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Abstract
Ewing’s sarcoma is an aggressive mesenchymal tumor characterized by the presence of a unique EWSR1-FLI1 translocation.
Ewing’s sarcoma primarily occurs in the bone and soft tissues. Cell lines enable researchers to investigate the molecular
backgrounds of disease and the significance of genetic alterations in relevant cellular contexts. Here, we report the establishment
and characterization of a novel Ewing’s sarcoma cell line following primary Ewing’s sarcoma tumor tissue culture. The
established cell line was authenticated by DNA microsatellite short tandem repeat analysis, characterized by in vitro assays,
and named NCC-ES1-C1. The NCC-ES1-C1 cell line grew well for 15 mo and was subcultured more than 50 times during this
period. Characterization of the cells revealed that they were not adherent and showed floating features. In conclusion, we
successfully established a novel Ewing’s sarcoma cell line, NCC-ES1-C1, from primary tumor tissue. The cell line has the
characteristic EWSR1-FLI1 gene fusion and exhibits aggressive growth in vitro. Thus, the NCC-ES1-C1 cell line will be a useful
tool for investigating the mechanisms of disease and the biological role of the EWSR1-FLI1 fusion gene.
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Introduction

Although Ewing’s sarcoma is rare, it is the second most com-
mon primary malignant bone tumor. Ewing’s sarcoma pre-
dominantly occurs in children and young adolescents, and
accounts for 3% of all childhood malignancies (Rodriguez-

Galindo et al. 2007). Ewing’s sarcoma is characterized by
the formation of chimeric fusions between the EWS gene
and one of the members of the ETS family of transcription
factors and 85% of Ewing’s sarcoma cases habor the EWSR1-
FLI1 fusion (Delattre et al. 1992; de Álava et al. 2013). The
EWSR1-FLI1 fusion product transcriptionally regulates gene
expression (Staege et al. 2004), promoting malignant transfor-
mation by driving the expression of cancer-associated genes
(Bailly et al. 1994; Schwentner et al. 2015). The malignant
potential of Ewing’s sarcoma cells depends on the EWSR1-
FLI1 fusion oncoprotein (Prieur et al. 2004; Jedlicka 2010;
Toomey et al. 2010; Lessnick and Ladanyi 2012; Grohar
and Helman 2013), suggesting the possible utility of the
EWSR1-FLI1 fusion oncoprotein as a drug target (Uren and
Toretsky 2005). Intensive chemotherapy has improved out-
comes of patients with Ewing’s sarcoma in the last several
decades, and the 5-yr survival rate in patients with localized
disease is 70% (Womer et al. 2012). However, treatment op-
tions for Ewing’s sarcoma patients with refractory or recurrent
tumors are limited (Felgenhauer et al. 2013). Recently, several
molecular targeting drugs such as pazopanib (Kasper and
Hohenberger 2011; Yamamoto et al. 2014; Alcindor 2015;
Attia et al. 2015), figitumumab (Olmos et al. 2010),
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ganitumab (Juergens et al. 2011; Tap et al. 2012), and
regirafenub (clinicaltrials.gov/show/NCT02048371), have
been used in the treatment of Ewing’s sarcoma. However,
novel therapies using molecular targeting drugs have not yet
been developed for Ewing’s sarcoma.

Tissue cultured cells are invaluable tools for pre-clinical
research, including examination of the effects of drugs on cell
behavior and molecular mechanisms of the tumor suppressive
effects of compounds. Currently, a limited number of Ewing’s
sarcoma cell lines are available in public cell banks (Bairoch
n.d.). Here, we report the establishment of a novel Ewing’s
sarcoma cell line. This cell line was established from primary
tumor tissues of a 31-yr-old male patient with Ewing’s sarco-
ma. We characterized the established cell line and used it to
examine the efficacy of currently available anti-cancer drugs.

Materials and Methods

Patient background The donor was a 31-yr-old man who had
been referred to the National Cancer Center Hospital, Tokyo,
Japan, for a bone tumor of the left tibia with progressing knee
pain (Fig. 1A, B, C). An incisional biopsy was performed, and
fluorescence in situ hybridization revealed FLI1-rearrange-
ment (data not shown). Single pulmonary metastasis and mul-
tiple bone metastases were detected by computed tomography
(CT) scan and positron emission tomography–CT of the
whole body (Fig. 1D). The definitive diagnosis was dissemi-
nated Ewing’s sarcoma. The donor patient underwent adju-
vant chemotherapy, comprising vincristine, doxorubicin, cy-
clophosphamide, and actinomycin D, and thigh amputation as
local therapy. However, 8 months after the commencement of
treatment, the patient died, with multiple visceral, bone, and
soft tissue metastases. This study was approved by the ethics
committee of the National Cancer Center and written in-
formed consent was obtained from the patient.

Establishment of a novel ES cell line Small tumor tissuewas cut
into small pieces and mechanically dissociated by passing
through an 18-gauge (1.02 mm) needle. Cell suspensions were
maintained in culture medium DMEM/F12 containing 10%
FBS (Gibco, Grand Island, NY) at 37°C in a humidified atmo-
sphere with 5% CO2. Floating and poorly adherent cells were
harvested by centrifugation at 1000 rpm/min. The tissue culture
medium was exchanged every week. The absence of contami-
nated mycoplasma was confirmed using e-Myco Mycoplasma
PCR Detection Kit (Intron biotechnology, Gyeonggi-do, Korea)
according to the manufacture’s instruction.

Authentication and quality control of the established cell line
Genomic DNAwas extracted from the tumor tissues or tissue
cultured cells using AllPrep DNA/RNA Mini kits (Qiagen,
Hilden, Germany). The concentration of DNA was quantified

using a NanoDrop 8000 (Thermo Fisher Scientific, Waltham,
MA), and the DNA samples were stored at − 80°C until use.
Authentication of cells was achieved by examining short tan-
dem repeats (STRs) at 10 loci using STR multiplex assays
(GenePrint 10; Promega, Madison, WI) according to the proto-
col recommended bymanufacturer. Genomic DNA (10 ng) was
amplified and then examined using a 3500xL Genetic Analyzer
(Applied Biosystems, Foster City, CA). Data analysis was per-
formed using GeneMapper 5 software (Applied Biosystems).

Figure 1. Clinical imaging data of the patient with Ewing’s sarcoma.
Plain X-ray showing an ill-defined bone lesion of the proximal
metaphysis to the center of diaphysis in the left tibia (A). The skeletal
tumor was heterogeneous, with iso- to high-intensity signal and over
18 cm long, and an accompanying extraskeletal mass was identified in
T2-weighted magnetic resonance imaging, coronal view (B) and axial
view (C) of the left lower extremity. Whole body positron emission to-
mography (D) detectedmultiple metastases in the lung and spine (arrows)
as well as the primary site (arrowheads).
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The STR profiles obtained were compared with those recorded
in public cell banks including the American Type Culture
Collection, Deutsche Sammlung von Mikroorganismen und
Zellkulturen, and the Japanese Collection of Research
Bioresources Cell Bank for reference matching.

Fusion transcript Total RNA was reverse transcribed using
Superscript III reverse transcriptase (Invitrogen, Carlsbad, CA).
PCR amplifications were performed with EWSR1 forward primer
F-EWS_22ex7 (5′- TCCTACAGCCAAGCTCCAAGTC-3′) and
FLI1 reverse primer R-FLI1_11ex9 (5′- ACTCCCCGTTGGTC
CCCTCC-3′) using PlatinumTaq DNA polymerase (Thermo
Fisher Scientific, Waltham, MA) (Gamberi et al. 2011). The am-
plification program consisted of an initial denaturation at 94°C for
2 min and then 40 cycles of denaturation at 94°C for 15 s, anneal-
ing at 60°C for 30 s, extension at 68°C for 30 s, and a final
extension at 72°C for 5 min using the GeneAmp PCR System
9700 (Applied Biosystems). PCR products were purified with
ExoSap-IT (Affimetrix, Santa Clara, CA) and directly sequenced
using BigDye v3.1 cycle Sequencing Kit (Applied Biosystems)
on theAppliedBiosystems 3130xLGenetic Analyzer by Eurofins
genomics (Tokyo, Japan). The sequence data were matched
against EWSR1 (NM_005243.3) and FLI1 (NM_002017.4) se-
quences, using BLAST (NIH, Bethesda, MD).

Cell proliferation assay Cells were seeded in five 96-well cul-
ture plates at a density of 1 × 105 cells/well. Cell proliferation
was evaluated using the Cell Counting Kit (CCK)-8 kit
(Dojindo Molecular Technologies, Kumamoto, Japan), ac-
cording to the manufacturer’s protocol. In brief, CCK-8 re-
agent was added to each well after dissociation of aggregated
cells by pipetting. The cells were then incubated at 37°C for
2 h. Absorbance at 450 nm was measured using a microplate
reader (Bio-Rad, Hercules, CA).

Study of single nucleotide polymorphism (SNP) array SNP
array genotyping was performed using the Infinium
OmniExpressExome-8 v1.4 BeadChip (Illumina, San Diego,
CA) according to the manufacturer’s instructions. In brief,
genomic DNAwas extracted from tumor cells and amplified.
Amplified DNA then reacted with the array slides in an iScan
system (Illumina). Log R ratios and B allele frequencies were
calculated using Genome Studio 2011.1 + cnvPartition v3.2.0
(Illumina) and KaryoStudio Data Analysis Software version
1.0 (Illumina). Log R ratios and B allele frequencies repre-
sented the normalized signal intensity and the normalized ratio
of B allele to the total of both A and B alleles.

Screening anti-cancer drugs for cell growth inhibition Cells
were seeded at a density of 5000 cells/well in a 384-well
culture plate in DMEM/F12 medium containing 10% fetal
bovine serum, and grown overnight at 37°C in an atmosphere
with 5% CO2. One hundred sixty-four low molecular weight
chemical compounds, including FDA-approved drugs
(Selleck chemicals, Houston, TX), were added using the
Bravo Automated liquid handling platform (Agilent technol-
ogies, Santa Clara, CA). After 72 h of treatment, living cells
were measured by CCK-8. Experiments were performed in
duplicate. The anti-cancer drugs used in this study are listed
in Supplementary Table 1.

Xenotransplantation of established cell line NCC-ES1-1C
cells (1 × 106) were subcutaneously engrafted into the hind
bilateral flanks of 6–10-wk-old female severe immunodefi-
cient NOD.Cg-PrkdcscidIl2rgtm1Sug/Jic (also known as NOD/
Shi-scid IL-2Rγnull or NOG) mouse (Central Institute for
Experimental Animals, Kanagawa, Japan) with a 25-gauge
transplant needle. Tumor formation was visually monitored
for 153 d after engraftment. All animal experiments were per-
formed in accordance with the guidelines for Animal
Experiments of the National Cancer Center and approved by
the Institutional Committee for Ethics of Animal
Experimentation.

Results

Detection of EWSR1-FLI1 fusion transcript in the tumor and
cell line We established a cell line, NCC-ES1-C1, from the
primary tumor of a patient with Ewing’s sarcoma. The pres-
ence of the EWSR1-FLI1 fusion transcripts, unique to Ewing’s
sarcoma, in the original tumor tissue and the established cell
line was confirmed by RT-PCR and direct Sanger sequencing.
Fusion of exon 7 of EWSR1 and exon 8 of FLI1 was consis-
tently observed in both the tumor tissue (Fig. 2A, upper panel)
and the cell line (Fig. 2A, lower panel).

Authentication of the established cell line STR allele patterns
were identical in the original tumor and the cell line (Table 1),
and evaluation values higher than 0.7 were not found in public
cell banks. Thus, we conclude that the cell line established in
the present study is original and had not been previously re-
ported. Based on the guidelines of the International Cell Line
Authentication Committee (Capes-Davis et al. 2014; BThe
International Cell Line Authentication Committee n.d.^), we
used PCR to examine the tissue culture medium for mycoplas-
ma contamination. We did not identify DNA fragments
unique to mycoplasma (data not shown).

Characterization of NCC-ES1-C1 cells NCC-ES1-C1 cells ex-
hibited floating and low adherent properties, and showed

�Figure 2. Characterization of the NCC-ES1-C1 cell line. NCC-ES1-C1
and tumor mRNA was reverse transcribed, and the EWSR1-Fli1 fusion
transcript was sequenced using Sanger sequencing (A, upper panel, orig-
inal tumor tissue; lower, NCC-ES1-C1 cells). Phase-contrast images of
NCC-ES1-C1 cells in suspension cultures (B, C). Cell proliferation was
evaluated using the CCK-8 assay (D).
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spheroid formation, even when seeded on conventional tissue
culture plates (Fig. 2B, C). The spheroids were highly com-
pact with no distinction between central and peripheral re-
gions and a wide size range. Based on the growth curve, the
population doubling time during the logarithmic growth phase
was approximately 33 h (Fig. 2D).

Genomic characteristics of tumor tissue and tissue culture
cellsAn SNP array was used to determine chromosomal gains
and losses in the NCC-ES1-C1 cells (Fig. 3). Partially gains
were observed at chromosome 11 and 22 on the long arm

coincidence of Ewing’s sarcoma harboring with the
t(11;22)(q24;q12). Overall, there were few chromosomal
gains and losses throughout the entire genome were not
excessive.

Xenotransplantation of established cell lineWemonitored the
tumor formation from subcutaneously engrafted tumor cells
for 153 d. However, we did not observe the tumor formation,
and concluded that the NCC-ES2-C1 cells did not have a
capability to form tumors in mice.

Sensitivity to the treatments with anti-cancer drugs The sen-
sitivity to anti-cancer drugs clinically available for cancer ther-
apy was assessed in NCC-ES1-C1 cells. Cells were treated
with 10 μM of each of 164 anti-cancer drugs (Fig. 4A,
Supplementary Table 1), and the cytotoxic effects of anti-
cancer drugs were evaluated by a CCK-8 method as described
in our previous studies (Kito et al. 2018; Oyama et al. 2018a b,
c; Sakumoto et al. 2018). When the cell viability threshold
was set to 20%, five drugs, including belinostat, bortezomib,
mytomycin C, romidepsin, and sorafenib tosylate, displayed
growth-suppressive effects on NCC-ES1-C1 cells. The IC50
values of belinostat, bortezomib, mytomycin C, romidepsin,
and sorafenib tosylate were 0.213, 0.002, 0.424, 0.003, and
5.039 μM, respectively (Fig. 4B–F). The IC50 value of
pazopanib was considerably high such as 188.8 μM. These

Table 1. Results of STR analysis

Microsatellite (chromosome) NCC-ES1-C1 (P11) Tumor tissue

Amelogenin (X Y) X, Y X, Y

TH01 (3) 7,9 7,9

D21S11 (21) 28.31 28.31

D5S818 (5) 10,11 10,11

D13S317 (13) 8 8

D7S820 (7) 11,12 10,11,12

D16S539 (16) 12,13 11,12,13

CSF1PO (5) 11,12 11,12

vWA (12) 17,18 17,18

TPOX (2) 10,11 11

Figure 3. Copy number profiles of the NCC-ES1-C1 cell line. Log R ratio and B allele frequency are shown to describe SNPmarkers in the cells. Below
the plot, chromosomal ideograms are exhibited to position the markers.
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results identify these drugs as candidate anti-cancer drugs for
Ewing’s sarcoma treatment.

Discussion

Patient-derived cancer models are invaluable tools for cancer
research. By investigating phenotypic changes induced by the
transfection of genes and treatment with anticancer drugs in
these cell lines, we can determine the functions of novel or
interesting genes and assess the possible effects of anticancer
drugs. Although many Ewing’s sarcoma cell lines are avail-
able in cell banks, these cell lines generally lack clinical infor-
mation about the donor patients. Cell lines with clinical and
pathological information will be a useful resource for

interpretation of experimental results. Therefore, we have de-
scribed the details of the donor patient from whom the NCC-
ES1-C1 cells were derived (Fig. 1). In contrast, Ewing’s sar-
coma cell lines available from public cell banks such as ATCC
did not accompany such detailed clinical and pathological
information (ATCC, www.atcc.org). Considering the clinical
and biological heterogeneity of the tumor and among patients,
a single cell line may not be sufficient to establish a correlation
between in vitro observations and clinical features. Thus,
multiple cell lines from single tumors with the same
histological background are required. Ewing’s sarcoma is an
extremely rare sarcoma, so conscientious efforts will be
required for the establishment of such cell lines.

We confirmed that the EWSR1-FLI1 fusion transcript was
preserved in the NCC-ES1-C1 cell line (Fig. 1A). Previous

Figure 4. Anti-cancer drug screening in NCC-ES1-C1 cells. (A) NCC-
ES1-C1 cells were treated with each of 164 anti-cancer compounds
(10 μM) for 72 h. (B–F) Five of the tested drugs inhibited the grown of
NCC-ES1-C1 cells when the cell viability threshold was set to 20%.

Viability of the cells treated with belinostat, bortezomib, mytomycin C,
romidepsin, and sorafenib tosylate anti-cancer drugs. The IC50 value is
shown for each anti-cancer drug.
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studies in a model system with the EWSR1-FLI1 fusion gene
demonstrated that EWSR1-FLI1 gene expression patterns re-
sembled those observed in the original tumor (Moore et al.,
2015), probably because EWSR1-FLI1 functions as a tran-
scription regulator. In the present study, gene expression stud-
ies were not possible as none of the original tumor remained.
However, this hypothesis should be confirmed in our future
study when we establish Ewing’s sarcoma cell lines.

Although Ewing’s sarcoma is a solid tumor, NCC-ES1-C1
cells are suspension cells (Fig. 2B, C). (Kodama et al. 1991)
previously reported a Ewing’s sarcoma cell line, CADO-ES1,
which was established from pleural effusion and partially at-
tached to the tissue culture flask. Anchorage-independent
growth is a sign of malignant tumor cells (Santini and
Rainaldi 1999), and (Lawlor et al. 2002) reported that, in
Ewing’s sarcoma, anchorage-independent spheroids were
more closely related to primary tumors with respect to cell
morphology, cell-cell junctions, proliferative index, and ki-
nase activation. Therefore, NCC-ES1-C1 cells should be an
appropriate model to investigate the malignant characters of
tumor cells in Ewing’s sarcoma in vivo.

The NCC-ES1-C1 cell line exhibited continual growth
(Fig. 2D), suggesting that these cells can be used in cell-
based assays such as those for the anti-proliferative effects
of novel compounds and ectopic gene expression studies.
We investigated the genomic integrity of the cell line using
SNP array. We found that although there was some amplifica-
tion and deletion of genes, it was not frequently observed in
NCC-ES1-C1 cells (Fig. 3). Chromosome instability is a dis-
tinctive feature of cancer cells (Snijders et al. 2001). However,
the chromosomal constitution of Ewing’s sarcoma is relatively
stable, likely because these tumor cells depend on EWS-ETS
fusion proteins, and there are few recurrent genetic lesions
(Brohl et al. 2014; Crompton et al. 2014; Tirode et al. 2014).
Our results are consistent with these reports.

By screening a library of 164 anti-cancer drugs, we found
that certain drugs had suppressive effects on growth at rela-
tively low concentrations (Fig. 4, Supplementary Table 1).
Specifically, these drugs included belinostat, bortezomib,
Mitomycin C, romidepsin, and sorafenib. These anti-cancer
drugs have different paharmacological activieis. Belinostat
(Plumb et al. 2003) and romidepsin (Ueda et al. 1994) are
histone deacetylase inhibitors. Bortezomib is a proteasome
inhibitor (Adams and Kauffman 2004). Mitomycin C has an
anti-tumor activity by bioreductive alkylation and DNA cross
linking (Tomasz 1995). Sorafenib is an inhibitor for multiple
kinases such as B-raf, c-KIT, VEGFT, and PDGFR (Wilhelm
et al. 2004; Carlomagno et al. 2006). As these drugs have been
used for the treatments of other malignancies, their use in the
treatment of Ewing’s sarcoma is worth reexamining. The
number of patients with Ewing’s sarcoma is awfully limited,
making it difficult to perform conventional clinical trials in a
practical period of time. The model systems that faithfully

reproduce the response to treatments will be helpful for the
efficient clinical trials. The anti-cancer drugs whose
proliferation-suppressive effects on Ewing’s sarcoma cells
are worth investigating by using other patient-derived models
such as organoids and xenogrfats for clinical trials.

Conclusion

We established and characterized a novel patient-derived
Ewing’s sarcoma cell line, NCC-ES1-C1. NCC-ES1-C1 cells
retained the characteristic chimera transcript and genomic fea-
tures unique to Ewing’s sarcoma. These cells also grew in
continuously in suspension, forming spheroid shapes. We
demonstrated that a drug library can be screened using
NCC-ES1-C1 cells. Thus, we postulate that the NCC-ES1-
C1 cell line will be a useful resource in research on Ewing’s
sarcoma. In contrast, the original tumor tissue was not
remained for global expression study, and the similarity of
gene and protein expression between the original tumor cells
and NCC-ES1-C1 cells were not evaluated in this study.
Moreover, although the clinical data of a donor patient for
NCC-ES1-C1 cells are detailed, a single cell line cannot is
not enough to establish a meaningful association between
the cell line characters and clinical observations. Thus, more
number of cell lines should be required to promote the devel-
opment of therapeutic strategies in Ewing’s sarcoma.
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