype in all cells
examined at 450 band resolutions (Figure 3). The analysis at
passage 10, showed a composite karyotype with 62
chromosomes: 62,XX,+1,+1,+7,+7,+8,+8,+18,+18,+20,
+20,+21,+21,+der(22)t(11;22),(q24;q12)x2, +mar x2. The
most consistent abnormalities included the translocation
between chromosomes 11 and 22 with loss of chromosome 11,
additional copies of chromosomes 1, 7, 8, 18, 20 and 21, and
loss of chromosome Y. Some of the aberrations, such as gain
of chromosomes 7, 20 and 8 (21) and, less frequent, loss of
chromosome 11 (22), are known to be associated with Ewing’s
sarcoma. In order to determine if these cells maintained these
chromosomal anomalies, cells from passage 30 were also
analyzed (data not shown). These cells exhibited a karyotype
that was essentially similar to the earlier passages.

RT-PCR results are shown in Figure 4. A 330 bp band,
corresponding to the EWS/FLI-1 fusion transcript type 1
was detected both in LDS-Falck 01 and TC71 cell lines. A
negative sample (healthy donor PBMC) yielded no
EWS/FLI-1 amplification product but did generate a
product for the ‚-actin mRNA, thereby indicating the
presence of amplificable RNA.

Discussion

The difficulty of establishing long-term sarcoma cell lines
represents a limitation for the understanding of tumor
biology and the development of therapeutic models in this
heterogeneous group of diseases. In this report, we described
the establishment and characterization of a new ESFT cell
line (LDS-Falck 01) whose morphological features and
immunocytochemical staining are consistent with the original
tumor. Despite the limited number of mitotic figures, LDS-
Falck 01 cells have a short doubling time, grow well at low
density, can form large colonies in a semisolid medium, and
recover from cryopreservation quickly, making this cell line a
favorable model for in vitro investigations.

Chromosome analyses indicate that this cell line was
derived from highly malignant cells expressing cytogenetic
abnormalities that are associated with Ewing’s sarcoma.
LDS-Falck 01 shows a very complex karyotype with a
hyperdiploid chromosomal number and considerable
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Figure 3. G-banded karyotype analysis of LDS-Falck 01 cells performed at passage 20. 62,XX,+1,+1,+7,+7,+8,+8,+18,+18,+20,+20,+21,+21,
+der(22)t(11;22),(q24;q12)x2, +mar x2.

Figure 2. Morphological features of LDS-Falck 01 cells. Cytospins
prepared from LDS-Falck 01 after 20 passages were stained using
hematoxylin-eosin (A). Morphological analysis revealed the presence of a
uniform population with a high nuclear:cytoplasmic ratio. The nuclei are
round with finely dispersed chromatin and indistinct cytoplasm. (B)
Staining for MIC2 antigen showed strong, diffuse staining in tumor cells
(A, B: x1000 magnification, oil immersion).

Table I. Antigenic expression on the established LDS-Falck 01 cell line.
Fluorescence intensity was evaluated as linear units (U) in logarithmic
scale using the geometric mean (geo mean), a statistical parameter used
when events are not symmetrically distributed. Mean cell fluorescence was
evaluated by comparing the geometric mean fluorescence of the control
antibody-labelled sample with geometric mean fluorescence of the specific
antibody-labelled sample. Fluorescence intensity: (–) no expression; (+/–)
low expression; (+) moderate expression; (++) high expression; (+++)
very high expression.

Antigenic markers Geo mean (U) Fluorescence intensity

CD99 930.81 ++
CD45 41.70 –
CD44 15.73 –
CD117 144.53 +/–
HLADR 21.88 –
CD56 182.61 +/–
CD54 65.57 +/–
CD133 97.78 +/–
FAS 60.41 +/–
CD71 103.51 +/–
CD103 7.81 –
CD34 18.83 –
CD49D 99.82 +
HLAABC 41.06 –
CD29 34.98 +/–
CD90 5212.20 +++
CD138 71.07 +/–
CD86 46.49 +/–
CD38 24.13 +
CD57 296.59 +



heterogeneity as determined by the extent of the
abnormalities and the number of each of the abnormal
chromosomes. The most consistent abnormality is the
unbalanced translocation between chromosome 11 and 22,
usually balanced in ES (7), with the loss of chromosome 11.
While the t(11;22) is usually balanced in ESFT, the presence
of fusion on derivative 22 may be sufficient to explain the
presence of fusion transcript product. There are also
additional copies of various chromosomes, including
chromosome 8, which are considered to be associated with
tumor progression and poor clinical outcome (21, 22).

The antigenic pattern of the LDS-Falck 01 cell line is
consistent with Ewing’s sarcoma; in particular they are positive
for CD99/MIC2, NSE and vimentin. As for the tyrosine kinase
pathway, this cell line was weakly positive for HER2/neu,
while negative for EGFR and CD117 (c-kit). These results, in
keeping with previous reports (23, 24), do not exclude the
possibility that different mechanisms of aberrant signalling in
the tyrosine kinase or other signalling pathways may play a
role in the pathogenesis and progression of ESFT (25).

In conclusion, we have established and characterized a new
human cell line derived from the malignant pleural effusion
of a patient with primitive neuroectodermal tumor. This cell
line may represent a valid tool for investigating both the
biological and molecular characteristics of this group of
neoplasms and their sensitivity to therapeutic agents.
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