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Ewing Sarcoma/Primitive Neuroectodermal
Tumor of the Kidney in a Child

Miho Maeda, mp,'* Akio Tsuda, mp," Shingo Yamanishi, mp,” Yoko Uchikoba, mp,’
Yoshitaka Fukunaga, mp,' Hajime Okita, mp,? and Jun-ichi Hata, mp?

A 6-year-old female was admitted with abdominal pain and a
mass in the right abdomen. Her lactose dehydrogenase level was
1,200 1U/L, and neuron specific enolase was 120 ng/ml. Computed
tomography scan confirmed a large right renal mass with necrosis. A
right radical nephrectomy was performed. The tumor was comple-
tely encapsulated. Based on small round cell histology, strong MIC-2

Key words: electron microscopy; Ewing sarcoma/primitive neuroectodermal tumor; EWS-FLI-1; immunohistochemistry; kidney

(CD99) positive tumor cells, and EWS-FLI-1 fusion transcript, Ewing
sarcoma/primitive neuroectodermal tumor of the kidney was
diagnosed. Induction and follow-up with seven cycles of chemother-
apy were given after surgery. She has had no evidence of recurrence
90 months from diagnosis. Pediatr Blood Cancer 2008;50:180-
183. © 2006 Wiley-Liss, Inc.

INTRODUCTION

Ewing sarcoma/primitive neuroectodermal tumor (ES/PNET) of
the kidney is a rare and highly malignant neoplasm. It affects young
adults, and only a few pediatric cases (younger than 15 years) have
been reported [1-9]. ES/PNET arising in the kidney act aggressively
and show poor response to therapy [1]. ES/PNET of the kidney needs
to be differentiated from other small round cell tumors of the kidney,
because each type of tumor is treated differently. The diagnosis of this
neoplasm is currently based on a combination of light microscopy,
immunohistochemistry, electron microscopy, chromosomal anatyses,
and specific chimeric transcripts. Our patient, who was diagnosed by
histochemistry and molecular biology analysis of the resected kidney
and treated with chemotherapy, has remained alive more than 90
months after diagnosis.

CASE

A 6-year-old female was admitted to our hospital with abdo-
minal pain and an abdominal mass. On physical examination, alarge
and firm mass was evident in the right abdomen. Laboratory
evaluation showed a lactate dehydrogenase level of 1,200 TU/L
(normal 218-411 IU/L), a neuron specific enolase level of 120 ng/
ml (normal <10 ng/ml), and ferritin level of 160 ng/ml (normal 15—
89 ng/ml). Urine catecholamine levels were within normal limits.
Abdominal computed tomography (CT) scan confirmed a large right
renal mass with areas of necrosis and bleeding. There was no
obvious lymphadenopathy and no intra-abdominal metastasis. Bone
scintigraphy and CT scan of the thorax did not detect metastasis.

A right radical nephrectomy was performed. The tumor involved
a large portion of the lower part of the kidney. The tumor was
completely encapsulated and was 5.0 x 4.5 x 4.5 cm. Lymph nodes
were negative for malignancy. Histologic examination revealed a
small round cell tumor with massive necrosis, but no rosette
formations. Periodic acid-Schiff (PAS) staining revealed diastase
sensitive material in the tumor cell cytoplasm. Immunohistochem-
istry revealed that tumor cells were strongly positive for MIC-2
(CD99) as well as vimentin. The tumor cells were negative for
chromogranin A, neurofilament, and synaptophysin. Electron
microscopic examination showed a high nuclear-cytoplasm ratio
and aggregated glycogen granules in the cytoplasm (Fig. 1A). A
higher magnification of tumor cells showed neurosecretory-type
granules, microtubules, and desmosome-like structures (Fig. 1B).
The expression of EWS-FLI-1 fusion transcript was demonstrated

© 2006 Wiley-Liss, Inc.
DOI 10.1002/phc.20831

by molecular biology (Fig. 2). A single 330 base pair cDNA product
was detected by ethidium bromide staining, corresponding to the
EWS-FLI-1 as previously reported by Sorensen et al. {10]. Direct
DNA sequencing confirmed the presence of a fusion of EWS exon 7
to the FLI-1 exon 6. Unfortunately chromosomal findings failed
because proliferation of the tumor cells was poor. According to
results on small round cell histology and immunohistochemical
profiles, electron microscopic findings, and EWS-FLI-1 fusion
transcript, the tumor was diagnosed as an ES/PNET of the kidney.
Therapy was initiated with 1.5 gm/m’ vincristine on days 1, 8, 15,
22,29, and 36: 500 mg/m? cyclophosphamide on days 2, 9, 30, and
37; and 0.45 mg/m® dactinomycin on days 16-20 for induction and
then a total of seven cycles of 4-drug chemotherapy, consisting of
1.5 gm/m’ vincristine on days 1, 15,22, 29, 36, and 43; 0.45 mg/m>
dactinomycin on days 1-5; 500 mg/m? cyclophosphamide on days
16, 23, 30, 37, and 44; and 60 mg/m? doxorubicin on day 44 after
surgery. She had no serious adverse effects during chemotherapy.
She had no evidence of recurrence after 90 months from diagnosis
and no late effects have been noted.

DISCUSSION

Though the existence of renal PNET was reported in 1975 in a
review of pediatric PNETs [11], only a small number of cases have
been reported. Recently, Patham et al. [12] from National Wilms
Tumor Study Group Pathology Center reported that 79 of 146 cases
of primary malignant neuroepithelial tumors of the kidney in adults
and children were considered to be ES/PNET. Follow-up informa-
tion, however, was only provided for 14 of 146 cases, and it is
unclear which, if any, of those were actually ES/PNET [8]. Pediatric
cases (younger than 15 years old) of ES/PNET of the kidney are
extremely rare, and only ten cases have been reported previously
[1-9]. Clinical characteristics, pathologic features, treatments, and
outcomes of those cases are summarized in Table 1.
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Fig. 1. Ultrastructural findings in the tumor cells. A: Tumor cells are oval and small (about 8-10 pm in a diameter). Nuclear-cytoplasm ratio
is high. Nucleus has a few heterochromatin. Aggregated glycogen granules (gly) are observed in the cytoplasm. Ly, lymphocytes; N, nuclei.
B: Neurosecretory granules (asterisks), microtubules (arrows), and desmosome-like structures (arrowheads) are observed in the tumor cells under

higher magnification.

Several approaches can be used to arrive at a diagnosis of ES/
PNET. The first approach is light microscopic examination of tumor
tissue including immunohistochemistry. These tumors consist of
primitive-appearing round cells with high nucleus to cytoplasmic
ratjos. The immunohistochemical features of ES/PNET are positive
for CD99 (MIC2): however, expression of CD99 is by no means
specific for ES/PNET among round cell tumors [13). Although FLI-
1 is a variable histochemical marker for ES/PNET, it is also positive
in lymphoblastic lymphoma [14]. In contrast, WT-1 is a positive
marker of Wilms tumor and desmoplastic round cell tumors,
whereas it is a negative marker for ES/PNET, neuroblastoma and

©174  positive patient positive negative negative
control control  control control

(EW2)

b WS.FLI

Fig. 2. A single 330 base pair transcript is detected in the patient
sample following reserve transcriptase polymerase chain reactor (RT-
PCR) performed on RNA extract from tumor tissue.

Pediatr Blood Cancer DOI 10.1002/pbe

rhabdomyosarcoma. The second approach is electron microscopic
examination of tumor tissue. Electron microscopic features include
a specific high nuclear-cytoplasm ratio and aggregated glycogen
granules in the cytoplasm. Neural differentiation appears on some
cells with polar processes, which may contain microtubules or
neurosecretory glands [15]. The third approach is chromosomal
translocation, such as t(11:22) (g24:q12) which is positive in 83—
95% of ES/PNET cases [16]). The final approach involves a
molecular biologic examination. In 90-95% of cases of ES/PNET,
the chimeric transcript is EWS-FLI-1; the remaining 5-10% are
EWS-ERG. Other transcripts, including EWS-ETV1 and EWS-
EIAF, have also been reported [16].

In terms of prognosis, the 5-year disease-free survival rate of ES/
PNET is 45-55% [17], but the prognosis of ES/PNET of the kidney
appears worse [1,18]. In pediatric cases (Table I), 5 of 8 patients
were alive when the cases were reported; however, 1 patient (no. 6)
was alive with disease, 2 patients (no. 3 and no. 5) were followed-up
only for 6 and 8 months, and 1 patient was under treatment (no. 9).
The follow-up duration was not described in this case. Only 2
patients (no. 8 and our case) were alive after 5 years. For 2 patients, it
was not defined whether they were alive or not (Table I). Jimenez
et al. [8] described that 3 of 11 patients were alive for 4—64 months,
and 5 patients had local recurrence or distance metastasis then died
of their disease, and 3 patients were lost to follow-up. Most of the
recent therapeutic protocol for children with ES/PNET consists of
vincristine, doxorubicin, cyclophsphamide, ifosphamide, and
etoposide. Radiation and surgery have been used; some patients
have been treated with myeloablative chemoradiotherapy followed
by autologous bone marrow rescue. In spite of a lack of radiation
therapy and our not using ifosphamide and etoposide for chemo-
therapy, our patient has survived for a relatively long period with no
recurrence. Possible reasons for this good outcome might include
the pathologic features of the tumor, the well-encapsulated nature of
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the tumor with no involvement beyond the capsule and the accurate
diagnosis followed by prompt treatment with chemotherapy.
Several approaches including cytogenetical methods are important
for early, accurate diagnosis of ES/PNET.
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Cerebellar Medullomyoblastoma With
Melanotic Tubular Structures

Paolo Nozza, mp,"* Claudia Milanaccio, mp,? Gianluca Piatelli, mp,> Andrea Rossi, mp,*
Alessandro Raso, giol,> Armando Cama, mp,® Maria L. Garré, mp,? and Torsten Pietsch, mp®

This repornt describes a midline cerebellar primitive neuroecto-
dermal tumor with muscular differentiation, that is, medutlomyo-
blastoma with melanotic tubular structures, which developed in the
cerebellar vermis in a 23-month-old male. Rhabdomyoblastic
differentiation consisted both of striated muscle fibers and undiffer-
entiated cells showing immunoreactivity for desmin and myogenic

Key words: brain tumors; medullomyoblastoma; pigmented medulloblastoma

transcription factors. The presence of melanotic epithelial structures
raised the issue of a teratomatous tumor. This case demonstrates the
occurrence of this very rare tumor in early childhood as well as the
utility of a careful search for the presence of myogenic and/or
melanotic features in medulloblastomas. Pediatr Blood Cancer
2008;50:183-185. © 2006 Wiley-Liss, Inc.

INTRODUCTION

Medullomyoblastoma (MMB) is a rare variant of medulloblas-
toma (MB) characterized by both a primitive neuroectodermal and a
striated muscle component [1], in which an additional constituent of
pigmented melanocytic cells might be present [2-4]. A midline
cerebellar primitive neurcectodermal tumor with muscular differ-
entiation and melanotic tubular structures is described.

CASE

In January 2004, a 23-month-old male was hospitalized with a
4-week history of headache. General physical and neurological
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Inducible Expression of Chimeric EWS/ETS Proteins Confers Ewing’s
Family Tumor-Like Phenotypes to Human Mesenchymal
Progenitor Cells"t
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Ewing’s family tumeor (KFT) is a rare pediatric tumor of unclear origin that occurs in bone and soft tissue.
Specific chromosomal translocations found in EFT cause EWS to fuse to a subset of ets transcription factor
genes (ETS), generating chimeric EWS/ETS proteins. These proteins are believed to play a crucial role in the
onset and progression of EFT. However, the mechanisms responsible for the EWS/ETS-mediated onset remain

unclear. Here we report the establishment of a tetracycline-controlled EWS/E'T

'S-inducible system in human

bone marrow-derived mesenchymal progenitor cefls (MPCs). Ectopic expression of both EWS/FLI1 and
EWS/ERG proteins resulted in a dramatic change of morphology. i.e.. from a mesenchymal spindle shape to
a small round-to-polygonal cell, one of the characteristics of EFT. EWS/ETS also induced immunophenotypic
changes in MPCs, including the disappearance of the mesenchyme-positive markers CD10 and CD13 and the
up-regulation of the EFT-positive markers CD54, CD99. CD117. and CD271. Furthermore, a prominent shift
from the gene expression profile of MPCs to that of EFT was observed in the presence of EWS/ETS. Together
with the observation that EWS/ETS enhances the ability of cells to invade Matrigel, these results suggest that
EWS/ETS proteins contribute to alterations of cellular features and confer an EFT-like phenotype (o human

MPCs.

Ewing’s family tumor (EFT) is a rare childhood cancer aris-
ing mainly in bone and soft tissue. Since EFT has a poor
prognosis, it is important to elucidate the underlying patho-
genic mechanisms for establishing a more eflective therapeutic
strategy. EFT is characterized by the presence of chimeric
genes composed of EWS and ets transcription factor genes
(ETS) formed by specific chromosomal translocations, i.e..
EWS/FLIL t(11;22)(q24,q12); EWS/ERG. 421;22)(q12;q12);
EWS/ETVL. 1(7;22)(p22;q12); EWS/EIAF. 1(17;22)(q12;q12);
and EWS/FFEV. 1(2;22)(433:412) (26). The products of these
chimeric genes behave as aberrant transcriptional regulators
and arc believed 1o play a crucial role in the onset and pro-
gression of EFT (3. 36). Indeed. recent studies have revealed
that the induction of EWS/FLII proteins can trigger transfor-
mation in certain cell types. including NIH 3T3 célls (36).
C2C12 myoblasts (12), and murine primary bone marrow-de-
rived mesenchymal progenitor cells (MPCs) (6. 45, 52). How-
ever, studies have also indicated that overexpression of EWS/
FLII provokes apoptosis ard growth arrest in mouse normal

* Corresponding author. Mailing address: Department of Develop-
mental Biology, National Research Institute for Child Health and
Development, 2-10-1. Okura, Setagaya-ku, Tokyo 137-8333, Japan.
Phone: $1-3-3416-0181. Fax: §1-3-3417-2496. E-mail: okita@nch.gi.jp.
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embryonic fibroblasts and primary human fibroblasts (10, 31).
hence hampering understanding of the precise role of EWS/
ETS proteins in the development of EFT. The function of
EWS/ETS proteins would be greatly influenced by cell type.
and thus the cells that can originate EFTs might be more
susceptible to the wumorigenic effects of EWS/ETS,

Although the cell origin of EFT is still unknown, the expres-
sion of neuronal markers in spite of the occurrence in bone and
soft tissucs has kept open the debate as 1o a potential mesen-
chymal or neuroectodermal origin. As described above. ectopic
expression of EWS/FLII results in dramatic changes in mor-
phology and the formation of EFT-like tumors in murine pri-
mary bone marrow-derived MPCs but not in murine embry-
onic stem cells (6, 43, 32), supporting the notion that MPCs are
a plausible cell origin of EFT (45). However, others argue that
MPCs cannot be considered progenitors of EFT without fur-
ther evidence of similarity between human EFT and MPC-
EWS/FLI-induced tumors in mice (29. 46).

The development of experimental systems using murine
species is useful for elucidating the mechanisms behind the
pathogenesis of EFT. However, several differences between
human and murine systems cannot. be ignored; these differ-
cuees include the expression patterns of surface antigens in
MPCs. for instance (7. 44. 51, 33). Moreover, human cells are
difficalt to transform in vitro, and the transformed cells of mice
scem to produce a more aggressive tumor than those of hu-
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TABLE 1. Cell lines used in this study and fusion transcript types

Fusion transcript

Cell line Diagnosis Relerence
N vpe

EES-1 EFT EWSHLI type 1 20
SCCHI196 EFFT EWS/FLIL type I 21
RD-ES EFT EWSFLIL type 11 s

SK-ES1 EFT 'SAHLIT type 11 3

NCR-EW2 EFT EWSFLIT tvpe 1 19
NCR-EW3 EFT EWS/EILAF 19
W-ES EFT EWS/ERG 13
NB69 NB 15
NB9 NB N
GOTO NB 47
NRS-1 RMS PAX3FKHR 40

mans (1). The findings suggest the existence of undefined cell-
autonomous mechanisms that render human cells resistant to
malignant transformation. Therefore, the use of human cell
models is ideal for clarifying how EFT develops. Models of the
onset of EFT have been generated using primary fibroblasts
(31) and rhabdomyosarcoma cells (23). However, these cell
types are not appropriate for studying the origins of EFT. and
a model that precisely recapitulates EWS/ETS-mediated EFT
formation is required.

UET-13 cells are obtained by prolonging the life span of
human bone marrow stromal cells by use of the retroviral
transgenes hTERT and E7 (38, 50), retain the ability to dif-
ferentiate into not only mesodermal derivatives but also neu-
ronal progenitor-like cells. and are considered a good model
for studying the cellular events in human MPCs. Therefore, we
have examined the biological effect of EWS/ETS in human
MPCs by use of UET-13 cells by exploiting tetracycline-induc-
ible systems for expressing EWS/ETS (EWS/FLI1 and EWS/
ERG). Here we report that overexpression of EWS/ETS
mediates an EFT-like phenotype, including morphology, im-
munophenotype, and gene expression profile, with enhance-
ment of the Mairigel invasion ability of UET-13 celis.

MATERIALS AND METHODS

Cell cultures and establishment of UET-13TR-EWS/ETS cell lines. UET-13
cells were cultured in Dulbecco’s madified Fagle's medium (DMEM) with 10%
Tet system approved fetul bovine serum (T-FBS) (Takara) a1 37°C under a
humidified 5% CO, aimosphere. EFT cell Jines (EES-1 [20]. SCCH19¢ [21],
RD-ES and SK-ES1 [5]. NCR-EW2 and NCR-EW3 {19], and W-ES [13]} and
neuroblastoma (NB) cell lines {NB69 and NB9 [15] and GOTO [47]) were
cultured in RPMI 1640 with 10% FBS. A rhabdomyosarcoma cell line, NRS-1
(40), was cultured in Eagle’s minimal essential medium with 10%% FBS. The cell
lines used in this study are listed in Table 1.

UET-13 cells were seeded at a density of § 1 10 cells per well in 24-well tissue
cuiture plates 1 day prior to transfection. For introducing the tetracycline-induc-
ible system, UET-13 cells were transiected with pcDNAG-TR (Invitrogen) by use
of Lipofectamine 2000 (Invitrogen). Afier 72 h, the medium was replaced with
fresh medium containing 200 pgimi of blasticidin § (Invitrogen). Individual
resistant clones were selected for o month and designated UET-13TR cells.
UET-13TR cells were further transfected with peDNA4-EWS/ETSs constructed
as described below, and individual resistant clones were selected in DMEM
containing 105 T-FBS and 200 1o 300 wg/ml of Zeocin (Invitrogen). The Zeocin-
resistant clones were expanded and tested for the induction of EWS/ETS ex-
pression upon the addition of tetracycline by use of reverse transcription-PCR
(RT-PCR} as described below.

Plasmid construction. A pateway cassetie (bases 1o 1705 was amplified from
pBLOCK-T3-DEST (Invitrogen) by PCR. and the PCR product was inserted
ino the EcoRV site of pcDNA4-TO {Invitrogen) {tcrmed pcDNAJ-DEST).
Since the type HH EWS/FLII is a stronger transactivator than the type | product

MoL. CeLL. BioL.

{(32). we used the type 11 variant in the present study. EWS/ERG was isolated

from W-FS. an EFT cell line. joining EWS exon 7 and ERG exon 9. Full-length

EWS:FLI type IT and EWS/ERG cDNAs were amplitied from ¢cDNAs prepared
from NCR-FW2 und W-ES cells. respectively, by PCR as described below and
cloned into the Xmnl-EcoRV sites of pENTR11 (Invitrogen). The resulting
pENTR11-EWS/ETSs were recombined with pcDNA4-DEST by use of LR
recombination reaction as insiructed by the manuidcturer (Invitrogen) to con-
struct ‘the tetracyclinc-inducible EWS/ETS expression vector pcDNAS-EWS/
ETSs.

Western blot analysis. UET-13 transfectants were cultivated with or without 3
weiml of tetracycline for 72 h. Western blot analysis was perforimed as previously
described (37). Briefly. the cell lvsates were prepared und separated on a 139
sodium dodecy] sulfate-polyacryvlamide gel elecirophoresis gel and transferred
onto a polyvinvlidene difluoride membrane. The membranes were blocked with
3¢ skimmed milk in phosphate-bufiered saline (PBS) conwaining 0.014% Tween
20 (Sigma) and incubated with primary antibodies. As the primary untibodies.
anti-Fli-1. anti-Erg-172/3 (Santa Cruz Biotechnology). and unti-actin {Sigma)
were used. Horseradish peroxidase-conjugited anti-rabbit or anti-mouse immu-
noglobulin G (IgG) antibodies (DakoCytomation) were used us secondury anti-
bodies. Blots were detected by chemiluminescence using an ECL Plus Western
blotting detection sysiem {GE Healtheare Bio-Scicnce Corp.) and exposed o
X-ray film (Kodak) for 5 1o 30 min.

MTT assay and detection of apoptosis. Growth curves of UET-13 transfectants
were determined using the 3-(4.5-dimethylthiuzol-2-y1)-2,5-diphenyltetrazotium
promide (MTT) assay as described previously (I8). The apoptosis was detected
using an annexin V-fluoreseein isothiocyanate (FITC) apoptosis detection kit
(Biovision) according 10 the manufacturer’s instructions and analyzed by flow
cytometry {Cytomics FCS00; Beckman Coulter).

Immunofluorcscence analysis. After 1 week of culture in the absence or
presence of tetracycline. UET-13 cells und the transiectants were harvested with
00.25¢% trypsin pius EDTA (IBL). The cells (2 1 10%) were incubated with mouse
monoclonal antibodies for 20 min. In the case of fluorescence-labeled antibodies,
the cells were washed with PBS and then analyzed. In the case of primary
unconjugated mouse antibodies. the cells were washed and then incubated with
FITC-conjugated goot anti-mouse JgG antibody (lackson [mmunoResearch
Laboratories) for 20 min. Cell fluorescence was detected using a Cytomics FC300
instrument as described previously (27).

Antibodics against the following human antigens were used: CD10. CDI3,
CD14. CD29. CD34, CD40, CD44, CD43. CD49%¢. CD34. CD36. CD61, CDY0.
CD10S, CD117, and CD166 from Beckman Coulter: CD73 from BD Bio-
sciences-Pharmingen: CD33 from Abcam: CDSO from Cedurlane Laboratories:
and CD133 and CD271 lrom Milienyi Biotec GmbH.

Immunocvtochemistry. Cells were grown on collagen type I-coated cover
glasses (Iwaki). After 72 h with or without tetracycline. cells were fixed for 30 min
in 4% paraformaldehyde and permeabilized in PBS containing 0.2¢% Triton
X-100 {Sigma) for 30 min. Subsequently, they were washed with PBS and blocked
in PBS containing 0.1% Triton X-100 and 1% bovine serum albumin {Sigma) tor
30 min before being incubated with a menoclonsl anti-CD99 antibody. i.e.. 12E7
{1:100) {DakoCytomation) or 13 (1:200) (Thermo), and polyclonal anti-Fli-1
antibody (1:100) (Santa Cruz) for 1 h. Bound antibodies were visualized with
appropriate secondary antibodies. i.e. Alexa Fluor 488 goat anti-mouse IgG
(heavy plus light chains) highly cross-adsorbed and Alexa Fluor 546 goat anti-
rabbit 1gG (heavy plus light chains) highly cross-adsorbed (Invitrogen) for 1 hat
1:300. Nuclei were counterstained with 4'.6’-diamidino-2-phenylindole (DAPI)
or propidium iodide (PI) (Sigma}. For the visualization of whole cells. cells were
treated with Celltracker Blue (Invitrogen) for 30 min and then fixed. Fluores-
cence was observed and analvzed using a confocal laser scanning microscope and
image software (either FV500 from Olympus or LSM510 from Cart Zeiss).
Precise measurements of cell size, nuclear size. and the nucleus-to-cytoplasm
(N/C) ratio were performed using Image J (16).

RT-PCR analysis. Total RNA was extracted from cells by use of an RNeasy kit
{Qiagen) and reverse transcribed using  firststrand cDNA synthesis kit (GE
Healthcare Bio-Science Corp). RT-PCR was performed with a HotstarTag mas-
ter mix kit (Qiagen). As an internal control. human GAPDH ¢DNA was also
amplified. The sequences of gene-specitic primers for RT-PCR were as follows:
for EWS/FLII (forward). 3'-ATGGCGTCCACGGATTACAGTACCT-3": for
EWS/FLII (reverse). S-GGGTCTTCTTTGACACTCAATCG-3": for EWS/
ERG (forward). 3-ATGGCGTCCACGGATTACAGTACCT-3; for EWY/
ERG (reverse). 3-TTAGTAGTAAGTGCCCAGATGAGAA-3; for GAPDH
(forward). 5'-CCACCCATGGCAAATTCCATGGCA-3": and for GAPDH (re-
verse). S-TCTAGACGGCAGGTCAGGT/CCACC-3". PCR products were
electrophoresed with a 147 agarose gel and stained with ethidium bromide.
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Real-time RT-PCR. Reul-time RT-PCR was performed using TagMan univer-
sal PCR master mix and TagMan gene expression assavs and an invemoricd
assay on an ABI Prism 7900HT sequence detection system (Applicd Biosystems')
according to the manufacturer’s instructions. The human GAPDH gene was used
as an internal control for normalization.

DNA microarray analysis. Total RNA isolated from cells was reverse trun-
scribed and fabeled using one-cycle arget labeling and controt reagents as
instructed by the manulacturer (Afivmetrix). The labeled probes were hybridized
1o the human genome U133 Plus 2.0 array (Affvmerrix). The arrays were per-
Tormed in single experiments and analyzed using GeneChip operating software,
version 1.2 {Affymetrix). Background subtraction. normalization. and principul
component analysis (PCA) were performed by GeneSpring GX 7.3 software
(Agilent Technologies). Signal intensities were prencrmalized based on the me-
dian of all measurements on that chip. To account for the difference in detection
efficiencies between the spots. prenormalized signal intensities on euch gene
were normalized w0 the mediun of prenormalized measurements for that gene.
The duta were filtered using the following steps. (i) Genes that were scored as
absent in afl samples were eliminated. (ii) Genes for which the signal intensitics
were lower than 100 were eliminuted. {iii) Performing cluster analysis using

filtering genes. we sclected the genes that exhibited increased expression or
decreascd expression in tetracycline-treated cells. Accession numbers for the
microarray data are given below.

Invasion assay. The invasion assuy was performed using Matrigel (BD Bio-
science) according w0 the previous description (34) with some modification.
Polyearbonate flter inserts containing $-pm pores (BD Falcon) were coated with
30wl of a 6:1 mixiure of colture medium and Matrigel and placed into 24-well
culture plates containing DMEM supplemented with 1) -FBS as chemoat-
tractants. Cells (2.5 - 10%) treated with or without tetracycline for 72 h were
suspended in DMEM containing 0.03% T-FBS and plated on top of each filter
insert. After 20 h in culture in the presence or absence of tetracycling. nonin-
vading cells were removed from upper surface of the filter with o cotion swab.
The invading cells on the lower surface of the filter were fixed with formalin.
stuined with hematoxylin-cosin, and counted in five fields per membrane with
light microscopy. As 4 control, cells were also culured on uncoated filter inserts.
The invasion efticiency was presented as the ratio of the number of invading cells
on Matrigel-conted inseris w that on unconted inserts. Experiments were per-
formed in triplicate, and the means with standard deviations of the values are
shown in the graphs in the tigures.
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Microarray data accession numbers. Microurray data have been deposited in
the Gene Expression Omnibus database GEO (wwaw.ncbi.nlm.nih.govigeo) {ac-
cession numbers GSES663 and GSESI06).

RESULTS

EWS/ETS expression results in morphological changes in
UET-13 cells. To investigate how the expression of EWS/ETS
affects human MPCs, we used UET-13 cells as a model of
human MPCs and expressed EWS/FLII (UET-13TR-EWS/
FLI1) and EWS/ERG (UET-13TR-EWS/ERG) in a tetracy-
cline-inducible manner (Fig. 1A). As shown in Fig. 1B and C.
we confirmed that the tetracycline treatment could induce
EWS/ETS expression by RT-PCR analysis and Western blot-
ting. The inducibility upon the addition of doxycycline was
comparable 10 that upon the addition of tetracycline.

Using these cell systems, first we examined the effect of
EWS/ETS expression on morphology in UET-13 transfectants.
When tetracycline was added to the cuhure, the morphologies
of both UET-13TR-EWS/FLIT and UET-13TR-EWS/ERG
cells were dramatically changed (Fig. 1D). Tetracycline-treated
UET-13TR-EWS/ETS cells consisted of a mixture of small
round-to-polygonal cells and short spindle cells. The cell mor-
phology resembled that of EFT cefl lines. To assess the repro-

ducibility of this phenotypic change, other UET-13TR-EWS/
ETS clones were examined. and similar morphological changes
were observed. Since tetracycline (reatment did not affect the
morphology of UET-13TR cells (Fig. 1D). it was suggested
that the morphological alteration in UET-13 cells from a mes-
enchymal cell shape to small round cells, one of the charac-
teristics of EFT, can be attributed to EWS/ETS expression.
EWS/ETS expression inhibits cell growth in UET-13 cells.
Next, the eflect of EWS/ETS expression on the growth of
UET-13 cells was analyzed. As shown in Fig. 2A, an MTT assay
revealed that the addition of tetracycline had no effect on the
growth of UET-13TR cells but slightly inhibited that of UET-
13TR-EWS/ETS cells. We also assessed the cell growth of
ULET-13 transfectants after tetracycline addition by cell count-
ing and obtained results well in accord with those from the
MTT assay (data not shown). To determine the mechanism of
this inhibition, DNA content and the binding of annexin V 1o
UET-13 ransfectants were examined. No significant increase
in either sub-G,-phase cells (Fig. 2B) or annexin V binding
cells (Fig. 2C) was detected, suggesting that EWS/ETS-medi-
ated growth inhibition in UET-13 cells was not due to the
activation of an apoptotic pathway. Moreover, no significant
decrease in S-G-phase cells was observed (Fig. 2B).
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FIG. 3. Effects of tetracycline-mediated EWS/ETS expression on the expression and distribution of CD99 in UET-13 cells. (A) Relative CDYO
levels in UET-13 transfectants in the absence or presence of tetracveline (Tet). UET-13 transfectants were treated with or without 3 pe/ml of
tetracycline for the indicated periods. Real-time RT-PCR was performed to investigate the expression pattern of CIX99. Signal intensities of CDY9
were normalized using those of a control housekeeping gene (human GAPDH gene). Data are relative values with standard deviations from
triplicate wells and are normalized to the mRNA Jevel at 0 h, which is arbitrarily set to 1 in the graphical presentation. (B and C) Immunocy-
tostaining of CD99 in UET-13 transfectants. Cells were cultured on coverslips in the absence or presence of tetracvcline for 72 h and then stained
with anti-CD99 antibody 12E7 (B) or O13 (C) as described in Materials and Methods. RD-ES cells were also examined as a positive control. For

the staining of nuclei, DAPI was used.

Effect of EWS/ETS on CD99 expression in UET-13 cells. The
p30/32MICG-2 gene product. CD99. is a cell surface glycopro-
tein expressed in EFT with a strong membranous staining
pattern and thus constitutes a useful marker for EFT (2, 30).
Knowing the dramatic change of morphology in UET-13 cells.
we next investigated the mRNA level of CD99 in tetracycline-
treated and untreated UET-13 transfectants by quantitative
real-time RT-PCR. CDY9 levels were clearly elevated by tet-
racycline treatment in both UET-13TR-EWS/FLI1 and UET-
I3TR-EWS/ERG cells in a time-dependent manner (Fig. 3A).

We also’examined the protein expression of CDY9 by im-
munostaining using 12E7 antibody, which is most widely used
as an anti-CDY9Y antibody. An EFT cell line. RD-ES, showed
strong membranous staining of CD9Y (Fig. 3B). while ncither
UET-13TR cells nor UET-13 celis had such a staining. Of note
is the fact that although 12137 reactivity was observed only in
the cytoplasm in perinuclear regions in both UET-13TR (Fig.

3B) and UET-13 (data not shown) cells, this antibody is well
known to cross-react with a cytoplasmic protein not yet char-
acterized. Since another anti-CDY9 antibody. O13, did not
react with either UET-13TR (Fig. 3C) or UET-13 (data not
shown) cells, we concluded that the perinuclear staining of
12E7 mentioned above was a cross-reaction with unrelated
proteins.

In the absence of tetracycline. both UET-13TR-EWS/FLII
and UET-13TR-EWS/ERG cells were also negative with anti-
CDYY antibodies (a pattern designated CD997). similar to
UET-13 cells. Surprisingly. however, 1etracycline induced a
membranous staining pattern {designated CD99") in UET-
13TR-EWS/IFLI and UET-13TR-EWS/ERG cells, and some
CDY9™ cells had irregularly contoured nuclei (Fig. 3B). The
same results were observed with another anti-CDY9 antibody,
O13 (Fig. 3C). indicating that the membranous staining ob-
served for UET-13 transfectants with the anti-CD99 antibodies

—412—



I0roO+

F4

[2mb00708/zmb7387d08z | xppws | S=1 [ 2/5/08 | 4/C Fig: 3,47 | Art: 0740-07 |

6 MIYAGAWA ET AL Mot CeuL. BioL.

A o

Anti-FLI1

Anti-CD99

O

Ratio of
nuclear size (%)

DAP!

B Celltracker Pl

& &
a3
00

Anti-CD99

FIG. 4. EWS/ETS cxpression, alteration of CD99 distribution, and cell morphological changes in UET-13 cells. (A) Immunofluorescence
studies using anti-Flil (red). anti-CD99 (green), and DAPI (blue). UET-13TR-EWS/FLII cells were cultured on coverslips in the ahsence or
presence of tetracycline (Tet) for 72 h and then stained as described in Materials and Methods. White arrowheads indicate mb-CD99 cells that
have a sirong staining pattern with anti-Flil antibodies and also have remarkable CD99 expression and morphological features. (B) Immunotiu-
orescence analysis by triple staining with whole cells (Celltracker; blue). CD99 (anti-CD99; green), and nuclei (P1; red). UET-13TR-EWS/FLI
cells were cultured as described for panel A and then stained as described in Materials and Methods. (C to E) Measurements of whole-cell size
(C). nuclear size (D), and N/C ratio (E) in tetracycline-treated UET-13 transfectants. UET-13TR-EWS/FLI1 and UET-13TR-EWS/ERG cells
were cultured on coverslips in the presence of tetracycline for 72 h and then stained as described in Materials and Methods. These samples were
analyzed by the image analysis software Image J (2 = 50). (C and D) Data are relative values with the SE and are normalized to the size of cp-CD99
cells, which is arbitrarily set to 100. (E) Data are relative values with the SE and are normalized to the size of ¢p-CD99 cells, which is arbitrarily
set to 1.

was really CD99 derived. Despite the fact that cells were single enhancement of nuclear staining with anti-Flil antibodies in a
colony derived, there was a heterogeneous response 10 tetra- large number of UET-13TR-EWS/FLIL cells, indicating the
cycline treatment in UET-13TR-EWS/FLI1 and UET-13TR- induction of EWS/FLI1 proteins. Furthermore. we observed
EWS/ERG cells, but most of the CD99" cells had a small that the cells with a strong signal for Flil tended 1o reveal a
round morphology. one of the characteristics of EFT. To assess membranous staining pattern with anti-CD99 antibodies and a
the correlation between EWS/FLIL expression and the change small round morphology (Fig. 4A). To further verify the cor-
of the CDY9 expression pattern. we performed immunofluo- relation between CD9Y expression pattern and cell morphol-
rescence studies using anti-Flil and anti-CD9Y antibodies. As ogy, we estimated the size of cells by triple staining using
shown in Fig. 4A, tetracycline treatment induced a marked Celltracker Blue, PL. and anti-CD99 antibody (Fig. 4B). As
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