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Introduction
Desmoplastic small round cell tumor (DSRCT) is a rare but highly 

aggressive malignant tumor that typically involves the abdominal or 
pelvic peritoneum in children and young adults [1]. This tumor is 
characterized histologically by solid nests of small round-cell tumor 
cells expressing epithelial, muscular, and neural markers, surrounded 
by a dense reactive stroma. This tumor is also characterized by the 
presence of specific EWS-WT1 fusion genes related to the recurrent 
chromosomal translocation, t(11;22)(p13;q12) [2,3]. EWS encodes a 
putative RNA binding protein of unknown function with an N-terminal 
domain that mediates potent transcriptional activation when fused to 
heterologous DNA binding domains [4]. The Wilms tumor suppressor 
(WT1) was initially identified based on its inactivation in Wilms 
tumor [5]. The chimeric proteins resulting from these chromosomal 
translocations usually possess gain-of-function transcriptional 
activities, and define histologically and biologically distinct tumor 
types. Alternative isoforms of either EWS-WT1(-KTS) or EWS-
WT1(+KTS) have also been shown to differ in DNA binding affinity 
and specificity [6,7]. The molecular targets and associated mechanisms 
of these fusion proteins have not yet been fully characterized. The 
molecular targets of EWS-WT1(-KTS) chimeric proteins that have 
been reported include insulin-like growth factor-I receptor (IGF-IR) 
gene [8-10]; the beta-chain of the interleukin-2/15 receptor (IL-2/15Rβ) 
[11]; platelet-derived growth factor-A (PDGFA) [12]; BAI1-associated 
protein 3 (BAIAP3), which encodes a protein implicated in regulated 
exocytosis; a potential regulator of growth-factor release [13]; and 
T-cell acute lymphoblastic leukemia-associated antigen 1 (TALLA-1)

[14]. In addition, expression of the transmembrane protein, leucine-
rich repeat containing 15 (LRRC15), was found to be induced by 
EWS-WT1(+KTS) [15]. Recently, equilibrative nucleoside transporter 
4 (ENT4), which encodes a pH-dependent adenosine transporter has 
been identified to be transcriptionally activated by both isoforms of 
EWS-WT1 [16]. In addition to genes involved in growth signaling 
that define biological behavior, it is apparent that the tumor-specific 
chimeric gene products also define histological characteristics [17]. 
However, genes that modulate histological features of DSRCT have not 
yet been identified as EWS-WT1 targets. 

The fibroblast growth factor (FGF) family of signaling molecules 
plays important roles in development, angiogenesis, and cancer [18]. 
The FGF family is composed of 22 structurally related polypeptides 
that bind to 4 receptor tyrosine kinases (FGFR1-FGFR4) and 1kinase-
deficient receptor (FGFR5) [18]. Interactions between FGF proteins 
and FGFR1-4, specifically FGF19 and FGFR4, result in receptor 
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Abstract
Desmoplastic small round cell tumor (DSRCT) is a rare but highly aggressive malignant neoplasm that typically 

involves the abdominal or pelvic peritoneum in children and young adults. This tumor is characterized by the presence 
of a specific EWS-WT1 fusion gene, which is the result of recurrent chromosomal translocation, t(11;22)(p13;q12). 
EWS encodes a putative RNA binding protein of unknown function with an N-terminal domain that mediates potent 
transcriptional activation when fused to heterologous DNA binding domains. WT1 is a tumor suppressor gene 
initially identified based on its inactivation in Wilms tumor. The chimeric proteins resulting from these chromosomal 
translocations usually possess gain-of-function transcriptional activities and define histologically and biologically 
distinct tumor types. EWS-WT1 has two isoforms of EWS-WT1(-KTS) and EWS-WT1(+KTS). Previous studies 
have identified several EWS-WT1(-KTS) target genes, most of which are involved in growth factor signaling. In the 
current study, using an exogenous EWS-WT1(-KTS) induction system along with the selection from candidates for 
target genes based on the microarray data, we identified fibroblast growth factor receptor 4 (FGFR4) as a potential 
EWS-WT1(-KTS) target and this induction accompanied with increased phosphorylation form of Akt and MAPK, 
suggesting a post-transcriptional modulation by EWS-WT1(-KTS). In addition, CTNNB1 was also identified as a 
potential EWS-WT1(-KTS) target that defines epithelial characteristics of DSRCT. Furthermore, up-regulation of 
CTNNB1 driven by EWS-WT1(-KTS) was independent of FGFR4 regulation. Expressions of FGFR4 and CTNNB1 
in DSRCT clinical samples were confirmed by immunohistochemistry. This study provides regulatory mechanism of 
FGFR4 in DSRCT and also novel insights into the acquisition of epithelial characteristics in DSRCT.
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homodimerization and autophosphorylation, and subsequential 
initiation of multiple signaling pathways [18]. Overexpression of 
FGFR has also been implicated in neoplastic transformation. For 
example, FGFR4 is overexpressed in several types of human tumors, 
including colon, liver, breast, neuroendocrine, pancreatic carcinomas, 
hepatocellular carcinoma, and pediatric rhabdomyosarcomas [19-26]. 
Furthermore, comparison of gene expression profiles of apoptosis-
sensitive breast cancer cells and corresponding apoptosis-resistant 
clones led to the identification of FGFR4 as a gene with increased 
gene expression in response to treatment with doxorubicin or 
cyclophosphamide [27]. By cDNA microarray analysis, FGFR4 has been 
identified as one of the most highly expressed tyrosine kinase receptors 
in DSRCT [28], and this gene has also been described previously as 
a candidate target of EWS-WT1(-KTS), although this has not been 
validated [11]. In the present study, we confirmed that FGFR4 was 
highly expressed in DSRCT clinical samples and in a JN-DSRCT cell 
line, and that FGFR4 overexpression was primarily restricted to EWS-
WT1(-KTS) transfected cells. Furthermore, the use of an exogenous 
EWS-WT1 induction system revealed that CTNNB1, a Wnt signaling 
component, which is also involved in FGF/FGFR signaling, might be a 
potential downstream target of EWS-WT1(-KTS). 

Materials and Methods
Cell culture and preparation of cell blocks of JN-DSRCT

The JN-DSRCT cell line was kindly provided by Dr. Iwasaki, 
Fukuoka University, Japan [29], and grown in a 1:1 mixture of DMEM 
and Ham’s F-12 (Kyokuto Pharmacology, Tokyo, Japan), supplemented 
with 10% FCS and kanamycin sulfate (100 µg/ml). At 80% confluency, 
cells were treated with trypsin and harvested by centrifuge to make a 
cellblock of JN-DSRCT for immunocytochemical analysis. In addition, 
breast cancer cell lines and synovial sarcoma cell lines were incubated 
in appropriate culture media and used as control samples for the 
following RT-PCR and western blotting.

RT-PCR

 RNA was extracted from various cell lines and the same amount of 
RNA from each cell line was converted to cDNA. The relative expression 
level of FGF19 was semi-quantitatively examined by amplifying the 
same amount of template cDNA with various cycles (25, 30, 35 and 40 
cycles). TATA-binding protein (TBP) was used as an internal control. 
Primer pairs are available upon request.

Western blotting

Cells were lyzed with RIPA buffer (10 mM Tris (pH 7.4), 5 mM 
EDTA, 300 mM NaCl, 10% Glycerol, 1% Triton X-100, 1% sodium 
deoxycholate, 0.1% SDS, 50 mM NaF) and centrifuged at 14,000rpm 
for 30 min. Supernatants were mixed with 4× SDS-PAGE sample buffer 
(Invitrogen) and heated at 100°C for 5 min prior to resolution by SDS-
PAGE and transferred to nitrocellulose membranes. Membranes were 
preincubated with 5% non-fat dry milk in TBS-T (TBS with 0.1% of 
Tween20) before incubation with specific primary antibodies for 2 
h. Specific molecules were visualized with horseradish peroxidase-
labeled anti-mouse or anti-rabbit secondary antibodies and enhanced 
chemiluminescence (Amersham Biosciences, UK). The following 
antibodies were used: rabbit polyclonal anti-FGFR-4 IgG (sc-124, 
carboxyl terminal human FGFR-4; Santa Cruz Biotechnology), mouse 
monoclonal antibody β-catenin (BD transduction lab, clone 14), anti-
active β-catenin (anti-ABC), (Upstate, clone 8E7), anti-cytokeratin 
(Becton Dickinson, clone CAM5.2), rabbit monoclonal antibody to 

human cyclin D1 (DBS, clone SP4), MAPK (Cell Signaling Technology, 
clone L34F12), pMAPK (Cell Signaling Technology, clone 20G11), Akt 
(Cell Signaling Technology, #9272), pAKT (Cell Signaling Technology, 
clone 587F11). Furthermore, mouse monoclonal anti-α-tubulin 
(Sigma, B-5-1-1) antibody and mouse monoclonal anti-GAPDH 
(SantaCruz, 6C5) antibody were used as alternative internal controls.

Immunohistochemistry and immunocytochemistry

Two DSRCT clinical samples were prepared for 
immunohistochemistry. Immunohistochemical analysis was 
performed using the following antibodies: rabbit polyclonal anti-
FGFR-4 IgG (Santa Cruz Biotechnology, clone sc-124) diluted at 1:200, 
mouse monoclonal antibody β-catenin (BD transduction lab, clone 
14) diluted at 1:200, and mouse monoclonal antibody E-cadherin 
(BD transduction lab, clone 36/E-cadherin) diluted at 1:1000. In 
addition, immnocytochemical analysis was performed using the 
JN-DSRCT cell block. For immunocytochemistry, SKBR3-a breast 
cancer cell line, was used as a positive control. The antibodies used for 
immunocytochemistry were as follows: rabbit polyclonal anti-c-erbB-2 
antibody (DakoCytomation Envision, #A0485), rabbit polyclonal 
anti-ErbB-3antibody (Santa Cruz, C-17), and mouse monoclonal 
anti-epidermal growth factor Receptor (EGFR) antibody (Zymed 
Laboratories, Clone 31G7).

Establishment of tetracycline-regulated EWS-WT1(-KTS) 
inducible cell line

T-Rex HeLa cells (Invitrogen, life technologies Japan) were 
cultured in 10 cm dishes with DMEM supplemented with 10% FBS 
(Tet system approved FBS; BD Bioscience, NJ). At 70% confluency, 
cells were transfected with 2 µg of DNA of pcDNA4-TO-EWS-WT1(-
KTS), which is tagged with myc, by using Fugene6 (Roche) transfection 
reagent, as previously described [17]. At 48 h after transfection, drug 
selection was started in a fresh medium supplemented with 400 µg/
ml Zeocin (Invitrogen) for 6 weeks, and drug-resistant colonies 
were isolated. Cells from isolated colonies were treated with 1 µg/ml 
tetracycline (Invitrogen) to induce EWS-WT1(-KTS)expression.

Immunofluorescence

HeLa cell lines were grown on several glass cover slips in DMEM 
with 10% FCS and transfected with pcDNA4-EWS-WT1(-KTS) for 48 
h. Attached cells on the cover slips were fixed in 4% paraformaldehyde 
for 10 min and then treated with 0.1% Triton X-100 in PBS for 5 min. 
The fixed cells were incubated overnight at 4°C for double staining with 
rabbit polyclonal anti-FGFR-4 IgG (sc-124, carboxyl terminal human 
FGFR-4; Santa Cruz Biotechnology) diluted at 1:200 and with mouse 
monoclonal myc-antibody (Invitrogen) for myc-tagged-EWS-WT1(-
KTS) diluted at 1:1000. After rinsing 3 times, a secondary antibody 
(Alexa Fluor 488-conjugated anti-mouse immunoglobulin; Molecular 
Probes, Eugene, OR) was allowed to react with the preparation, and after 
a brief rinse, Alexa Fluor 568-conjugated anti-rabbit immunoglobulin 
(Molecular Probes) was allowed to react for 60 min. The results were 
visualized by indirect immunofluorescence.

Knockdown of FGFR4 in the JN-DSRCT cell line

To see whether FGFR4 affects β-catenin expression level in a JN-
DSRCT cell line, knockdown of FGFR4 was performed using siRNA 
according to the manufacturer’s protocol. Both FGFR4 and non-
targeting siRNAs were purchased from Dharmacon (Thermo Fisher 
Scientific K.K.). JN-DSRCT cells were harvested to extract protein for 
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western blotting 48 h after transfection. Furthermore, cell proliferation 
rates were counted at every 24 hrs after each siRNA transfection.

Results
FGFR4 is overexpressed in JN-DSRCT cell line and human 
DSRCT

Tyrosine kinase receptors were previously found to be highly 
expressed in DSRCT, based oncDNA microarray data from 139 sarcoma 
samples and 17 cell lines or xenografts representing 5 different sarcoma 
histologic subtypes (Supplementary Table 1) [28]. These expression 
microarray data are freely available at http://cbio.mskcc.org/Public/
sarcoma_array_data/. In addition to ERBB2 (HER2) and FGFR4 listed 
in Supplementary Table 1, the expressions of ERBB3 (Her3) and EGFR 
were examined by immunocytochemistry in the JN-DSRCT cell line. 
Among them, FGFR4 was confirmed by immunocytochemistry to be 
the most highly expressed tyrosine-kinase receptor gene product in 
the JN-DSRCT cell line (Figure 1A-G). In addition, overexpression of 
FGFR4 was shown by immunohistochemistry in one of the 2DSRCT 

clinical samples (Figure 1H); weak FGFR4 expression was observed 
in the second clinical sample (data not shown).Using western blot, we 
revealed that FGFR4 was highly expressed at the protein level in the JN-
DSRCT cell line compared to other cell lines (Figure 2A).

FGF19, the ligand for FGFR4, is expressed at lower levels in 
the JN-DSRCT cell line

We next examined the mRNA expression level of FGF19, the 
ligand for FGFR4, by semi-quantitative RT-PCR. Compared to the 
FGF19 expression level in other cell lines except SKBR-3 and AU565, 
the expression level of FGF19 in the JN-DSRCT cell line was relatively 
lower (Figure 2B).

Exogenous expression of EWS-WT1 in HeLa cells induced 
FGFR4 and β-catenin expression

First, to see whether FGFR4 is a potential target of EWS-WT1(-
KTS), immunofluorescence was performed after transfection of EWS-
WT1(-KTS) in HeLa cells. FGFR4 expression was restricted to the 
EWS-WT1(-KTS) transfected cells (Figure 3A), suggesting that FGFR4 
is a potential target of EWS-WT1(-KTS). This was also confirmed by 
the induction of EWS-WT1(-KTS) in HeLaTrex cells (Figure 4A). 
Next, because it has been shown that Wnt and FGF signaling cross-talk 
during a variety of cellular process [30] and that DSRCT has epithelial 
characteristics, we evaluated the expression levels of β-catenin in EWS-
WT1(-KTS)-induced cells after confirmation of β-catenin expression 
in DSRCT clinical samples. β-catenin expression in DSRCT was 
observed at membrane and cytoplasm, and E-cadherin membranous 
expression was also noted (Figure 3B). The total expression level of 
β-catenin was increased in EWS-WT1(-KTS)-induced HeLa cells 
(Figure 4A). Interestingly, β-catenin has also been shown to be one of 
the over expressed genes in DSRCT compared to other translocation-
sarcomas (data not shown). 

Induction of exogenous EWS-WT1 expression accompanied 
by an increase in pMAPK and pAkt

We further evaluated a possible change in the expression level of 
keratin as a marker for epithelial differentiation; however, no changes 
were observed (Figure 4A). This exogenous EWS-WT1 expression was 
accompanied by increased expression of the phosphorylated forms of 
MAPK and Akt, though total expression level of MAPK and Akt kept 
almost the same level (Figure 4A). 

Knockdown of FGFR4 does not influence active β-catenin 
expression level in the JN-DSRCT cell line

Because, it has been demonstrated that the loss of FGFR4 leads to 
reduced β-catenin pathway signaling and decreased tumor growth in 
vivo and clonal growth in vitro [31], we next knocked down FGFR4 
transiently by using siRNA in the JN-DSRCT cell line. However, 
we did not observe alterations in the expression level of cyclinD1 or 
β-catenin isoforms, including the active form of β-catenin (Figure 
4B), suggesting that β-catenin overexpression driven by EWS-WT1(-
KTS) was independent of FGFR4 overexpression. Furthermore, this 
transient knockdown of FGFR4 did not cause an obvious difference in 
the cell proliferation rate (Figure 4C).

Discussion
The immunohistochemical profile of DSRCT shows divergent 

differentiation characterized by the co expression of epithelial and 
mesenchymal markers with occasional expression of myogenic and 

Figure 1: Immunocytochemical analysiswas performed using cell blocks of 
JN-DSRCT and SKBR-3 cell lines. In this assay, SKBR-3, a breast cancer cell 
line, was used as a positive control for HER2, HER3, and EGFR expressions. 
HER2, HER3, and EGFR expressions were not observed in JN-DSRCT cell 
line (B, D, and F), though expressions of these proteins were seen in SKBR-
3 cells (A, C, and E). This analysis confirmed FGFR4 overexpression in a 
JN-DSRCT cell line (G). FGFR4 was overexpressed in one of the 2DSRCT 
clinical samples (H).

http://cbio.mskcc.org/Public/sarcoma_array_data/
http://cbio.mskcc.org/Public/sarcoma_array_data/
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neurogenic markers. In immunohistochemical analyses, DSRCTs 
show keratin expression in 86% and epithelial membrane antigen 
in 93% [32] higher than that observed in synovial sarcoma, which 
is well-known to exhibit epithelial characteristics. In this study, we 
observed membranous expression of β-catenin in 2 DSRCT clinical 
samples. In addition, β-catenin expression was up regulated by the 
exogenous expression of EWS-WT1(-KTS) in HeLa cells, suggesting 
that CTNNB1 could be a potential target of EWS-WT1(-KTS). 
β-catenin is a multi-functional protein that plays an important role 
in maintaining cell-cell adhesion and acts as a downstream effector of 
the Wnt-signaling cascade. Thus, it is possible that EWS-WT1(-KTS) 
is involved in the acquisition of epithelial characteristics in DSRCT; 
however, we could not confirm an increase in the keratin expression 
in our exogenous EWS-WT1(-KTS) expression model by using the 
HeLa cell line in which transcription of the E-cadherin gene was 
constitutively and strongly repressed. Regarding this point, the authors 
have experienced that E-cadherin protein expression was not observed 
using the same tetracycline-regulated exogenous SYT-SSX expression 
system regardless of the increased E-cadherin mRNA expression [17].

A recent study has shown that co activation of FGF and Wnt 
signaling pathways in tumors leads to more malignant phenotypes 
[30]. Furthermore, it has also been demonstrated that FGFR4 

knockdown resulted in reduced β-catenin pathway signaling and 
decreased tumor growth in vivo and clonal growth in vitro and that 
FGF19 increased GSK-3β phosphorylation and active β-catenin [31]. 
Therefore, we assessed the possible cross-talk between FGF19/FGFR4 
signaling and Wnt signaling in a JN-DSRCT cell line. Regarding this 
point, we confirmed the presence of β-catenin cytoplasmic staining 
and membranous expression in both DSRCT clinical samples, as well 
as FGFR4 overexpression and lower mRNA expression of FGF19 in 
a JN-DSRCT cell line. However, a transient knockdown of FGFR4 in 
JN-DSRCT cell line did not alter the expression of β-catenin isoforms, 
including the active form. Furthermore, the expression of cyclinD1, 
one of the downstream targets of the Wnt signaling pathway [32,33], 
was not either altered by this treatment. By transient knockdown of 
FGFR4 using siRNA transfection in JN-DSRCT cell line, we confirmed 
that β-catenin overexpression and subsequent possible Wnt signaling 
activation in DSRCT is independent of FGFR4 expression. Thereby, in 
this experiment cyclin D1 expression which we selected as a marker of 
Wnt signaling activation, although this is not always the case in soft 
tissue sarcomas [34], was not altered after FGFR4 siRNA transfection. 
Taking into consideration that FGF19 was expressed at much lower 

A)

B)

Figure 2: FGFR4 and FGF19 expression in various cell lines. A) FGFR4 
expression in various cell lines. FGFR4 expression at the protein level was 
shown to be higher in a JN-DSRCT cell line than in other cell lines. MCF7, 
HBC5, HBC9, BT474, SKBR3, AU565 and MDA-MB-231 are breast cancer 
cell lines. SYO-1, HS-SY-II and Fuji are synovial sarcoma cell lines. B) FGF19 
expression level by RT-PCR in various cell lines. Expression level of FG-
F19mRNA in JN-DSRCT is lower than that in other cell lines except SKBR-3 
and AU565.

Figure 3: ���������� using HeLa cells. A) Mergedphotograph 
(C) shows that FGFR4 expression (A: red) is restricted to EWS-WT1(-KTS) 
transfected cells (B: green). B) Immunohistochemical analysis of DSRCT 
clinical sample. E-cadherin and β-catenin membranous expression was seen 
in DSRCT case (case 1). Note that some cytoplasmic staining of β-catenin 
is also seen.
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levels in the JN-DSRCT cell line, these findings suggest that cross-talk 
between FGF19/FGFR4 and Wnt signaling pathways does not have an 
important role in the development of DSRCT.

In some malignancies, overexpression of tyrosine kinase receptors 
is associated with oncogenic mutations in the tyrosine-kinase receptor 
genes themselves, for example, c-kit and PDGFRA in gastrointestinal 
stromal tumor [35], and EGFR in lung adenocarcinoma [36]. A recent 
study characterized FGFR4 mutations in only a subset of embryonal 
rhabdomyosarcoma, and it has also been shown that mutations 
in genes involved in the growth signaling pathway were absent in a 
relatively large set of DSRCT [37]. A two-fold increase in FGFR4 has 
also been observed in an EWS-WT1(-KTS)-inducible system in a U2OS 
osteosarcoma cell line; however, this finding has not yet been replicated 
[11]. In the present study, we also showed overexpression of FGFR4 
in a JN-DSRCT cell line and in 1 of the 2 DSRCT clinical samples. 
Although we could not examine the types of EWS-WT1 isoforms in the 
2DSRCT clinical samples used in this study, 2 isoforms of EWS-WT1 
with differing oncogenic properties were previously characterized 
in DSRCTs [7]. It has also been shown that the JN-DSRCT cell line 
expresses a variant form of EWS-WT1 [29]. Considered in conjunction 
with data reported by Wong et al. [11], our findings suggest that 
overexpression of FGFR4 in DSRCT is partly derived from the 

transcriptional up-regulation of directed by EWS-WT1(-KTS).

Although, some DSRCT cases are responsive to multi-drug 
chemotherapy [38,39], it has been shown that conventional 
chemotherapy is not generally effective in DSRCT. Therefore, the 
development of effective therapeutic strategies is the primary goal of 
DSRCT research. A recent study has shown that antibodies for IGF-
IR, previously identified as a target of EWS-WT1(-KTS), showed 
preliminary evidence of durable antitumor activity combined with 
anmTOR inhibitor [40]. Furthermore, a recent study has demonstrated 
that FGFR4 gene expression was up-regulated in doxorubicin-
treated, apoptosis-resistant breast cancer cell clones and that ectopic 
expression of FGFR4 in cancer cells led to reduced apoptosis sensitivity 
on treatment with doxorubicin or cyclophosphamide [27]. These 
chemotherapeutic drugs are currently used for the treatment of DSRCT. 
Thus, FGFR4 expression driven by EWS-WT1(-KTS) in DSRCT might 
be associated with chemo-resistance in this tumor. Furthermore, it has 
been reported that targeting FGFR4 inhibits hepatocellular carcinoma 
in preclinical mouse model [25]. In addition, it has been demonstrated 
that FGFR4 blockade exerts distinct antitumorgenic effects in human 
rhabdomyosarcoma, especially in alveolar phenotype [24]. On the 
other hand, it has been shown that FGF19 expression correlates with 
tumor progression and poorer prognosis of hepatocellular carcinoma 
[26], and that therapeutic inactivation of FGF19 could be beneficial 
for the treatment of colon and liver cancer [41]. Therefore, inhibition 
of the FGF19/FGFR4 signaling pathway was also expected to have 
antitumorigenic effects on DSRCT cells. However, lesser expression 
level ofFGF19 in JN-DSRCT cells suggests that the inactivation of 
FGF19 would be less effective for blocking the FGFR4 signaling pathway 
in DSRCT. Furthermore, the blocking of FGFR4 would be predicted 
to be so far less effective, given that we did not observe differences in 
the cell proliferation rates after treatment of a JN-DSRCT cell line with 
FGFR4 siRNA. However, further studies are necessary to evaluate the 
therapeutic effects of constitutive inhibition of FGFR4 signaling.

Conclusions
EWS-WT1(-KTS) chimeric protein is a potential transactivator of 

FGFR4. In addition, CTNNB1 could be a potential target of EWS-WT1, 
and this transactivation of CTNNB1 is likely to play an important role 
in defining epithelial characteristics in DSRCT. 

Co����f Interest Statement

All authors declare that we have no conflict of interest.

Acknowledgments

This work was supported in part by Grants-in-Aid for General Scientific 
Research from the Ministry of Education, Science, Sports, and Culture (#23590434 
to Tsuyoshi Saito), Tokyo, Japan.

References

1. Gerald WL, Miller HK, Battifora H, Miettinen M, Silva EG, et al. (1991) Intra-
abdominal desmoplastic small round-cell tumor. Report of 19 cases of a 
distinctive type of high-grade polyphenotypic malignancy affecting young 
individuals. Am J Surg Pathol 15: 499-513.

2. Ladanyi M, Gerald W (1994) Fusion of the EWS and WT1 genes in the 
desmoplastic small round cell tumor. Cancer Res 54: 2837-2840.

3. Gerald WL, Rosai J, Ladanyi M (1995) Characterization of the genomic 
breakpoint and chimeric transcripts in the EWS-WT1 gene fusion of 
desmoplastic small round cell tumor. Proc Natl Acad Sci U S A 92: 1028-1032. 

4. May WA, Lessnick SL, Braun BS, Klemsz M, Lewis BC, et al. (1993) The 
Ewing’s sarcoma EWS/FLI-1 fusion gene encodes a more potent transcriptional 
activator and is a more powerful transforming gene than FLI-1. Mol Cell Biol 13: 
7393-7398.

Figure 4: A) Induction of EWS-WT1 by tetracycline in HeLaTrex cells. After 
induction of EWS-WT1(-KTS), the total expression levels of β-catenin were 
increased, together with the phosphorylated forms of Akt and MAPK. B) Tran-
sient knockdown of FGFR4 in a JN-DSRCT cell line did not alter the protein 
expression levels of β-catenin, the activated form of β-catenin, or cyclinD1. 
C) Transient knockdown of FGFR4 in a JN-DSRCT cell line did not affect 
significant change in cell proliferation rate.

http://www.ncbi.nlm.nih.gov/pubmed/1709557
http://www.ncbi.nlm.nih.gov/pubmed/1709557
http://www.ncbi.nlm.nih.gov/pubmed/1709557
http://www.ncbi.nlm.nih.gov/pubmed/1709557
http://www.ncbi.nlm.nih.gov/pubmed/8187063
http://www.ncbi.nlm.nih.gov/pubmed/8187063
http://www.ncbi.nlm.nih.gov/pubmed/7862627
http://www.ncbi.nlm.nih.gov/pubmed/7862627
http://www.ncbi.nlm.nih.gov/pubmed/7862627
http://www.ncbi.nlm.nih.gov/pubmed/8246959
http://www.ncbi.nlm.nih.gov/pubmed/8246959
http://www.ncbi.nlm.nih.gov/pubmed/8246959
http://www.ncbi.nlm.nih.gov/pubmed/8246959


Citation: Saito T, Yokotsuka M, Motoi T, Iwasaki H, Nagao T, et al. (2012) EWS-WT1 Chimeric Protein in Desmoplastic Small Round Cell Tumor is a 
Potent Transactivator of FGFR4. J Cancer Sci Ther 4: 335-340. doi:10.4172/1948-5956.1000164

Volume 4(10) 335-340 (2012) - 340 
J Cancer Sci Ther 
ISSN:1948-5956 JCST, an open access journal

5. Lee SB, Haber DA (2001) Wilms tumor and the WT1 gene. Exp Cell Res 264: 
74-99.

6. Kim J, Lee K, Pelletier J (1998) The DNA binding domains of the WT1 tumor 
suppressor gene product and chimeric EWS/WT1 oncoprotein are functionally 
distinct. Oncogene 16: 1021-1030.

7. Kim J, Lee K, Pelletier J (1998) The desmoplastic small round cell tumor 
t(11;22) translocation produces EWS/WT1 isoforms with differing oncogenic 
properties. Oncogene 16: 1973-1979. 

8. Werner H, Idelman G, Rubinstein M, Pattee P, Nagalla SR, et al. (2007) A 
novel EWS-WT1 gene fusion product in desmoplastic small round cell tumor is 
a potent transactivator of the insulin-like growth factor-I receptor (IGF-IR) gene. 
Cancer Lett 247: 84-90.

9. Karnieli E, Werner H, Rauscher FJ 3rd, Benjamin LE, LeRoith D (1996) The 
IGF-I receptor gene promoter is a molecular target for the Ewing’s sarcoma-
Wilms’ tumor 1 fusion protein. J Biol Chem 271: 19304-19309.

10. Finkeltov I, Kuhn S, Glaser T, Idelman G, Wright JJ, et al. (2002) Transcriptional 
regulation of IGF-I receptor gene expression by novel isoforms of the EWS-
WT1 fusion protein. Oncogene 21:1890-1898.

11. Wong JC, Lee SB, Bell MD, Reynolds PA, Fiore E, et al. (2002) Induction of the 
interleukin-2/15 receptor beta -chain by the EWS-WT1 transcription product. 
Oncogene 21: 2009-2019. 

12. Lee SB, Kolquist KA, Nichols K, Englert C, Maheswaran S, et al. (1997) The 
EWS-WT1 translocation product induces PDGFA in desmoplastic small round-
cell tumour. Nat Genet17: 309-313.

13. Palmer RE, Lee SB, Wong JC, Reynolds PA, Zhang H, et al. (2002) Induction 
of BAIAP3 by the EWS-WT1 chimeric fusion implicates regulated exocytosis in 
tumorigenesis. Cancer Cell 2: 497-505.

14. Ito E, Honma R, Imai J, Azuma S, Kanno T, et al. (2003) A tetraspanin-family 
protein, T-cell acute lymphoblastic leukemia-associated antigen 1, is induced 
by the Ewing’s sarcoma-Wilms’ tumor 1 fusion protein of desmoplastic small 
round-cell tumor. Am J Pathol 163: 2165-2172.

15. Reynolds PA, Smolen GA, Palmer RE, Sgroi D, Yajnik V, et al. (2003) 
Identification of a DNA-binding site and transcriptional target for the EWS-
WT1(+KTS) oncoprotein. Gene Dev 17: 2094-2107.

16. Li H, Smolen GA, Beers LF, Xia L, Gerald W, et al. (2008) Adenosine 
transporter ENT4 is a direct target of EWS/WT1 translocation product and is 
highly expressed in desmoplastic small round cell tumor. PLoS One 3: e2353.

17. Saito T, Nagai M, Ladanyi M (2006) SYT-SSX1 and SYT-SSX2 interfere with 
repression of E-cadherin by snail and slug: a potential mechanism for aberrant 
mesenchymal to epithelial transition in human synovial sarcoma. Cancer Res 
66: 6919-6927.

18. Itoh N, Ornitz DM (2004) Evolution of the Fgf and Fgfr gene families. Trends 
Genet 20: 563-569.

19. Jaakkola S, Salmikangas P, Nylund S, Partanen J, Armstrong E, et al. (1993) 
Amplification of fgfr4 gene in human breast and gynecological cancers. Int J 
Cancer 54: 378-382.

20. Jeffers M, LaRochelle WJ, Lichenstein HS (2002) Fibroblast growth factors in 
cancer: therapeutic possibilities. Expert Opin Ther Targets 6: 469-482.

21. Gowardhan B, Douglas DA, Mathers ME, McKie AB, McCracken SR, et al. 
(2005) Evaluation of the fibroblast growth factor system as a potential target for 
therapy in human prostate cancer. Br J Cancer 92: 320-327.

22. Ezzat S, Zheng L, Zhu XF, Wu GE, Asa SL (2002) Targeted expression of a 
human pituitary tumor-derived isoform of FGF receptor-4 recapitulates pituitary 
tumorigenesis. J Clin Invest 109: 69-78.

23. Khan J, Wei JS, Ringner M, Saal LH, Ladanyi M, et al. (2001) Classification and 
diagnostic prediction of cancers using gene expression profiling and artificial 
neural networks. Nat Med 7: 673-679.

24. Crose LE, Etheridge KT, Chen C, Belyea B, Talbot LJ, et al. (2012) FGFR4 
blockade exerts distinct antitumorigenic effects in human embryonal versus 
alveolar rhabdomyosarcoma. Clin Cancer Res 18: 3780-3790.

25. French DM, Lin BC, Wang M, Adams C, Shek T, et al. (2012) Targeting FGFR4 
inhibits hepatocellular carcinoma in preclinical mouse models. PLos One 7: 
e36713.

26. Miura S, Mitsuhashi N, Shimizu H, Kimura F, Yoshidome H, et al. (2012) 

Fibroblast growth factor 19 expression correlates with tumor progression and 
poorer prognosis of hepatocellular carcinoma. BMC Cancer 12: 56.

27. Roidl A, Berger HJ, Kumar S, Bange J, Knyazev P, et al. (2009) Resistance 
to chemotherapy is associated with fibroblast growth factor receptor 4 up-
regulation. Clin Cancer Res 15: 2058-2066.

28. Filion C, Motoi T, Olshen AB, Lae M, Emnett RJ, et al. (2009) The EWSR1/
NR4A3 fusion protein of extraskeletal myxoid chondrosarcoma activates the 
PPARG nuclear receptor gene. J Pathol 217: 83-93.

29. Nishio J, Iwasaki H, Ishiguro M, Ohjimi Y, Fujita C, et al. (2002) Establishment 
and characterization of a novel human desmoplastic small round cell tumor cell 
line, JN-DSRCT-1. Lab Invest 82: 1175-1182. 

30. Katoh M, Katoh M (2006) Cross-talk of WNT and FGF signaling pathways at 
GSK3beta to regulate beta-catenin and SNAIL signaling cascades. Cancer Biol 
Ther 5: 1059-1064.

31. Pai R, Dunlap D, Qing J, Mohtashemi I, Hotzel K, et al. (2008) Inhibition of 
fibroblast growth factor 19 reduces tumor growth by modulating beta-catenin 
signaling. Cancer Res 68: 5086-5095. 

32. Gerald WL, Ladanyi M, de Alava E, Rosai J (1995) Desmoplastic small round-
cell tumor: a recently recognized tumor type associated with a unique gene 
fusion. Adv Anatomic Pathol 2: 341-345.

33. Tetsu O, McCormick F (1999) Beta-catenin regulates expression of cyclin D1 in 
colon carcinoma cells. Nature 398: 422-426.

34. Saito T, Oda Y, Yamamoto H, Kawaguchi K, Tanaka K, et al. (2006) Nuclear 
beta-catenin correlates with cyclin D1 expression in spindle and pleomorphic 
sarcomas but not in synovial sarcoma. Human Pathol 37: 689-697.

35. Corless CL., Barnett CM, Heinrich MC (2011) Gastrointestinal stromal tumours: 
Origin and molecular oncology. Nat Rev Cancer 11: 865-878.

36. Ladanyi M, Pao W (2008) Lung adenocarcinoma: guiding EGFR-targeted 
therapy and beyond. Mod Pathol 21: S16-S22.

37. Shukla N, Ameur N, Yilmaz I, Nafa K, Lau C-Y, et al. (2012) Oncogenic 
mutation profiling of pediatric solid tumors reveals significant subsets of 
embryonalrhabdomyosarcoma and neuroblastoma with mutated genes in 
growth signaling pathways. Clin Cancer Res 18: 748-757.

38. Farhat F, Culine S, Lhomme C, Duvillard P, Soulie P, et al. (1996) Desmoplastic 
small round cell tumors: results of a four-drug chemotherapy regimen in five 
adult patients. Cancer 77: 1363-1366.

39. Kushner BH, LaQuaglia MP, Wollner N, Meyers PA, LindsleyKL, et al. (1996) 
Desmoplastic small round-cell tumor: prolonged progression-free survival with 
aggressive multimodality therapy. J Clin Oncol 14: 1526-1531.

40. Naing A, LoRusso P, Fu S, Hong DS, Anderson P, et al. (2012) Insulin growth 
factor-receptor (IGF-1R) antibody cixutumumab combined with the mTOR 
inhibitor temsirolimus in patients with refractory Ewing’s sarcoma family tumors. 
Clin Cancer Res 18: 2625-2631.

41. Nicholes K, Guillet S, Tomlinson E, Hillan K, Wright B, et al. (2002) A mouse 
model of hepatocellular carcinoma: ectopic expression of fibroblast growth 
factor 19 in skeletal muscle of transgenic mice. Am J Pathol 160: 2295-2307.

http://www.ncbi.nlm.nih.gov/pubmed/11237525
http://www.ncbi.nlm.nih.gov/pubmed/11237525
http://www.ncbi.nlm.nih.gov/pubmed/9519876
http://www.ncbi.nlm.nih.gov/pubmed/9519876
http://www.ncbi.nlm.nih.gov/pubmed/9519876
http://www.ncbi.nlm.nih.gov/pubmed/9591781
http://www.ncbi.nlm.nih.gov/pubmed/9591781
http://www.ncbi.nlm.nih.gov/pubmed/9591781
http://www.ncbi.nlm.nih.gov/pubmed/16730884
http://www.ncbi.nlm.nih.gov/pubmed/16730884
http://www.ncbi.nlm.nih.gov/pubmed/16730884
http://www.ncbi.nlm.nih.gov/pubmed/16730884
http://www.ncbi.nlm.nih.gov/pubmed/8702614
http://www.ncbi.nlm.nih.gov/pubmed/8702614
http://www.ncbi.nlm.nih.gov/pubmed/8702614
http://www.ncbi.nlm.nih.gov/pubmed/11896622
http://www.ncbi.nlm.nih.gov/pubmed/11896622
http://www.ncbi.nlm.nih.gov/pubmed/11896622
http://www.ncbi.nlm.nih.gov/pubmed/11960373
http://www.ncbi.nlm.nih.gov/pubmed/11960373
http://www.ncbi.nlm.nih.gov/pubmed/11960373
http://www.ncbi.nlm.nih.gov/pubmed/9354795
http://www.ncbi.nlm.nih.gov/pubmed/9354795
http://www.ncbi.nlm.nih.gov/pubmed/9354795
http://www.ncbi.nlm.nih.gov/pubmed/12498718
http://www.ncbi.nlm.nih.gov/pubmed/12498718
http://www.ncbi.nlm.nih.gov/pubmed/12498718
http://www.ncbi.nlm.nih.gov/pubmed/14633590
http://www.ncbi.nlm.nih.gov/pubmed/14633590
http://www.ncbi.nlm.nih.gov/pubmed/14633590
http://www.ncbi.nlm.nih.gov/pubmed/14633590
http://www.ncbi.nlm.nih.gov/pubmed/12923058
http://www.ncbi.nlm.nih.gov/pubmed/12923058
http://www.ncbi.nlm.nih.gov/pubmed/12923058
http://www.ncbi.nlm.nih.gov/pubmed/16849535
http://www.ncbi.nlm.nih.gov/pubmed/16849535
http://www.ncbi.nlm.nih.gov/pubmed/16849535
http://www.ncbi.nlm.nih.gov/pubmed/16849535
http://www.ncbi.nlm.nih.gov/pubmed/15475116
http://www.ncbi.nlm.nih.gov/pubmed/15475116
http://www.ncbi.nlm.nih.gov/pubmed/8099571
http://www.ncbi.nlm.nih.gov/pubmed/8099571
http://www.ncbi.nlm.nih.gov/pubmed/8099571
http://www.ncbi.nlm.nih.gov/pubmed/12223061
http://www.ncbi.nlm.nih.gov/pubmed/12223061
http://www.ncbi.nlm.nih.gov/pubmed/15655558
http://www.ncbi.nlm.nih.gov/pubmed/15655558
http://www.ncbi.nlm.nih.gov/pubmed/15655558
http://www.ncbi.nlm.nih.gov/pubmed/11781352
http://www.ncbi.nlm.nih.gov/pubmed/11781352
http://www.ncbi.nlm.nih.gov/pubmed/11781352
http://www.ncbi.nlm.nih.gov/pubmed/11385503
http://www.ncbi.nlm.nih.gov/pubmed/11385503
http://www.ncbi.nlm.nih.gov/pubmed/11385503
http://www.ncbi.nlm.nih.gov/pubmed/22648271
http://www.ncbi.nlm.nih.gov/pubmed/22648271
http://www.ncbi.nlm.nih.gov/pubmed/22648271
http://www.ncbi.nlm.nih.gov/pubmed/22615798
http://www.ncbi.nlm.nih.gov/pubmed/22615798
http://www.ncbi.nlm.nih.gov/pubmed/22615798
http://www.ncbi.nlm.nih.gov/pubmed/22309595
http://www.ncbi.nlm.nih.gov/pubmed/22309595
http://www.ncbi.nlm.nih.gov/pubmed/22309595
http://www.ncbi.nlm.nih.gov/pubmed/19240166
http://www.ncbi.nlm.nih.gov/pubmed/19240166
http://www.ncbi.nlm.nih.gov/pubmed/19240166
http://www.ncbi.nlm.nih.gov/pubmed/18855877
http://www.ncbi.nlm.nih.gov/pubmed/18855877
http://www.ncbi.nlm.nih.gov/pubmed/18855877
http://www.ncbi.nlm.nih.gov/pubmed/12218078
http://www.ncbi.nlm.nih.gov/pubmed/12218078
http://www.ncbi.nlm.nih.gov/pubmed/12218078
http://www.ncbi.nlm.nih.gov/pubmed/16940750
http://www.ncbi.nlm.nih.gov/pubmed/16940750
http://www.ncbi.nlm.nih.gov/pubmed/16940750
http://www.ncbi.nlm.nih.gov/pubmed/18593907
http://www.ncbi.nlm.nih.gov/pubmed/18593907
http://www.ncbi.nlm.nih.gov/pubmed/18593907
http://www.ncbi.nlm.nih.gov/pubmed/10201372
http://www.ncbi.nlm.nih.gov/pubmed/10201372
http://www.ncbi.nlm.nih.gov/pubmed/16733209
http://www.ncbi.nlm.nih.gov/pubmed/16733209
http://www.ncbi.nlm.nih.gov/pubmed/16733209
http://www.ncbi.nlm.nih.gov/pubmed/22089421
http://www.ncbi.nlm.nih.gov/pubmed/22089421
http://www.ncbi.nlm.nih.gov/pubmed/18437168
http://www.ncbi.nlm.nih.gov/pubmed/18437168
http://www.ncbi.nlm.nih.gov/pubmed/22142829
http://www.ncbi.nlm.nih.gov/pubmed/22142829
http://www.ncbi.nlm.nih.gov/pubmed/22142829
http://www.ncbi.nlm.nih.gov/pubmed/22142829
http://www.ncbi.nlm.nih.gov/pubmed/8608516
http://www.ncbi.nlm.nih.gov/pubmed/8608516
http://www.ncbi.nlm.nih.gov/pubmed/8608516
http://www.ncbi.nlm.nih.gov/pubmed/8622067
http://www.ncbi.nlm.nih.gov/pubmed/8622067
http://www.ncbi.nlm.nih.gov/pubmed/8622067
http://www.ncbi.nlm.nih.gov/pubmed/22465830
http://www.ncbi.nlm.nih.gov/pubmed/22465830
http://www.ncbi.nlm.nih.gov/pubmed/22465830
http://www.ncbi.nlm.nih.gov/pubmed/22465830

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Cell culture and preparation of cell blocks of JN-DSRCT
	RT-PCR
	Western blotting
	Immunohistochemistry and immunocytochemistry
	Establishment of tetracycline-regulated EWS-WT1(-KTS) inducible cell line
	Immunofluorescence
	Knockdown of FGFR4 in the JN-DSRCT cell line

	Results
	FGFR4 isoverexpressed in JN-DSRCT cell line and human DSRCT
	FGF19, the ligand for FGFR4, is expressed at lower levels in the JN-DSRCT cell line
	Exogenous expression of EWS-WT1 in HeLa cells induced FGFR4 and β-catenin expression
	Induction of exogenous EWS-WT1 expression accompanied by an increase in pMAPK and pAkt
	Knockdown of FGFR4 does not influence active β-catenin expression level in the JN-DSRCT cell line

	Discussion
	Conclusions
	Conflict of Interest Statement
	Acknowledgments
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4

