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Figure 2. Methylation status of the RASSF1A promoter region and RASSFTA mRNA expression in
Wilms tumors. (A) Examples of promoter methylation status using methylation-specific PCR. M,
methylated promoter; U, unmethylated promoter; MC, a methylated contral using methylated
DNA; UC, an unmethylated control using unmethylated DNA. (B) Bisulfite sequencing analysis of the
methylation status of RASSFIA in three Wilms tumors (Nos 4, 13, and 23) shown in (A). The
locations of MSP primers are shown at the bottom of the figure. (C) RAS5FTA mRNA expression analysis

by RT-PCR
Wilms tumors. The mechanism causing the down- [25,26), et cetera, but not by methylation of the
regulation of BubR1 is presently unknown, and promoter region.
may include the suppressed translation by miRNA, BubR1 is a key molecule mediating spindle-
the accelerated ubiquitination that degrades protein checkpoint activation. Recent mouse studies showed
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that haplo-insufficiency of BubRI results in
enhanced genomic instability and cancer develop-
ment in the lung and colon, leading to a speculation
that haplo-insufficiency of BubRlI can cause
genetic instabilities at the levels of both DNA repair
and chromosomal segregation, the deregulation
of which will inevitably result in malignant
transformation [4,27,28]. Structural chromosomal
changes, including translocations and deletions, are
thought to occur through DNA double-strand break
repair after DNA damage [29]. Thus, these findings
and ours indicated that the down-regulation of
BUBIE might be involved in the occurrence of
sporadic hyperdiploid and near-or-pseudodiploid
Wilms tumors.

RASSF1A is a candidate tumor suppressor gene that
has been shown to play important roles in cell cycle
regulation, apoptosis, and microtubule stability [6].
RASSF1A protein associates with microtubules in
interphase, and spindles and centrosomes during
mitosis, and blocks activated Ras-induced genomic
instability [30,31]. In addition, Song et al. [7]
identified RASSFIA as a mitosis-specific inhibitor of
anaphase-promoting complex/cyclosome (APC/C).
They also showed that depletion of the gene by RNA
interference accelerated mitotic cyclin degradation
and mitotic progression, and caused a cell division
defect characterized by centrosome abnormalities
and multipolar spindles. Thus, loss of RASSF1A
expression might be involved in chromosome
abnormalities. Methylation of the RASSFIA pro-
moter was frequently reported in various cancers,
including Wilms tumor [6,8,9], and previous studies
repeatedly showed that promoter hypermethylation
of RASSF1A correlated with loss of expression and
treatment with a demethylating agent reactivated
RASSFIA gene expression in various cancer tissues or
cell lines [32-34]. There have been few reports that
examined the relationship between RASSFIA meth-
ylation and chromosome changes in tumor samples.
We therefore analyzed the methylation status of the
RASSF1A promoter region in 25 Wilms tumors
with MSI" and found complete methylation in 13 of
16 hyperdiploid or near-or-pseudodiploid tumors,
and unmethylation of RASSFIA in 5 of 9 diploid
tumaors (Table 1 and Figure 2A). The partial promoter
methylation was found in 3 hyperdiploid or near-
or-pseudodiploid tumors and in 4 diploid tumors.
The results of MSP analysis were confirmed by
bisulfite sequencing and quantitative methylation
analysis that showed higher levels of methylated
RASSF1A templates In tumors with the compete
methylation than in tumors with the unmethylation
or partial methylation (P < 0.01; Student’s t-test and
Welch's t-test) (Figure 2B and Table 1), Furthermore,
RT-PCR analysis detected RASSFIA mRNA in
diploid Wilms tumors and normal kidney tissues
with unmethylated RASSFIA, but essentially not in
hyperdiploid or near-or-pseudodiploid tumors with
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completely or partially methylated RASSFIA (Table 1
and Figure 2C); one tumor (No. 15) with the
complete methylation showed a faint band probably
because of contaminated normal tissue RNA.
Chromosome instability was found in Hela cells
treated with RASSFIA RNA interference, but not in
Rassfla knockout mice [7,30]. These findings led us
to speculate that the combined down-regulation of
RASSFIA and other genes may cause chromosome
instability in tumor cells.

Thus, while BubR1 protein expression decreased
and the promoter region of RASSF1A was completely
methylated in the great majority of hyperdiploid
or near-or-pseudodiploid tumors, BubR1 protein
expression increased and the promoter region of
RASSFIA was unmethylated in the majority of
diploid tumors. Partial methylation of RASSF1A was
found in both groups of tumors with or without
chromosome changes, and its significance on the
changes Is unresolved in the present study. There
was no correlation between histological subtypes
of Wilms tumor and decreased BubR1 protein
expression or RASSFIA hypermethylation (data not
shown). These findings indicate that the combined
down-regulation of BubR1 and promoter hyper-
methylation of RASSF1A might be implicated in the
formation of numerical and/or structural chromo-
somal changes found in hyperdiploid and near-or-
pseudodiploid Wilms tumors.
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Ewing’s family tumor (EFT) 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/ETS-inducible system in human
bone marrow-derived mesenchymal progenitor cells (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 to human

Department of Developmental Biology, National Research Institute for Child Health and Development, 2-10-1, Okura, Setagaya-ku,

MPCs.

Ewing's family tumor (EFT) is a rare childhood cancer aris-
mg 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 effective 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, ie.,
EWS/FLIL, 1(11;22)(q24;q12); EWS/ERG, 1(21;22)(q12;q12);
EWS/ETVI, 1(7,22)(p22:q12); EWS/E1AF, t(17;22)(q12;q12);
and EWS/FEV, 1(2:22)(q33:q12) (26). The products of these
chimeric genes behave as aberrant transcriptional regulators
and are believed to play a crucial role in the onset and pro-
gression of EFT (3, 36). Indeed, recent studies have r led
that the induction of EWS/FLI1 proteins can trigger transfor-
mation in certain cell types, including NIH 3T3 cells (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/
FLI1 provokes apoptosis and growth arrest in mouse normal
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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 tumorigenic 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 tissues has kept open the debate as to a potential mesen-
chymal or neuroectodermal origin. As described above, ectopic
expression of EWS/FLIT 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, 45, 52), 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/FLI1-induced tumors in mice (29, 46).

The development of expenimental 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-
ences include the expression patterns of surface antigens in
MPCs, for instance (7, 44, 51, 53). Moreover, human cells are
difficult to transform in vitro, and the transformed cells of mice
seem to produce a more aggressive tumor than those of hu-
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TABLE [ Cell lines used in this study and fusion transcnpt types

Fusion transcript

Cell line Diagnosis type Relerence
EES-1 EFT EWS/FLII type 1 20
SCCH19%6 EFT EWS/FLII type 1 2
RD-ES EFT EWS/FLIT ype 11 5
SK-ESI EFT EWS/FLI1 type 11 5
NCR-EW2 EFY EWS/FLII type 11 19
NCR-EW3 EFT EWS/EIAF 19
W-ES EFT EWS/ERG 13
NB69 NB 15
NBY NB 15
GOTO NB 47
NRS-1 RMS PAX3/FKHR 40

mans (1), The findings suggest the existence of undefined cell-
autonomous mechamsms 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 Matrigel invasion ability of UET-13 cells,

MATERIALS AND METHODS

Cell cultures und establishment of UET-13TR-EWS/ETS cell lines. UET 13
cells were cultured in Dulbeceo’s modified Eagle's medium (DMEM) with 10%
Tet system approved fetal bovine serum (T-FBS) (Takara) at 37°C under a
humidified 5% CO, atmosphere. EFT cell lines (EES-1 [20], SCCH196 [21],
RD-ES and SK-ES1 [§]. 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 R.PMI 1640 with 10% FBS. A lhnhdnmymarmml cell line, NRS-1
(40, was cul i in Eagle's imal | fium with 10% FBS, The cell
lines used in this study are listed in Table 1,

UET-13 cells were seeded at a density of 5 % 10 cells per well in 24-well tissue
culture plates 1 day prior to transfection. For introducing the tetracycline-induc-
ible system, UET-13 cells were transfected with pcDNAS-TR (Invitrogen) by use
of Lipof ine 2000 (1 ). After 72 h, the medium was replaced with
fresh medium containing 200 pg/ml of blasticidin 8 (lnvitrogen), Individual
resistant clones were selected for a month and designated UET-13TR cells.
UET-13TR cells were further transfecied with pcDNA4-EWS/ETSs constructed
as descnibed below, and individual resistant clones were selected in DMEM
contaiming 10% 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 i (bases | to 1705) was amplified from
pBLOCK-iT3-DEST [Invltrugcn) h)( PCR, and the PCR product was insested
inta the EcoRV site of pcDNA4-TO (Invitrogen) (termed pcDNA4-DEST),

MoL CELL BioL

(32), we used the type 11 vanant in the present study, EWS/ERG was isolated
from W-ES, an EFT cell line, joining EWS exon 7 and ERG exon 9. Full length
EWS/FLIL type Il and EWSERG cDNAs were amplified from cDNAs prepared
from NCR-EW2 and W-ES cells, respectively, by PCR as described below and
cloned into the Xmnl-EcoRV sites of pENTRI11 (Invitrogen) The resulting
PENTRI1-EWS/ETSs were recombined with pcDNA4-DEST by use of LR
recombination reaction as 1 d by the \ (Invitrogen) to con-
struct the tetracydline-inducible EWS/ETS expr vector pcDINAS-EWS/
ETSs.

Western blot analysis. UET-13 transfectants were cultivated with or without 3
pg/ml of tetracycline for 72 h. Western blot analysis was performed as previously
described (37). Briefly, the cell lysates were prepared and separated on a 10%

sodium dodel:yl lnll'ale polymylaﬂnd: gel el ph gel and ferred
onte a polyvinyl The b wele ked with
5% sk d milk in phosphate-bulfered saline (PBS) g 0.01% Tween

20 (Sigma) and incubated with primary antibodies, As the primary antibodies,
anti-Fli-1, anti-Erg- L’Za"& [Snnu Cruz Bmle:um]ngy} and anti-actin (Sigma)
were used. H p jugated anti-rabbit or anti-mouse immu-

globulin G (1gG) antibodies {DakoCy ) were used as secondary ant-
bodies. Blots were d d by chemil using an ECL Plus Western
blatting detestion system (GE Healthcare Bio-Science Corp.) and exposed 1o
X-ray film (Kodak) for 5 to 30 min

MTT assay and detection of apoptosis. Growth curves of UET-13 transfectants
were determined using the 3-(4,5-dimethyithiazol-2-y1)-2 5-diphenyl li
bramide (MTT) assay as described premuky (18). The apoptosis wu detected
using an V (FITC) apof detection kit
(Biovision) g o the ‘s instructions and analyzed by flow
cymmet:y (Cytomics FCS00; Beckman Coulter)

lysis. After | week of culture in the absence or
presence of tetracycline, UET-13 cells and the transfectants were harvested with
0.25% trypsin plus EDTA (IBL). The cells (2 % 10°) were incubated with mouu
monoclonal antibodies for 20 min. In the case of fi labeled antit
the cells were washed with PBS and then analyzed. In the case of primary
mouse ibodies, the cells were washed and then incubated with
FITC d goal anti-mouse IgG antibody (Jackson 1 R h
Laboratories) for 20 min. Cell fluorescence was detected using a Cytomics FCS00
instrument as described previously (27).

Antibodies against the following human antigens were used: CD10, CD13,
CD14, CD29, CD34, CD40, CD44, CDM45, CD4%, (D54, CD56, CD61, CD%0,
CDI0S, CD117, and CD166 from Beckman Coulter; CD73 from BD Bio-
sciences-Pharmingen; CD35 from Abcam; CDS59 from Cedarlane Laboratories;
and CD133 and CD271 from Milienyi Biotec GmbH.

Immunocytochemistry. Cells were grown on collagen type l-coated cover
plasses (Iwaki). After 72 h with or without tetracycline, cells were fixed for 30 min
in 4% paraformaldehyde and p bilized in PHS 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) for
30 min before being incubated with & monoclonal anti-CD% antibody, Le., 12E7
(1:100) (DakoCytomatian) or 013 (1:200) (Thermo), and polyclonal anti-Fli-1
llulhudy (1:100) (Sant.l Cruz) for 1 h. Bound antibodies were visualized with

ibodies, Le,, Alexa Fluor 488 goat anti-mouse 1gG
(hew)r plus light cllalm) highly cross-adsorbed and Alexa Fluor 546 goat anti-
rabbit IgG (heavy plus light chuns) highly cross-adsorbed (Invitrogen) for | hoat
1:300. Nuclei were d with 4'.6"-diamidino-2 lindole (DAFT)
or propidium iodide (PT) (Sigma). For the visualization of whol: cells, cells were
treated with Celltracker Blue (Invitrogen) for 30 min and then fixed. Fluores-
cence was observed and analyzed using a confocal laser scanning microscope and
image software (cither FVS00 from Olympus or LSMS10 from Carl Zeiss)
Precise measurements of cell size, nuclear size, and the nucleus-to-cytoplasm
(N/C) ratio were performed using Image I (16)

RT-PCR analysis. Total RNA was extracted from cells by use of an RNeasy kit
(Qiagen) and reverse transcribed using a first-strand 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 cDNA was also
amplified. The sequences of gene-specific primers for RT-PCR were as follows
for EWS/FLIL (forward), 5-ATGGCGTCCACGGATTACAGTACCT-3; for
EWS/FLIL (reverse), §-GGGTCTTCTTTGACACTCAATCG-3'; for EWS/
ERG (forward), 5'-ATGGCGTCCACGGATTACAGTACCT-3, for EWS/
ERG (revense), S TTAGTAGTAAGTGCUCAGATGAGAA-3', for GAPDH
(forward), 5" CCACCCATGGCAAATTCCATGGCA-Y'; and for GAPDH (re-
verse;l STCTAGACGOCAGGTCAGGT/CCACC-Y. PCR products were

b d with & 1% agarose gel and stained with cthidium bromide.

Since the type Ll EWS/FLI1 is a stronger transactivator than the type 1 prod
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FIG. 1. The effect of EWS/ETS on the morphology of UET-13 cells. (A) The establishment of a lcuacyclme -inducible EWS/ETS expression

system in UET-13 cells. CMV, cytc us. (B) A

for confirming the inducible expression of EWS/ETS genes. EWS/ETS mRNAs were

detected in UET-13 transfectants UET- 13TR EWS/FLII and UET-13TR-EWS/ERG by RT-PCR. These cells were treated with or without 3

pg/ml of tetracychne (Tet) for the indicated periods, As an internal control, a human GAPDH gene was used. (C) Analyses for confirming the
inducible expression of EWS/ETS proteins. The cells were treated as described for panel B and subjected to Western blotting for the detection
of EWS/ETS protens. The extracts of RD-ES and W-ES cells were also examined as positive controls, Membranes were reprobed with anti-actin
antibody as a loading control. (D) Morphological change after tetracycline treatment of UET-13 transfectants. UET-13 cells and the transfectants
were cultured in the absence or presence of tetracycline for 72 h and observed by light microscopy. Magnification, x40 (top); *200 (bottom). Cells
were also examined using hematoxylin-eosin (HE) (top) and May-Giemsa (bottom) staining (magnification, *200).

Real-time RT-PCR. Real-time RT-PCR was performed using TagMan univer-
sal PCR master mix and TagMan gene expression assays and an inventoried
assay on an ABI Prism 7900HT sequence detection system (Applied 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 tran-
scribed and labeled using one-cycle target labeling and control reagents as
instructed by the manufacturer {Affymetrix). The labeled probes were hybridized
to the human genome U133 Plus 2.0 array (Affymetrix). The arrays were per

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

Invasion assay. The i ASEAY WAS [ 4 using Matrigel (BD Bio-
science) according to the previous description (34) with some modification
Polycarbonate filter insers containing 8-pm pores (BD Falcon) were coated with
S0 wl of & 6:1 mixture of culture medium and Matrigel and placed into 24-well
culture plates g DMEM I i with 10% T-FBS as chemoat

tractants. Cells (2.5 x !G"l treated with or without tetracycline for 72 h were

formed in a single experiment and analyzed using GeneChip operating sof

version 1.2 (Affymetrix). Background subtraction, normalization, and principal
componen! analysss (PCA) were performed by GeneSpring GX 73 software
(Agilem Technologies). Signal intensities were prenormalized based on the me-
dian of all measurements on that chip. To account for the difference in detection
efficiencies between the spots, prenormalized signal on each gene
were normalized to the median of prenormalized measurements for that gene
The data were filtered using the following steps. (i) Genes that were scored as
ahsent in all samples were eliminated (i) Genes for which the signal intensities
were lower than 100 were eliminated (iii) Performing cluster analysis using

ded in DMEM o g 0.01% T-FBS and plated on top of each filter
nsert. After 20 h in culture in the presence or absence of tetracycline, nonin-
vading cells were removed from upper surface of the filter with a cotton swab
The invading cells on the lower surface of the filter were fixed with formalin,
stained with hematoxylin-eosin, and counted in five ficlds per membranc with
light microscopy. As a control, cells were also cultured on uncoated filter inserts
The invasion eficiency was presented as the ratio of the number of invading cells
on Matnigel-coated inserts to that on uncoated inserts. Expeniments were per
formed in tniplicate, and the means with standard deviations of the values are
shown in the graphs in Fig 8
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FIG. 2. Effects of EWS/ETS on cell growth in UET-13 cells. (A) Growth curve for UET-13 transfectants. Cells were sceded at 10%well and
cultured as described for Fig. 1. The increase in cell number was analyzed by MTT assay. Values are means with the standard errors (SE) from
three independent experiments. Diamond symbols indicate UET-13 transfectants in the absence of tetracycline (Tet); box symbols indicate UET-13
transfectants in the presence of tetracycline. (B) Cells were cultured as described for panel A in the absence or presence of tetracycline for 3 days
and then stained with PI, and DNA contents were analyzed by flow cytometry (x axis, relative intensity of fluorescence; y axis, relative cell number)
(C) Cells treated as described for panel B were stained with FITC-annexin V and analyzed.

Microarray data accession numbers. Microarray dats have been deposited in
the Gene Expression Omnibus database GEOQ (www.nchi.nim.nih.govigeo) (ac-
cession numbers GSEB665 and GSERS96).

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/FLI1 (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 to 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 culture, the morphologies
of both UET-13TR-EWS/FLI1 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 cell lines. To assess the repro-

123

ducibility of this phenotypic change, other UET-13TR-EWS/
ETS clones were examined, and similar morphological changes
were observed. Since tetracycline treatment 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 effect 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
UET-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 o
UET-13 transfectants 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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F1G. 3. Effects of tetracycline-mediated EWS/ETS expression on the expression and distribution of CD%9 in UET-13 cells. (A) Relative CD%9
levels in UET-13 transfectants in the absence or presence of tetracycline (Tet). UET-13 transfectants were treated with or without 3 pg/ml of
tetracycline for the indicated periods. Real-time RT-PCR was performed to investigate the expression pattern of CD99, Signal intensities of CD99
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 10 the mRNA level at 0 b, 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 tetracycline for 72 h and then stained
with anti-CD99 antibody 12E7 (B) or 013 (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
p30/32MIC-2 gene product, CDY9, 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 CD% in tetracycline-
treated and untreated UET-13 transfectants by gquantita
real-time RT-PCR. CD99 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 CD99 by im-

e

munostaining using 12E7 antibody, which is most widely used
as an anti-CD99 antibody. An EFT cell line, RD-ES, showed
strong membranous staming of CD99 (Fig. 38), while neither
UET-13TR cells nor UET-13 cells had such a staining. Of note
is the fact that although 12ZE7 reactivity was observed only in
the cytoplasm in peninuclear regions in both UET-13TR (Fig

3B) and UET-13 (data not shown) cells, this antibody is well
ki'lll“-‘n to cross-react “lrll a L'_\ [I\I‘!:!.‘-ITI!L' I!lilTLle not _\l."l ihilT
acterized. Since another anti-CD99 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
12ZE7 mentioned above was a cross-reaction with unrelated
prolems

In the absence of tetracycline, both UET-13TR-EWS/FLII
and UET-13TR-EWS/ERG cells were also negative with anti-
CD99 antibodies (a pattern designated CD99" ), similar 1o
UET-13 cells. Surpnisingly, however, tetracychne induced a
membranous staining pattern (designated CD99") in UET-
I3TR-EWS/FLII and UET-13TR-EWS/ERG cells, and some
CD99" cells had irregularly contoured nuclei (Fig. 3B). The
same results were observed with another anti-CD99 antibody,

013 (Fig. 3C), indicating that the membranous staining ot
served for UET-13 transfectants with the anti-CDD99 antibodies
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S/ETS expression, 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 absence or
presence of tetracycline (Tet) for 72 h and then stained as described in Matenials and Methods. White arrowheads indicate CD99™ cells that have
a strong staining pattern with anti-Flil antibodies and also have remarkable CD99 expression and morphological features. (B) Immunofluores-
cence analysis by triple staining with whole cells (Celltracker; blue), CD99 (anti-CD99; green), and nuclei (P1; red). UET-13TR-EWS/FLII cells
were cultured as described for panel A and then stained as described in Materials and Methods. (C 1o 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 (n = 50). (C and D) Data are relative values with the SE and are normalized 10 the size
of CD99" cells, which is arbitranly set to 100, (E) Data are relative values with the SE and are normalized to the size of CD99™ cells, which

15 arbitranly set to |

was really CD99 derived. Despite the facl that cells were single
colony derived, there was a heterogeneous response Lo tetra-
cycline treatment in UET-13TR-EWS/FLI1 and UET-13TR-
EWS/ERG cells, but most of the CD99" cells had a small
round morphology, one of the characteristics of EFT. To assess
the correlation between EWS/FLIT expression and the change
of the CD99 expression pattern, we performed immunofluo-
rescence studies using anti-Flil and anti-CD99 antibodies. As
shown in Fig. 4A, tetracycline treatment induced a marked

enhancement of nuclear staining with anti-Flil antibodies in a
large number of UET-13TR-EWS/FLII cells, indicating the
induction of EWS/FLI1 proteins. Furthermore, we observed
that the cells with a strong signal for Flil tended to reveal a
membranous staining pattern with anti-CD99 antibodies and a
small round morphology (Fig. 4A). To further verify the cor-
relation between CD99 expression pattern and cell morphol-
ogy, we estimated the size of cells by triple staining using
Celltracker Blue, P1, and anu-CD99 antibody (Fig. 4B). As
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TABLE 2 Immunophenotypic charactenzation of UET-13 transfectants and EFT cells
Result for®:
MPC . UET-13TR- UET-13TR- EFT
staggs G marker  UET-13 HEEASTR EWS/FLIL EWS/ERG RDES  Status e
Tet Tet Tet Tet Tet™ Tet*

M+ CD29 + + + + - & + + +

M+ CDs9 + + + + - + + + +

M+ CD90 + + + + + + + + + E+

M+ CDI105 + + + + + + + + +

M+ CD166 + t + 4 + + + + +

M+ CDa4 + + + + + + + - -

M+ CcDT73 + + + + + - + = -

M+ CD1o + + + + Down + Down - =

M+ cm3 + + + + Down + Down - -

M+ CD49%¢ + + + + Down + Down + -

M+ D61 + id + + Down + Down = =

M+ CDss + + + + Down + + + —

M+ CD54 - - - - Up - Up + + E+

M(-) cm? - - - - Up - Up + + E+

M+/- cD271 - - - - Up - Up + + E+
CD40 - - - - - - - - + E+
CD36 . = - - = = = + + E+

M(-) CD133 - - - - - - - . +

M(-) CD14 = - = - - - - - =

M(=) CD34 - = = = - = = =

M(-) CD45 = = = - = -

“ M( - ), negative lnr MPCs; M+/-, positive for BM demed MPCt bul negative after in vitro cul.lur: M+ p\mll\t for MPCs
¥+, most eells p - ; Up. 1 by tetr Daown, d i by tetracy Boldface indicates the antigens

the mlmnmphmnlypu of which were d‘unlad in favor of EFT. Tet~
* E+, positive for EFTs,

presented in Fig. 4C and D, the results clearly showed that the
majority of CD99™ cells were significantly smaller in both
whole-cell size and nuclear size than the CD%9™ cells. More-
over, CD99" cells also had a substantially increased N/C ratio
(Fig. 4E). These results indicated that EWS/ETS expression
promoted CD99 expression in UET-13 cells, and CD99 expres-
sion status is correlated with the degree of morphological
change.

EWS/ETS expression altered the immunophenotype of
UET-13 cells. Human MPCs reveal a characteristic expression
of several surface antigens and can be identified on the basis of
the reactivity with a set of monoclonal antibodies against CD
antigens (25, 42). On the other hand, some CD antigens are
charactenstically expressed on EFT cells (17, 28, 33). Using the
combinations of these antibodies listed in Table 2, which are
useful for the immunodetection of either MPCs or EFT cells,
we further examined whether EWS/ETS expression affects the
immunophenotype of UET-13 cells and compared its effect
with that on the immunophenotype of EFT cell lines (Table 2
and Fig. 5). As shown in Table 2, UET-13 cells express most of
the human primary MPCs markers. Some of the antigens ex-
pressed in MPCs, namely, CD29, CD59, CD9%), CD105, and
CD166, were also found to be expressed in EFT cell lines, but
others, namely, CD10, CD13, CD44, CD61, and CD73, were
not. In contrast, antigens recognized to be present in EFT cells,
including CD40, CD56, and CD133, were absent from UET-13
cells. Interestingly, when the effect of tetracycline-mediated
EWS/ETS expression on the immunophenotype of UET-13
cells was tested, levels of some of the antigens present in
UET-13 cells, such as CD10, CD13, and CD61, were found to
be decreased (Fig. 5). In contrast, some of the markers found

, tetracycline negative; Tet*

wlracyl:llm positive.

in EFT cells, i.e., CD54, CD117, and CD271, became positive
in UET-13TR-EWS/ETS cells after tetracycline treatment. Be-
cause UET-13TR cells did not show such immunophenotypic
change upon treatment with tetracycline, these results indi-
cated that, at least in part, the immunophenotype of UET-13
cells was changed in favor of EFT in the presence of EWS/
ETS.:

EWS/ETS in UET-13 cells modulates EFT-like gene expres-
sion. To further examine the molecular mechanism of EWS/
ETS-dependent cellular modulation in human mesenchymal
progenitor background, we performed DNA microarray-based
expression profiling using the Affymetrix human genome U133
Plus 2.0 array. As a first step to this approach, we validated our
experimental systems by analyzing the sequential changes of
known EWS/ETS target genes, i.e., inhibitor of differentiation
2 (ID2) (14, 39), NK2 transcription factor related, locus 2
(NKX2.2) (9, 48), and insulin-like growth factor binding pro-
tein 3 (IGFBP3) (41). Consistent with previous reports, levels
of ID2 and NKX2.2 increased with the expression of EWS/ETS
in a time-dependent manner, whereas the expression level of
IGFBP3 decreased (Fig. 6A). Employing the same procedure,
we also examined whether the change of surface antigen ex-
pression was regulated at the transcriptional level and deter-
mined the mRNA expression levels of some surface antigens in
UET-13 transfectants with or without tetracycline treatment.
In accordance with the results of immunocytometric and im-
munohistological experiments, the mRNA expression levels of
CD10, CD13, CD49%, and CD61 were decreased, while those
of CD54, CD99, CD117, and CD271 were markedly increased
in tetracycline-treated UET-13TR-EWS/ETS cells (Fig. 6B
and C), indicauing that the expression of these antigens is

126
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FIG. 5. Immunophenotypic change on induction of EWS/ETS expression in UET-13 cells. UET-13 transfectants were cultured with or without
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panels (Cnt). Arrows indicate the immunophenotypic change caused by tetracycline. The immunophenotypes of the EFT cell lines RD-ES and

SK-ES1 were also examined.

controlled at the transcriptional level in the presence of EWS/
ETS.

We next investigated the candidate genes whose expression
15 regulated by EWS/ETS in human MPCs. First, we selected
the genes with up-regulated or down-regulated expression by
EWS/ETS induction using gene cluster analysis (Fig. 7A; UET-
13TR-EWS/FLI1 up, 4,294 probes; down, 4,103 probes; UET-
I3TR-EWS/ERG up, 3,358 probes; down, 3,705 probes). To
reduce the number of the candidate genes, we selected up-
regulated genes that are expressed in letracycline-treated cells at
least 1.5-fold higher than in untreated cells (UET-13TR-EWS/
FLII, 1,137 probes; UET-13TR-EWS/ERG, 835 probes). Simi-
larly, the down-regulated genes that are expressed in tetracycline-
treated cells at least 0.75-fold lower than in untreated cells (UET-

I3TR-EWS/FLI1, 1,803 probes, UET-13TR-EWS/ERG, 773
probes). By selecting common probes in both cells, we finally
identified a group of candidate genes significantly controlled by
EWS/ETS induction in the human mesenchymal progenitor back-
ground. Since microarray analysis was performed as a global
screening in a single experiment, it s likely that there is a fair bit
of noise in the derived gene profiles due to the lack of replicate
data. This may account in part for the limited overlap between the
profiles induced by EWS-FLI1 and EWS-ERG, whereas we still
identified 349 probes of common up-regulated genes and 293
probes of common down-regulated genes (see the supplemental
matenal), In addition to the EFT-specific genes mentioned
above, these contained those previously described as EFT-specific
genes, such as those for OB-cadherin/cadherin-11 (31), Janus
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of surface antigens in UET-13 transfectants. UET-13 transfectants were treated with or without 3 pg/ml of tetracycline for 72 h. mRNA levels were

determined with the Affymetrix human genome U133 Plus 2.0 array

kinase 1 (JAK1) (49), keraun 18, and six-transmembrane epithe-
lial antigen of the prostate (STEAP) (22). The expression pattern
of these genes (642 probes) in UET-13 transfectants in the ab-
sence or presence of tetracycling is shown in the gene cluster in

Fig. 7TB. The expression of these genes was indeed changed sig-
nificantly after EWS/ETS expression in both cells. They included
genes associated with signal transduction (such as those for epi-
dermal growth factor receptor, FAS [CD95], and fibroblast
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growth factor receptor 1) and development (such as jagged-1 and
frizzled-4, -7, and -8). Interestingly, in addition to the surface
antigens presented in Fig. 6B and C, the expression profiling of
EWS/ETS-expressing UET-13 cells displaved the modulation of
several genes associated with cell adhesion, cytoskeletal structure,
and membrane trafficking, such as those for collagen-11 and -21,
ephrin receptor-AZ2, -B2, and -B3, ephrin-Bl, claudin-1, integrin-
all, -aM, and B2, CD66 (carcinoembryonic antigen-related cell
adhesion molecule-1), and CD102 (intercellular cell adhesion
maolecule-2). They also included genes of chemokines CCL-2 and
-3. These data raise the possibility that EWS/ETS can contribute
to the membrane condition in human MPCs via the regulation of
these cell surface molecules and chemokines.

Using these genes, we performed a PCA to visualize the shift
in the gene expression pattern among the 642 probes. As
shown in Fig. 7C, the plots of UET-13 transfectants treated
with tetracycline became closer to those of EFT cells than to
those of UET-13 transfectants without tetracycline treatment.
These results indicated that the expression pattern of these
genes was altered from that of UET-13 cells to that of EFT
cells in an EWS/ETS-dependent manner. Since the gene ex-
pression profile of UET-13 cells is similar to those of other cell
types of mesenchymal origin (data not shown), our results
highlighted that the phenotypic alteration from mesenchyme
to EFT-like cells in UET-13 cells induced by tetracycline treat-
ment was accompanied by a change in the global gene expres-
sion profile.

EWS/ETS expression enhances the Matrigel invasion of
UET-13 cells. To assess the role of EWS/ETS in malignant
transformation in human MPCs, UET-13 transfectants were
examined by invasion assay. As shown in Fig. BA, tetracycline
treatment did not affect the Matrigel invasion ability of UET-
13TR cells. When examined similarly, however, tetracycline
treatment resulted in an apparently increased mvasion (P <
0.05) for both UET-13TR-EWS/FLII (Fig. 8B) and UET-
I3TR-EWS/ERG (Fig. 8C) cells. The results indicated that
EWS/ETS expression can induce Matrigel invasion properties
in human MPCs.

DISCUSSION

In the present study, using UET-13 cells as a model of
human MPCs, we demonstrated that ectopic expression of
EWS/ETS promoted the acquisition of an EFT-like pheno-
type, including cellular morphology, immunophenotype, and
gene expression profile, Moreover, EWS/ETS expression en-
hances the ability of UET-13 cells to invade Matrigel. This
assay is thought to mimic the early steps of tumor invasion in
vivo (34), and the ability to penetrate the Matrigel has been
positively correlated with invasion potential in several studies.
Therefore, we concluded that EWS/ETS expression could me-
diate a part of the feature of tumor transformation in human
MPCs. Thus, our culture system would provide a good model
for testing the effects of EWS/ETS in human MPCs.

Several lines of evidence have indicated the transforming
ability of EWS/FLI1, whereas that of EWS/ERG is not yet to
be clarified. Therefore, it is noteworthy that our data demon-
strated that EWS/ERG could promote an EFT-like phenotype
in UET-13 cells similarly to EWS/FLIL. Thus, EWS/ERG also
has the ability to induce an EFT-like phenotype in the human
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FIG. 8. Effects of EWS/ETS expression on the Matngel invasion
ability of UET-13 cells. UET-13TR (A), UET-13TR-EWS/FLII (B),
and UET-13TR-EWS/ERG (C) cells were cultured in the absence or
presence of tetracycline (Tet) for 72 h and then plated (2.5 % 10%) on
Matrigel-coated or uncoated fiiter inserts. After 20 h of culture, in-
vading cells were stained with hematoxylin-eosin and counted in five
fields per membrane as described in Materials and Methods. », P <
0.05.

system. The major steps in the development of EFT should be
commonly regulated by distinct chimeric EWS/ETS proteins.
Indeed, several genes are common transcriptional targets of
different chimeric EWS/ETS proteins in the murine system
(11, 24, 35). Our data also showed that the 642 probes are
coregulated in both EWS/FLII-expressing cells and EWS/
ERG-expressing cells. Further comparative studies of both the
EWS/FLI1- and the EWS/ERG-mediated onset of EFT could
allow us to understand the common functions of EWS/FLII
and EWS/ERG in EFT. In addition, our systems are also
useful for precisely distinguishing between the functions of
these chimeric molecules in the development of EFT.

As mentioned above, the immunophenotypic analysis also
revealed that the expression profiles of surface antigens in
UET-13 cells were changed in favor of EFT cells in the pres-
ence of EWS/ETS (Fig. 4). Notably, the expression of CD54
(intercellular cell adhesion molecule-1 [ICAM1]), CD117
{c-kit), and CD271 (low-affinity nerve growth factor receptor
[LNGFR]) increased in EWS/ETS-expressing UET-13 cells.
These markers are positive in EFT cell lines (17, 28, 33), and
in addition, CD117 is detected in about 40% of patient samples
(17) and is negative in human primary MPCs (4, 43). Thus, it
is reasonable to consider that a phenotypic marker of EFT was
induced in UET-13 cells by EWS/ETS expression. On the
other hand, CD54 and CD271 are positive in human primary
MPCs (8, 25, 42), whereas these markers are negative in
UET-13 cells. However, a previous report showed the disap-
pearance of some positive markers, including CD271, from
primary human MPCs during the process of ex vivo expansion
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(25), and it has been speculated that the expression of these
molecules in MPCs is induced in vivo via interaction with the
bone marrow microenvironment and that the necessary stimuli
arc absent from ex vivo culture conditions. Therefore, the
immunophenotype of UET-13 cells rather might be related to
that of ex vivo-expanded primary human MPCs. In addition, it
may be possible that EWS/ETS expression led to the reexpres-
sion of these disappeared markers in UET-13 cells without the
necessary stimuli. In this case, the maintenance of CD271
expression outside of the bone marrow microenvironment
might be a characteristic of EFT. Thus, our results proved that
both EWS/FLI1 and EWS/ERG can be major causes of the
expression of these markers and that human MPCs that pre-
cisely recapitulate the expression are strong candidates for the
cell origins of EFT cells. The findings also imply that these
antigens are suitable targets for diagnostic tools and new ther-
apeutic agents. In fact, imatinib mesylate, which demonstrates
anticancer activity against malignant cells expressing BCR-
ABL as well as CD117 and platelet-derived growth factor re-
ceptor, inhibits proliferation and increases sensitivity 1o vin-
cristine and doxorubicin in EFT cells (17).

Notably, our results also indicate that UET-13 cells, which
have the MPC phenotype, possess the potential to acquire an
EFT-like phenotype upon the expression of EWS/ETS. Unlike
what is seen for human primary fibroblasts (31), ectopic EWS/
ETS expression induces an EFT-like morphological change in
human MPCs, suggesting that the cell type affects susceptibility
to the events following EWS/ETS expression. In murine MPCs,
retrovirally transduced EWS/FLI1 has been reported to induce
the expression of CD29, a most useful marker for EFT, though
the results are controversial (6, 45). However, our direct evi-
dence obtained with UET-13 cells clearly demonstrated that
CD99 expression is induced by EWS/ETS proteins in human
MPCs. Moreover, we showed that the expression of CD99
might correlate with EWS/ETS-mediated morphological
change, whereas the functional role of CD99 and the correla-
tion between CD99 expression status and EWS/ETS-mediated
morphological change in the development of EFT remain un-
clarified.

Consistent with the morphological and immunophenotypic
changes, the expression pattern of a set of genes in EWS/ETS-
expressing UET-13 cells shifted to that in EFT cells (Fig. 7C).
Although EWS/ETS expression enhanced the ability of
UET-13 cells to invade Matrigel, it did not promote migratory
ability and surface-independent growth, as assessed by migra-
tion assay and soft agar colony formation assay (data not
shown). We also failed 1o develop EFT-like tumors by injecting
EWS/ETS-inducing UET-13 cells into irradiated nude mice
treated with tetracycline (data not shown). These results imply
that EWS/ETS expression is not sufficient to induce the full
transformation in UET-13 cells, and other genetic abnormal-
ities not regulated by EWS/ETS could still be required for the
full transformation of human MPCs into EFT cells. An iden-
tification of these genes will greatly improve our understanding
of the additional genetic lesions that occur after EWS/ETS
expression. The genes expressed in EFT cell lines but not in
EWS/ETS-expressing UET-13 cells would be candidates for
such genes.

In summary, we reported the development of an inducible
EWS/ETS expression system in UET-13 cells as a model for
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the development of EFT in MPCs. In our system, the chimeric
genes alone are sufficient to confer EFT-like phenotypes, EFT-
specific gene expression pattern, and partial but not full fea-
tures of malignant transformation. Further analysis using our
system should clucidate the pathogenic mechamsm by which
EFTs develop from MPCs, especially the initiating events me-
diated by EWS/ETS expression. Our system should also aid in
the identification of novel targets of the EWS/ETS-mediated
pathway as potential anticancer targets,
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FEIHIEG ¢ T b MU AR (MY O 4 L - A
B 6w, genomic DNA profile T i, 3p-,
dp-, 1lq-, lg+, 2p+, 12q+, 17q+7% £ D% MWD R
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1 International Neuroblastoma Pathology Classification (INPC)

I | Favorable histology (FH) Unfavarable histology (17H)
2T | Ganglioneuroma [
Maturing
Mature
Ganglioneuroblastoma, intermixed
Ganglioneuroblastoma, nodular Ganglioneurcblastoma. nodular
Favorable subset [ Unfavorable subset
| Neuroblastoma, undifferentiated
L any MKI1 B |
158 Neuroblastoma, poorly diff Neuroblastoma, poorly diff.
low/intermediate MKI high MK1
Neurpblastoma, differentiating Neuroblastoma, differentiating
low/intermediate MKI high MKI
15~54& Neuroblastoma, poorly diff.
any MKI
Neuroblastoma, differentiating Neuroblastoma. differentiating
. low MKI1 o i_p!ormedinrex’high MKI
5L L Neuroblastoma, poorly diff./differentiating
any MKI
trk AL/ 23 (log) O poorly diff. NBL
QO (differentiating NBL
|
1
|
|
i
|
|
|
|
B0 100

BWEFEM (R)

E1 TrkA S5 &8MRE (poorly diff. NBL, differentiating NBL) 182 AR#ATIZ, TrkA 2" RBETS - T L HE PN
ICiERETHS, 180 AN B3 & TrkA WIS 2 L 4L L % differentiating NBLOREZ RT3,
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E2 unfavorable histology (UH) BEMYCN S 2@25 AN
ROMKYMA) neuroblastoma, poorly diff subtype, high MKI @
WTHS.

WETRTHEDNA IE—SoRENED S hknl
BALH DY BT, MYCNIERMEMEEc & v Tun-
balanced 11g LOH (unb 11gLOH) & X OF 1p36LOH
HNZ L PEBAREATTH S 2 8GN,
unb 11qLOH %74 Bl <12, KOS MAEO B i
HHLIEAR T0% DREFITHEE NS Lv ) BELH
%% unb 11qLOH # 4% ¢ Wi i3 UH #f MYCN 9k
IR O 40% BIEICTEY, otk an+4E
YR F AT ERARE L Ty,

3. Ganglioneuroblastoma, nodular subtype (GNBn)

GNBn 8% D 7 0 — > 5 W 3 1 5 composite
tumor T, R M IC 8§ K & o il % £ 5 NBL
(stroma—poor tumor) D #fiii%!, B & OGNB. in-
termixed subtype & 4 \» i3 ganglioneuroma (stroma-
rich/stroma-dominant tumor) @ IZ§E & & 41 5,
GNBn ¢)rf10) NBL @47 % it & NBL & [z, =i,
gr{l » BCIAEE, MKI (mitosis karvorrhexis index) %
i LTaEdaZ bickh, GNBn iz FHREFZ
favorable subset & Ff# 4 E 4 unfavorable subset iZ
it e#d™, favorable subset @) stroma-poor tumor
& stroma-rich/stroma-dominant tumor & 3, &R
ffiRRi 2000, ELLLERIGOSL - Bk
LTWw{FH#LRLEPEARELZ LD, —7A,
unfavorable subset @ GNBniZ & Vs T i, stroma-
rich/stroma-dominant tumor (& FH # £ &8 @ non-
aggressive clone T ® 4 4%, stroma-poor tumor (i
UH ##, aggressive cloneTdh 4, FEHICE TS
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stroma-rich/stroma-dominant tumor £ stroma-poor
tumor @ i & 2§ & k4 T, stroma-rich/stroma

dominant tumor ZHE L A L& G 5 AICIE, 4K
DI TN 7=k d, IEREAHMEYN T
B0 st (MYCN R4 &) pHETE 4w
ZEHH A, BlA T stage 4T, BRROTVIERE
Tl EREIC & 5 RS ganglioneuroma D § % 1 34
icid, GNBn#éSbiLd 0T, EEM (L ) o
HErrBE s 2 5

h. W K &

FLEN IR T 2 MRS ) 7o 2 O 2 & # D iR
W E S hTw 5 EWHENA, WIManNE %2
7 F4 FH#ic>wT, BED P Ey 7 22 hulic i
#H 5, /EOEMETIE, metanephric stromal
tumor, metanephric adenofibroma, anaplastic
sarcoma of the kidney % & @ ¥ 7= & O M5
grxh, B SFAME LTRSS Ewing M7 7
) — MM R A A Ic L R ET s L R ET
BRI L DHAMIC 2> T2 TWLE,

1. WMl nephroblastoma (Wilms tumor)

EFIE (Wilms MBS £, G V2 10 o0 B LR 2 B 1L
MR T RENZ RS TH 5, FLUR
o0 RS T L IR S IR O, BetEl T o RRE M
(2, LEEMHC 1000140 & HER 2 hu 5. ElERFERYIC,
BRI L AL T B, R
R4y, BEER D2 WS TREL TH 5, B
WA, Rk oS Bl R BRI 2
BETRT, M -HAETZo-FrORBT IHE
AT 2filaT, FEAESZLRETHRICHMT S,
ERESTIE, oty MROMECH4 OREC oL
LIS D, BrcRT RSP E R T AL
Bbvaohz, MERSE, REFMRoRy, B
RO A5 % s, W, BifkEBaohsC
EbdhL, ZHSDIMTETHED SN EE (i
phasic) A4 LAY TH 555, 2MB O T D 5 K
% biphasic & % V213 | fi 5 9 & 4 & 1 5 monophasic
O L & A,

7 A A TIENWTS (National Wilms Tumor Study
Group) % i iC G5 & H (MEIXCOG:
Children’s Oncology Group), REIFH#EL 2 0@l
AT 7u ba— 2B RBBL TES. W
o) & £ 7 # favorable histology (FH) & unfavorable
histology (UH) (focal % 7= i diffuse anaplasia £



LA TR ¢
B3 anaplasia & 5 Wilms M  anaplasia T2, $MEO# T
BEdHaLNG.

X s

RS ) b o3 L R A 8 %2 IE L T 2 7-, anaplasia i,
ERL (HoEd o Mlfiao 350 1) & Sl
Haigic k-t i oh s (E3), %4, focal
anaplasia & anaplasia 2SSEBEIRY I 10% LU T &%
L T, BEE T, anaplasia % a5 7§l 25,
FiH & oA T, WEHICRRL, », ana
plasia WA WLEETE L WEOEHES Ju=F -0
BAtwz b LEEINTYVS, focal anaplasia LA
I2 diffuse anaplasia T# %, anaplasia % # 7 % Hiflfi1,
{LeEids it s S TE D, FFicdiffuse anaplasia
DfE, BOTERFREFELS. —H, 3—pv A
T, SIOP (International Society of Paediatric On-
cology) I & O iEHEEEMSMRE E N TE R, SIOPIE,
Bz (b2 T TH oW T 2 EME 2 REL T
Bh, Mo L ks REL T
29 FIZSIOP OMEF 208 TR, (LEmtEic &
n RSB AISE 2B IcE b vwo T A&,
low risk tumours & 34124, ik, #EIFMAA T
(L2t c B2 VD 278, (LRt 0 TR C
THFEEMRARE o D A e By O 12, WaREER MRS S 5
EEZ 54, high risk tumours £ &5, 7=, dif-
fuse anaplasia ZfE 5 FEM 4, high risk tumours & 3
T3,

NWTS & SIOP @iz, ZiZEROE#@TH 2
A, NWTS s, WEFE BRI LD G
BERETEAM LML, —F, SIOPDOEE, 1k
FHGEIC L 2 RO o B o UiR T iEROE L
PUBRVER L2 FOREMNET NS, BHE
DGR 7V — 7 TH 5 JWITS (Japan Wilms

EH4 HANEERE EWTERS, WHERSINEL TV,

Tumor Study Group) Tix, NWTS R, R#ic®
Wra7ota—n2RALTWwEY, BRIZk-T
i%, SIOP[FIf, (LFMiEsIcEilL Tws, BE
T, /I VR RS R 5 AU 55 — A0 VA PR B S 1
B3 aBERARE N Tolss, 200842 Hio/h R
HHBTERALSEROF AT F 7 A HRE f,
05 4 > S R AR 4 0 G HE (2/3 B B % 5 ) B AT
BAr) i kWi pBEsRE ALY,

2. BRI nephrogenic rest, B3FMEAE neph-

roblastomatosis

EFEHMREIE, BRRMoSSHR B NR
Fioh, WHFHOREMEEMESN TS, BHF
MRAE I3, SRR RE, L30T EAEICHE
ETHWETHS, BHHAREIL, ToRERAC
X b 5574 i W # H#8l R intralobar nephrogenic rest
(ILNR), 34 3€; ¥ 1 % 8t 7% perilobar nephrogenic
rest (PLNR) ic/r#i2 412, S HERIR I H S E
HFOBHRBECLAGNS LEH, FHTIRILNR %
( PLNRUEWTH 5. EHFMAMBRRAED 2 HIC3IE
RIS 0 MRS ) S O FEAEM MRS T 5 2,

ILNR i, WHOEA, TobbBEMEOHGEL >
nEH) BT R ED M S N 2 FEOHE, FicH
RIS 5, MR AE T, BB,
Mgk, RSP MYORMETRET S, Bl
(REREPREMT) LEHHSRROR THADEL
DEHNICHFETDHI NS (B4), —H, PLNRIiZ
WEDIREICHFET 2. LR RN CEH IR
B, EERAEARDZEHNE, EEEERNETRIZ AR
I H S 1238 T ¥ 2 hyperplastic rest 206, BT
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