
Establishment and Characterization of a Novel Human
Desmoplastic Small Round Cell Tumor Cell Line,

JN-DSRCT-1
Jun Nishio, Hiroshi Iwasaki, Masako Ishiguro, Yuko Ohjimi, Chikako Fujita,
Fumio Yanai, Keiko Nibu, Akihisa Mitsudome, Yasuhiko Kaneko, and
Masahiro Kikuchi

Departments of Pathology (JN, HI, MI, YO, CF, MK) and Pediatrics (FY, KN, AM), School of Medicine, Fukuoka

University, Fukuoka; and Department of Cancer Chemotherapy (YK), Saitama Cancer Center Hospital,

Saitama, Japan

SUMMARY: The exact nature of the desmoplastic small round cell tumor (DSRCT) remains controversial. More detailed analyses
might be facilitated by the establishment of permanent DSRCT cell lines. To date, however, no human DSRCT cell line has been
reported. In this study, we report the establishment of a new human cell line, JN-DSRCT-1, from the pleural effusion of a
7-year-old boy with pulmonary metastasis from a typical intra-abdominal DSRCT. JN-DSRCT-1 cells were small round or spindle
shaped with oval nuclei and have been maintained continuously in vitro for over 190 passages during more than 40 months.
Histologic features of the heterotransplanted tumors in severe combined immunodeficiency mouse were essentially the same as
those of the original DSRCT, revealing nests or clusters of small round cells embedded in an abundant desmoplastic stroma. Both
in vitro and in vivo, the cells exhibited immunopositive reactions for vimentin, desmin, cytokeratins (AE1/AE3 and CAM 5.2),
epithelial membrane antigen, neuron-specific antigen, and CD57 (Leu-7). JN-DSRCT-1 cells exhibited a pathognomonic
t(11;22)(p13;q12) translocation by cytogenetic analysis. In addition, RT-PCR and sequencing analysis revealed a chimeric
transcriptional message of the Ewing’s sarcoma gene exon 10 fused to the Wilms’ tumor gene exon 8. To our knowledge, this
is the first permanent human DSRCT cell line. The JN-DSRCT-1 cell line, which exhibits the unique morphologic and genetic
characteristics of DSRCT, will be extremely useful for a variety of important studies such as the pathogenic mechanism, biologic
behavior, and therapeutic model of human DSRCT. (Lab Invest 2002, 82:1175–1182).

T he desmoplastic small round cell tumor (DSRCT)
is a relatively rare malignant tumor that typically

involves the abdominal and/or pelvic peritoneum of
children and young adults (Weiss and Goldblum,
2001). Despite a distinct clinicopathologic entity, the
exact nature of this tumor is not known. Although
several authors have suggested a histogenetic rela-
tionship to the mesothelium or submesothelial mes-
enchyme (Gerald et al, 1991; Parkash et al, 1995),
such hypothesis often fails to account for tumors
located in the brain, hand, parotid, and neck (Adsay et
al, 1999; Mihok and Cha, 2001; Tison et al, 1996; Wolf
et al, 1999). Recent cytogenetic and molecular studies
have indicated that the t(11;22)(p13;q12) translocation
and the resulting Ewing’s sarcoma gene-Wilms’ tumor
gene (EWS-WT1) fusion gene induced by this translo-
cation are pathognomonic for DSRCT (Argatoff et al,
1996; Biegel et al, 1993; Brodie et al, 1995; de Alava et

al, 1995; Gerald et al, 1995; Ladanyi and Gerald, 1994;
Rodriguez et al, 1993; Sawyer et al, 1992).
A stable human DSRCT cell line that retains the

unique in vitro and in vivo features of DSRCT would
facilitate the study of this tumor. To our knowledge, no
human cell line derived from DSRCT has been devel-
oped. In this report, we describe the development of a
novel human cell line, JN-DSRCT-1, derived from an
intra-abdominal DSRCT, which may provide a useful
in vitro model for the study of the pathogenesis of
DSRCT.

Results

Establishment of the JN-DSRCT-1 Cell Line

With the establishment of the primary culture, tumor
cells showed excellent growth without contact inhibi-
tion from the beginning. Three weeks after initial
cultivation in the primary culture, small round or
spindle-shaped tumor cells reached subconfluence as
well as the appearance of some piled-up cell foci. The
cells were collected after a 5-minute digestion at
37° C with a 0.1% trypsin solution and replated in two
25-cm2 plastic flasks containing fresh medium. There-
after, the cells were serially subcultured at a dilution of
1:2 when confluent. Approximately 2 months later, at
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passage 5 to 6, the cells began to grow rapidly and
thereafter could be serially subcultured at a dilution of
1:2 or 1:4 every week. This new cell line was desig-
nated JN-DSRCT-1 and has been maintained in vitro
for more than 190 passages (a period of more than 40
months). The population-doubling time of JN-
DSRCT-1 cells in logarithmic growth phase was ap-

proximately 38 hours. The maximum cell density was
approximately 5.2 � 105 cells/cm2.

Tumorigenicity in Severe Combined Immunodeficiency
(SCID) Mice

To evaluate the tumorigenicity of the cell line, we
injected JN-DSRCT-1 cells subcutaneously into SCID
mice. Small elastic hard nodules were first palpable in
SCID mice approximately 4 weeks after inoculation of
JN-DSRCT-1 cells. Two months later, the tumors had
grown to 1.5 cm in diameter. The cut surfaces of these
tumors were solid and white with small necrotic foci.

Morphologic Characterization In Vitro and In Vivo

As assessed by light microscopy, JN-DSRCT-1 cells
growing on coverslips were small round or spindle
shaped with extended thin processes. The cells pro-
liferated loosely or in a sheet-like pattern accompa-
nied by irregularly piled-up foci. The nuclei were oval
with inconspicuous nucleoli (Fig. 2A). As shown by
immunocytochemistry (Table 2), these cells were
mostly positive with antibodies against vimentin (Fig.
2B), desmin (Fig. 2C), AE1/AE3 (Fig. 2D), CAM 5.2,
epithelial membrane antigen (EMA) (Fig. 2E), CD57
(Fig. 2F), and WT1 and occasionally with antibodies
against neuron-specific enolase (NSE) and CD99. The
other antibodies tested in vitro were negative. On the
other hand, the heterotransplanted tumors revealed
essentially the same histology as the original tumor,
although the tumor cells had more abundant vacuo-
lated cytoplasm or a signet ring-like appearance.

Figure 1.
Light microscopic findings of the original tumor primarily arising in the
abdominal cavity in a 7-year-old boy. A, The original tumor is composed of
irregular nests with small round cells embedded in an abundant desmoplastic
stroma, corresponding to desmoplastic small round cell tumor (DSRCT)
(hematoxylin and eosin [HE], original magnification, �80). B, Strongly and
diffusely immunopositive reaction of tumor cells for desmin. C, Focally positive
immunoreactivity of tumor cells for AE1/AE3. D, Weakly positive immunore-
activity of some tumor cells for CD57 (streptavidin-biotin procedure, original
magnification, �160).

Table 1. Antibodies Used in the Present Study

Antibody Type Source Dilution

Vimentin M Dakopatts, Kyoto, Japan 1:50
Desmin M Dakopatts 1:50
AE1/AE3 M Dakopatts 1:50
CAM 5.2 M Becton Dickinson, San Jose, California Prediluted by manufacturer
EMA M Dakopatts 1:50
NSE M Dakopatts 1:200
CD57 (Leu-7) M Becton Dickinson 1:40
Synaptophysin M Dakopatts 1:10
Chromogranin A M Dakopatts 1:50
Neurofilaments M Dakopatts 1:200
GFAP P Dakopatts 1:200
S-100 protein P Dakopatts 1:1000
�-SMA M Dakopatts 1:50
MSA (HHF35) M Enzo Diagnostics, Farmingdale, New York 1:50
Myoglobin P Dakopatts 1:50
MyoD1 M Dakopatts 1:50
Myogenin M Dakopatts 1:50
�-sarcomeric actin M Dakopatts 1:50
CD15 (Leu-M1) M Becton Dickinson 1:100
CD99 (MIC2 protein) M Signet Laboratories, Dedham, Massachusetts Prediluted by manufacturer
WT1 (C-19) P Santa Cruz, Santa Cruz, California 1:100

EMA, epithelial membrane antigen; NSE, neuron-specific enolase; GFAP, glial fibrillary acidic protein; �-SMA, �-smooth muscle actin; MSA, muscle-specific actin;
WT1, Wilms’ tumor gene; M, monoclonal (mouse); P, polyclonal (rabbit).

Nishio et al

1176 Laboratory Investigation • September 2002 • Volume 82 • Number 9



Specifically, the tumors were composed of irregular
clusters or strands of small round cells embedded in a
dense desmoplastic stroma (Fig. 3A). Immunohisto-
chemically (Table 2) the tumor cells were frequently
positive for vimentin (Fig. 3B) and desmin (Fig. 3C) and
occasionally for AE1/AE3, CAM 5.2, EMA (Fig. 3D),
NSE (Fig. 3E), CD57, CD99, and WT1 (Fig. 3F) but
were negative for the other antibodies tested in vivo.

Cytogenetic Findings

To assess the karyotype of the cell line, a total of 15
JN-DSRCT-1 metaphases were examined. All met-
aphases revealed the same karyotypic pattern of 48, XY,
�5, der(8)del(8)(p21)t(1;8)(q21;q24), t(11;22)(p13;q12),
del(16)(q22), del(17)(p11), add(21)(p11), �der(22)t(11;22)
(p13;q12) (Fig. 4).

Figure 2.
Light microscopic findings of JN-DSRCT-1 cells in vitro. A, Small round or spindle shaped cells grown in a monolayer, containing oval nuclei with inconspicuous
nucleoli and thin cytoplasmic processes (HE, original magnification, �160). Most JN-DSRCT-1 cells exhibit strongly immunopositive reaction for vimentin (B), desmin
(C), AE1/AE3 (D), epithelial membrane antigen (EMA; E), and CD57 (F) (streptavidin-biotin procedure, original magnification, �160).
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Molecular Findings

To verify the t(11;22)(p13;q12) translocation in the
JN-DSRCT-1 cell line, we used RT-PCR to detect the
EWS-WT1 fusion transcript. As shown in Figure 5, the
EWS-WT1 fusion transcripts were detected as a single
band of 449 bp in the JN-DSRCT-1 cells and in the
original tumor tissue but not in the negative controls.
However, the size of PCR products in this study was
much larger than that seen characteristically in DSRCT
(the expected size was 197 bp). The glyceraldehyde-
3-phosphate dehydrogenase (G3PDH) transcripts
from each sample yielded a single band of approxi-
mately 450 bp (Fig. 5). Nucleotide sequence analysis
of the PCR products showed an in-frame fusion of
EWS exon 10 to WT1 exon 8, corresponding to a
variant EWS-WT1 gene fusion previously described by
Antonescu et al (1998) (Fig. 6).

Discussion

To our knowledge, no human cell line derived from
DSRCT has been described. In this study, we estab-
lished a new human cell line, JN-DSRCT-1, from the
pleural effusion of a 7-year-old boy with pulmonary
metastasis. JN-DSRCT-1 cells, both in vitro and in
vivo, exhibited a small round shape with immunopo-
sitive reactions for epithelial, mesenchymal, and neu-
ral markers. In addition, the JN-DSRCT-1 cells in vivo
exhibited morphologic characteristics of DSRCT, such
as irregular nests or clusters of small round cells

embedded in a dense desmoplastic stroma. There-
fore, these findings obtained from the JN-DSRCT-1
cell line were compatible with those of human DSRCT
(Ordonez, 1998a, 1998b; Weiss and Goldblum, 2001).

Recurring chromosome rearrangements, particularly
those that serve as diagnostic or prognostic markers, are
often critical events in tumorigenesis in a number of soft
tissue tumors (Weiss and Goldblum, 2001). The nature of
each chromosome rearrangement often suggests the
mechanism by which specific genes participate in tu-
morigenesis. The unique translocation of chromosomes
11 and 22, t(11;22)(p13;q12), has been detected in more
than 75% of DSRCTs (Weiss and Goldblum, 2001). This
translocation is therefore considered pathognomonic for
this tumor and leads to the formation of a fusion gene
between WT1 on chromosome 11 and EWS on chromo-
some 22 (Ladanyi and Gerald, 1994). Using RT-PCR, it is
possible to detect the EWS-WT1 fusion transcripts (Ar-
gatoff et al, 1996; Brodie et al, 1995; de Alava et al, 1995;
Gerald et al, 1995). Thus, detection of this specific
translocation by cytogenetic analysis and of EWS-WT1
fusion transcripts by RT-PCR are particularly useful for
identifying DSRCT, which may be difficult to distinguish
from other small round cell tumors including extraskel-
etal Ewing’s sarcoma/primitive neuroectodermal tumor,
rhabdomyosarcoma, neuroblastoma, lymphoma, poorly
differentiated carcinoma, small-cell carcinoma, Merkel-
cell carcinoma, and malignant mesothelioma. In this
study, JN-DSRCT-1 cells showed the pathognomonic
t(11;22)(p13;q12) translocation in all cells examined. Fur-
thermore, JN-DSRCT-1 cells were proven specific for
the EWS-WT1 fusion gene by RT-PCR. To our knowl-
edge, the EWS-WT1 fusion gene has been described
only in DSRCTs, although some variant forms of EWS-
WT1 fusion as in our case have been reported (Adsay et
al, 1999, Antonescu et al, 1998; Chan et al, 1999;
Shimizu et al, 1998). Therefore, these cytogenetic and
molecular genetic findings also support the JN-
DSRCT-1 cell line as a DSRCT.

In conclusion, we have isolated and characterized a
novel permanent human cell line JN-DSRCT-1, estab-
lished from an intra-abdominal DSRCT. This cell line
has retained the morphologic characteristics of
DSRCT both in vitro and in vivo, with expression of
epithelial, mesenchymal, and neural antigens and the
EWS-WT1 fusion gene. Therefore, JN-DSRCT-1
should provide us with a new experimental system in
which to study the pathogenic mechanisms and bio-
logic behavior of human DSRCT, and importantly, to
provide a cell model in which to test new therapeutic
strategies and reagents against human DSRCT.

Materials and Methods

Source of Tumor Cells

A 7-year-old Japanese boy presented with abdominal
enlargement and dysuria. A large mass was palpated
in the upper part of this abdomen. An open biopsy of
the liver was performed, and the tumor was his-
topathologically diagnosed as a DSRCT (Fig. 1A). Cyto-
genetic analysis of short-term cultured tumor cells re-

Table 2. Reactivity of JN-DSRCT-1 Cells, In Vitro and In
Vivo, Including the Original Tumor Cells with Antibodies

Antibody

JN-DSRCT-1
cells

Original tumor
cellsIn vitro In vivo

Vimentin ��� ��� ���
Desmin ��� ��� ���
AE1/AE3 ��� � ��
CAM 5.2 ��� � �
EMA ��� �� ��
NSE � �� �
CD57 (Leu-7) ��� � �
Synaptophysin � � �
Chromogranin A � � �
Neurofilaments � � �
GFAP � � �
S-100 protein � � �
�-SMA � � �
MSA (HHF35) � � �
Myoglobin � � �
MyoD1 � � �
Myogenin � � �
�-sarcomeric actin � � �
CD15 (Leu-M1) � � ND
CD99 (MIC2 protein) �� �� �
WT1 (C-19) ��� �� ND

ND, not done; ���, �70% positive cells; ��, 30–70% positive cells; �,
�30% positive cells; �, negative reaction.
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vealed a specific translocation, t(11;22)(p13;q12). As
shown in Table 2, most of the tumor cells were strongly
immunopositive for vimentin and desmin (Fig. 1B), and
some were also immunopositive for EMA, cytokeratins
(Fig. 1C), NSE, CD57 (Fig. 1D), and CD99. Despite
intensive chemotherapy, the patient died of extensive
pulmonary metastasis 26 months after the initial diagno-
sis. Two months before death, approximately 100 ml of the

pleural effusion fluid containing tumor cells was obtained
for the primary culture. No autopsy was performed.

Establishment and Characterization of the Tumor Cell Line

After centrifugation at 1200 rpm for 10 minutes, the
tumor cells were gathered from the pleural effusion.
Approximately 1.0 � 107 cells were seeded in a

Figure 3.
Light microscopic findings of JN-DSRCT-1 cells in vivo. A, A representative portion of the tumor in a SCID mouse, essentially resembling the original DSRCT (HE,
original magnification, �80). Strong and diffuse immunopositive reaction of tumor cells for vimentin (B) and desmin (C). Focally positive immunoreactivity of tumor
cells for EMA (D) and neuron-specific enolase (NSE; E). F, Nuclei of tumor cells, weakly immunostained for Wilms’ tumor gene (WT1) (streptavidin-biotin procedure,
original magnification, �160).
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25-cm2 plastic flask (Falcon 3013; Becton Dickinson
Japan, Tokyo, Japan) containing culture medium and
maintained in a humidified atmosphere of 5% CO2 in air
at 37° C. The culture medium was composed of a 1:1
mixture of DMEM and Ham’s F-12 (Kyokuto Pharmacol-
ogy Company, Tokyo, Japan) supplemented with 10%
FCS (Cell Culture Laboratories, Cleveland, Ohio) and
kanamycin sulfate (100 �g/ml; Meiji Seika, Tokyo, Ja-
pan). The medium was replaced twice weekly. When
semiconfluent layers were obtained, the cells were dis-
persed with PBS containing 0.1% trypsin and 0.02%
EDTA solution and seeded in new flasks for passage.
These procedures were serially performed until estab-
lishment of the JN-DSRCT-1 cell line.

To determine the doubling time, 1.0 � 104 JN-
DSRCT-1 cells/cm2 at passage 30 were seeded in
each well of 24-well dishes (Corning Costar, Tokyo,
Japan) with fresh medium containing 1 ml of DMEM/
F-12 with 10% FCS. The culture dishes were har-
vested, and then the number of viable cells in each
dish was counted by the dye exclusion (0.1% trypan
blue in PBS) every 24 hours for 7 days.

Tumorigenicity in SCID Mice

To determine the tumorigenicity of the JN-DSRCT-1
cell line in vivo, 5 � 107 cells at passage 24 were

washed, suspended in PBS, and injected subcutane-
ously into the back of two 5-week-old female athymic
SCID mice (CB-17/Icr-scid; Jcl Clea Japan, Inc.,
Osaka, Japan). The mice were maintained in a
pathogen-free environment and carefully observed
after transplantation. The experimental protocol was
approved by the Ethics Review Committee for Animal
Experimentation of Fukuoka University School of
Medicine.

Pathologic Studies

The cells grown in culture flasks were observed by
phase-contrast microscopy. JN-DSRCT-1 cells at
passage 38 were examined. For routine light micros-
copy, the cells cultured in chamber slides (Lab-Tek,
Miles Laboratories, Naperville, Illinois) were fixed in
methanol and stained with hematoxylin and eosin and
periodic acid-Schiff. Paraffin sections from the original
tumor and xenografts were stained with the same
reagents. The primary antibodies and their dilutions
used for immunocytochemistry are listed in Table 1.
The cells grown in chamber slides were washed in
PBS and fixed in cold acetone for 5 minutes. The cells
were reacted with each of the primary antibodies for 1
hour at room temperature. The bound antibodies were
then visualized using a labeled streptavidin biotin
system and the alkaline phosphatase technique, as
described previously (Nishio et al, 2001a). Paraffin
sections from the original tumor and xenografts were
also examined using the same procedure.

Cytogenetic Analysis

The JN-DSRCT-1 cells at passage 21 were used for
cytogenetic analysis. Chromosome slides were pre-
pared using the conventional trypsin-Giemsa banding
technique (Nishio et al, 2001b). Karyotypes were de-

Figure 4.
A G-banded karyotype of a metaphase JN-DSRCT-1 cell including a pathogno-
monic translocation, t(11;22)(p13;q12). Arrows indicate the abnormalities
noted.

Figure 5.
Detection of Ewing’s sarcoma gene (EWS)-WT1 fusion transcripts by RT-PCR.
JN-DSRCT-1 cells (Lane 1) and original DSRCT tissue (Lane 2) generated
products of 449 bp, corresponding to the EWS-WT1 fusion transcripts.
Glyceraldehyde-3-phosphate dehydrogenase (G3PDH) transcripts from each
sample exhibit a single band of approximately 450 bp. M � 100-bp DNA
ladder; Lane 3 � negative control (no RNA).

Figure 6.
Sequence of the EWS-WT1 fusion transcript junction present in JN-DSRCT-1
cells. A, Nucleotide sequence of the cDNA obtained by RT-PCR amplification of
the chimeric transcript. Vertical bar indicates the position of the junction
between EWS and WT1. B, Junction sequence of a variant EWS-WT1 fusion
transcript. Only the portion of the exons adjacent to the junction is shown.
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scribed on the basis of the short system of the
International System for Human Cytogenetic
Nomenclature.

Detection of mRNA of EWS-WT1 by RT-PCR

For detection of mRNA of the EWS-WT1 fusion gene,
total RNA was extracted from JN-DSRCT-1 cells at
passage 21 and the original tumor tissue using Trizol
reagent (GIBCO BRL, Gaithersburg, Maryland), ac-
cording to previously described methods (Takeuchi et
al, 1997). Reverse transcription was performed with 1
�g of total RNA in a final reaction volume of 20 �L
containing Superscript II reverse transcriptase (GIBCO
BRL). The reaction mixture was incubated at 42° C for
50 minutes using random hexamers. The reverse
transcriptase was inactivated at 70° C for 15 minutes
and on ice for 5 minutes. The PCR reagents, including
2.5 U of KOD Dash (TOYOBO Co., Osaka, Japan),
were added to form a final volume of 25 �L. To verify
the integrity of mRNA isolated from each sample, a
parallel PCR of positive control for the ubiquitously
expressed G3PDH gene was performed with the fol-
lowing primers: 5'-TCCACCACCCTGTTGCTGTA-3'
for sense and 5'-ACCACAGTCCATGCCATCAC-3' for
antisense. These primers amplified an approximately
450-bp fragment of G3PDH mRNA. The forward
primer for EWS exon 7 was 5'-TCCTACAGCC-
AAGCTCCAAGTC-3', primer 22.3 (Delattre et al,
1992). The reverse primer for WT1 exon 9 was 5'-
GACCAGGAGAACTTTCGCTGAC-3' (Ladanyi and
Gerald, 1994). PCR was then performed with an initial
denaturation step of 95° C for 2 minutes, followed by
35 cycles consisting of denaturation at 94° C for 20
seconds, annealing at 57° C for 30 seconds, and
extension at 72° C for 30 seconds. PCR products
were resolved by electrophoresis in 3.0% agarose
gels and visualized by ethidium bromide staining and
ultraviolet illumination. The RT-PCR procedure was
performed at least twice for each sample. Negative
controls included reactions lacking RNA and reactions
lacking reverse transcriptase.

Identification of Chimeric cDNA Sequences

To confirm the type of fusion gene in JN-DSRCT-1
cells, the PCR products were cloned into a pCR
4-TOPO vector using a TOPO TA cloning kit (Invitro-
gen Corporation, Carlsbad, California) and sequenced
using a Perkin Elmer ABI Prism 377 automated se-
quence analyzer (Applied Biosystems, Foster City,
California). Obtained sequences were compared with
published data.

Availability of the Tumor Cell Line

This JN-DSRCT-1 is available from the corresponding
author. Send e-mail to nishio@minf.med.fukuoka-u
.ac.jp.
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