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

Miho Maeda, mp,”* Akic Tsuda, mp,’ Shingo Yamanishi, mp," Yoko Uchikeba, mb,
Yoshitaka Fukunaga, mp," Hajime Okita, mp,? and Jun-ichi Hata, mo®

A 6-year-old female was admitted with abdominal pain and a
mass in the right abdomen. Her lactose dehydrogenase level was
1,200 HJ/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 turnor; EWS-FLI-T; immunohistochemistry; kidney

(CD99} positive tumor cells, and EWS-FLI-1 fusion transcript, Ewing
sarcoma/primitive neurceciodermal 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

@ 2006 Wiley-Liss, Inc.

INTRODUCTION

Ewing sarcoma/primitive neurcectodermal 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 micros-
copy, immunochistochemistry, electron microscopy, chromo-
somal analyses, 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 afier diagnosis.

CASE

A 6-year-old female was admitted to our hospital with
abdominal pain and an abdominal mass. On physical
examination, a large and firm mass was evident in the right
abdomen. Laboratory evaluation showed a lactate dehydro-
genase level of 1,200 IU/L (normal 218—-411 IU/L), a neuron
specific enolase level of 120 ng/mi (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 metas-
tasis. 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

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

with massive necrosis, but no rosette formations. Periodic
acid-Schiff (PAS) staining revealed diastase sensitive
material in the tumor cell cytoplasm. Immunchistochemistry
revealed that tumor cells were strongly positive for MIC-2
(CD99) as well as vimentin. The tumor cells were negative
for chromogranin A, neurefilament, 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 by molecular
biclogy (Fig. 2). A single 330 base pair cDNA product was
detected by ethidivm 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 chromoso-
mal 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 gmfm2 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
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Fig. 1.
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Ultrastructural findings in the tumor cells. A: Tumor cells are oval and smail (about 8— 0 pm in a diameter). Nuclear-cytoplasim ratie

is high. Mucleus has a few heterochromatin. Aggregated glycogen granules (gly) are observed in the cytoplasm. Ly, fymphocytes; N, nuclei.
B: Neurosecretory granules (asterisks), microtubules (arrows), and desmosome-like structures (arrowheads) are observed in the tumor cells under

higher magnification.

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 fromdiagnosis
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

=174 pesitive  patient  positve  negalive negative
conirot contiol  conkrol  contro!
{EwW2}

w~b ATl

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

Pediarr Bivod Cancer DOI 10.1002/pbe

cases have been reported. Recently, Parham et al. [12] from
National Wilms Tumor Study Group Pathology Center
reported that 79 of 146 cases of primary malignant neuro-
epithelial tumors of the kidney in adults and children were
considered to be ES/PNET. Follow-up information, however,
was only provided for 14 of 146 cases, and il isunclear 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 fea-
tures, treatments, and outcomes of those cases are summar-
ized in Table 1.

Several approaches can be used lo arrive at a diagnosis of
ES/PNET. The first approach is light microscopic examina-
tion of tumor tissue inclading immunohistochemistry. These
tumors consist of primitive-appearing round cells with high
nucleus to cytoplasmic ratios. The immunohistochemical
features of ES/PNET are positive for CD99 (MIC2); how-
ever, expression of CD99 is by no means specific for ES/
PNET ameng 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, neurcblastoma and rhabdomyosarcoma. The second
approach is electron microscopic examination of twmor
tissue. Electron microscopic features include a specific high
nuclear-cytoplasm ratio and aggrepated glycogen granules in
the cytoplasm. Neural differentiation appears on some cells
with polar processes, which may contain microtubules or
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neurosecretory glands [15]. The third approach is chromo-
somal translocation, such as t{11;22) (q24:ql2) which is
positive in 88-95% 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 tran-
scripts, 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 progrosis of ES/PNET
of the kidney appears worse [1,18]. In pediatric cases
(Table 1), 5 of 8 patients were alive when the cases were
reporied; however, | 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). Yimenez et al. [8] described that 3 of 11 patients
were alive for 4-64 months, and 5 patients had local
recurrence or dislance 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
patienls have been treated with myeloablative chemora-
diotherapy followed by autologous bone marrow rescue. In
spite of a lack of radiation therapy and our not using
ifosphamide and etoposide for chemotherapy, our patient has
survived for a relatively long peried with no recurrence.
Possible reasons for this good outcome might include the
pathologic features of the tumor. the well-encapsulated
nature of the tumor with no involvement beyond the capsule
and the accurate diagnosis followed by prompt treatment
with chemotherapy. Several approaches including cytogene-
tical methods are important for early, accurate diagnosis of

ES/PNET.
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Association of | 1 q Loss, Trisomy 12, and Possible 16q
Loss with Loss of Imprinting of Insulin-Like Growth
Factor-ll in Wilms Tumor

Nzoki Watanabe,'? Hisaya Nakadate,® Masayuki Haruta,' Waka Sugawara,' Fumiaki Sasaki,’
Yukiko Tsunematsu,’ Atsushi Kikuta,” Masahiro Fukuzawa,’ Hajime Okita,’ Jun-ichi Hata,?
Hidenobu Soejima,” and Yasuhilko Kaneko"**

'Research Institute for Clinical Oncology; Saitama Cancer Center, Ina, Saitama, fapan
2Department of Pediatrics, Juntendo University Nerima Hospital, Tokye, Japan
3|2panWilmsTumer Study Group, Tokya Japan

*Department of Biomolecular Sciences, Saga University, Saga, Japan

We evaluated the WT! and IGF2 status and performed chromosome andfor comparative genomic hybridization analysis in 43
tumor samples from patients with Wilms tumor. On this basis, we classified them into 4 groups: WT{ abnormality, loss of
heterczygasity {(LOH) of IGFZ, loss of imprinting {LOI} of IGF2, and retention of imprinting (ROI) of IGF2, which were seen in
12%, 30%, 16%, and 42% of the tumors, respectively. Patients in the LOi group were older than those in other groups (P <
0.01), and tumors in the WT T group had fewer cytogenetic changes than did those in the other groups (P < 0.01). It was found
that }{g— and +12 were more frequent in the LOI group than in the WTI++LOM4-ROI group (P < 001 and P < 0.01). There
was no difference in the incidence of 16q— between the LO! group and the other groups; however, when we excluded
16 tumors with LOH on | Ipl5, 169— tended 1o be more frequent in the LOI group than in the WTT4-RO1 group (P = 0.06).
The association of { [q— or +12 with LO! of IGF2 found in the present study suggests that many tumoers with no WTT abnor-
malities need overexpression of /IGF2 together with biallelic inactivation of the tumorsuppressor gene on | iq and/or over-
expression of growth-promoting genes on chromosome | 2. The [ iq gene may code for one of the proteins that constitute a
CTCF insulator complex, and its mutation, deletion, or haploinsufficiency may cause insulator abnormalities that might Jead to

LOI of IGF2.  © 2006 Wiley-Liss, inc.

INTRODUCTION

Wilms tumor is the most common kidney tumor
in childhood. A tumor-suppressor gene, WT/, was
isolated in the 11pl3 chromosomal region, but
deletion or mutation has been found in only 15%—
20% of Wilms tumors (Huff, 1998; Nakadate et al.,
2001). Loss of imprinting (LOI} of insulin-like
growth factor-II (/GFZ), a paternally expressed
gene at 11pl5.5, has been reported to occur in
40%-70% of wmors (Ogawa et al,, 1993; Rainier
et al., 1993), and it was associated with a pathologi-
cal subtype that occurs in a later stage of renal
development (Ravenel et al., 2001). Several studies
found the type of loss of hererozygosity (LOH) on
11p that is always caused by loss of the maternal
chromosome in 30%-40% of tumors investigated
(Schroeder et al., 1987; Grundy et al., 1994; Naka-
date et al.,, 2001)., LOI or LOH of /GF2Z may cause
overexpression of a gene that gives tumor cells a
growth advantage or modifies their differentiation
stage (Sakarani et al., 2005}, and /GFZ is the pri-
mary candidate for being the W72 gene. Cytoge-
netic, comparative genomic hybridization (CGH),

© 2006 Wiley-Liss, Inc.

and LOH analyses of Wilms tumors showed gain
or loss of specific chromosomes or chromosomal
regions, indicating that W7 /-wild-type tumors had
more genomic alterations than WZ7-mutant-type
tumors {Nakadate et 2l,, 1999; Hing et al, 2001;
Ruteshouser et al., 2005). Furthermore, association
of the long arm loss of chromosome 16 (16q—) with
LOI of /GF2 in Wilms tumor was recently reported
(Mummert et al., 2005). However, 16g— was found
in only a small portion of the tumors with LOI
investigated, and no other cytogenetic abnormal-
ities are known to be assoctated with LOI in the
tumors. These studies indicate that Wilms tumor is
a penerically heterogencous disease, and further
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studies are needed to clarify the genetic/epigenetic
and cytogenetic background of the tumor.

We evaluated the WT7 and /GFZ status and per-
formed chromosome andfor CGH analysis of 43
Wilms curnors, on the basis of which we classified
them into 4 genetic/epigenetic groups: W17 abnor-
mality, LOH of IGF2, LOI of /GF2, and retention of
imprinting (ROY) of /GF2. We analyzed the relation-
ship between cytogenetic and genetic/epigenetic
changes and found an association of L.OI of IGFZ
with 11q— and -+12 and possibly also with 16q—.

MATERIALS AND METHODS

Patient Samples

Tumor samples were available from 68 Japanese
infants or children ranging in age from 2 months to
8 years who underwent surgery or biopsy between
August 1984 and February 2003. These samples
were selected on the basis of tissue availability and
were not gathered consecutively. Of the 68 pa-
tients, 21 were registered in the Japan Wilms Ta-
mor Group Study (JWITS). Samples of normal tis-
sue were obtained from either the peripheral blood
or normal renal tissue adjacent to the tumor from
the same patients. Informed consent was obtained
from the parents, and the study design was ap-
proved by the ethics committee of Saitama Cancer
Center. The tumors were staged according to the
National Wilms' Tumor Swudy group (NWTS)
staging system, and most patients were treated
according to NWTS protocols (d’Angilo et al,
1989). None of the 68 patients had a family history
of Wilms tumor. One patient (275) had Drash syn-
drome, and another patient (953) had bilateral
tumors; the remaining patients had sporadic and
unilateral tumors (Table 1),

Histological Examination

In all tumors, the diagnosis of Wilms tumor was
made with routine hematoxylin- and eosin-stained
pathology slides by local pathologists from each
mserrution according to the classification proposed
by the Japanese Pathological Society and/or the
NWTS pathology panel (Beckwith et al, 1978
Japanese Pathological Society, 1988). Twenty-one
cases that were registered at the JWITS were also
reviewed by the pathology panel.

Cytogenetic, Fluorescence In Situ Hybridization,
and CGH Studies

Chromesomes from tumor cells were studied by
methods reported previously (Nakadate et al,
1999), and karyotypes were described according to

the International System of Human Cytogenetic
Nomenclature (ISCN, 1995). Fluorescence in situ
hybridization (FISH) using Vysis probes [CEP 3
{chromosome 3 centromere), CEP 12 (chromosome
12 centromere), CBFB (16q22), and MLL (11q23),
Downers Grove, IL) were carried out as described
previously (Watanabe et al, 2002). CEP 12 was
used to detect trisomy 12 and CEP 3 was used as a
control because chromosome and CGH analyses
detected 2 copies of chromoesome 3 in almost all
Wilms tumors, and the CBFB and MLL probes
were used to detect 16q— and 11g—, respectively.
Karyotypes of 11 of the 43 tumors described in
Table 1 were reported previously (Nakadate et al,,
1999).

CGH analysis was performed as described previ-
ously (Kumon et al., 2000). A chromosomal region
was considered overrepresented or underrepresented
if the average ratio profile was above 1.25 or below
0.75, respectively.

Analyses of WTI| Abnormalities and Allelic Loss
onilpandlilq

DNA preparation and digestion and Southern
blot analysis using a W77 ¢cDNA probe (WT33;
Call et al.,, 1990), PCR-single-strand conformation
polymorphism (SSCP) and subsequent direct-
sequencing analysis, and allelic loss analysis on 11p
and 11q were performed as described previously
(Nakadate et al., 2001). Whether there was allelic
loss on 11p and 11q was determined by PCR using
microsatellite markers of D118922, TH, [GFZ,
D115932, PAXe, DI115903, D1154100, NCAM,
D1181885, D11529, and D1181364 and using the
restriction fragment length polymorphism (RFLP)
sites of WTJ (Tadokero et zl.,, 1993). The primer
sequences used for PCR were obtained from the
Genome Database (hup:/fwww.gdb.org). The re-
sults of the allelic loss analysis on 11p and 11q for
21 of the 43 rumors described in Tables 1 and 2
were reported previously (Nakadate et al., 2001),

The resules of the study of promoter hyperme-
thylatien of WI7 were reported previously (Satoh
et al,, 2003).

Analysis of IGF2 Allelic Expression and Loss
The Apal/Avell polymorphism site in exon 9

* was used to evaluate allelic expression of JGFZ.

PCR with genomic DNA from normal tissue
and identification of heterozygous specimens after
Avgll and Hinfl digestion were performed as
described previously (Watanabe et al., 2002). RT-
PCR products from the tumor RNA also were

Genes, Chromesomes & Cancer DOT 10.1002/gcc
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596 WATANABE ET Al.

TABLE 2. Allelic Status of | |p and | |q and IGF2 Imprinting Status in WT/, LOH of JGF2, and LOI of IGF2 Wilms Tumor Groups

pls pl3 pll q2i-22 11423 I lg-detected
WT by CGH/

S922 IGF2 IGF2-LOI THO! $932 PAX6 WTI S$03 S$4100 NCAM SIB55 S29 $/364 abnormality®  cytogenetics
Tumors with WTI abnormalities and LOH, LOW, or ROl of IGF2 {n = 5
&

275 — @ — L] @ — — — o — O — Murtation Mot detected
inexon 8
832 — — — & e @ e _ O 0 —  — O Mutation Not detected
in exon 2
949  —~ — — e — — © e @ — — — @ Promoter Not detected
methylation
M8 — O ] O o o @ — — O C © Mutation Not detected
in exon 7
237 O 0O g O O — A - 0] @] — — O Homozygous Notdetected
deletion
Tumors with LOH of IGF and no WT/ abnormalities (n = 13)
325 @ — — — - — o o) — O O None Not detected
528 — ® — @ @ @ - _— @ — @ — @ None Mot detected
575 2 o — @ ® - o — 0 O — — (0O None Not detected
871 ® — @ — @ __ _ —_ 0 O O O Nore Not detected
918 e —_ — — 0 o e) — — O O O INone Not detected
1075 — — 2 @ - 0o o O o) O — O None Not detected
1390 — — — ® 2 0O e} '®) O — — None Not detected
1570 — @ —_— — @ e - — — @ ® @ — None Not detected
1638 — — — @ - = —_ - — — O O — None Not detected
752 @ — — @ ® — @ o — — — O O None Not detected
2488 ® — — e e e _ O — C O O None Not detected
Miz4 — @ -— — & @ @& e e) o) O O — None Not detected
M204 — — - — & @ e _ — @ — — O MNone Not detected
Tumors with LO! of IGF2 and no WT! abnormalities (5 == 7
548 — 0O B O O — O e O — — O O  None Not detected
1206 — O B O O O 0o O o — — ® @ None Detected
1207 — O ] O — — — 0 — —_ —  — @  None Detected
1435 ~ O B — — (9] [o T O O — O O None Not detected
1535 O O B O — - 0O - — @ @ @ __—  None Detected
M269 O O 8 O Q O O QO (@] — — @] O None Not detected
M2 O @ — z QO — 0 O - @ - @ @ @ None Detected

*Demils of WT1 abnormality are described in the text.

Loss of heterozygosity; O Retention of heterozygosity; — Mot informative; B Loss of JGF2 imprinting: 0 Retention of JGF2 imprinting; A Homozy-
gous WT/ deletion.

digested with Avall and Hinfl, and allelic expres-
sion of JGF2 was determined.

Statistical Analysis

The significance of differences in various clinical
and cytogenetic aspects of the disease among the 4
genetic/epigeneric groups of tumors was deter-
mined by the chi-square or Fisher’s exact tests.
Differences in the mean age of the patients and in
the average number of chromosome changes
between any 2 of the 4 groups were examined with
Welch'’s 7 test,

RESULTS

AllelicLosson llpand iiq

Allelic loss on 11p and 1lq was analyzed in
Wilms tumor samples from 68 patients. Informa-

Genes, Chromosomes & Cancer DO 10.1002/gec

tive 11p15 loci were found in normal tissue from
64 of the patients; the 11p15 loci in the tissue from
the other 4 patients were uninformative. Of the 64
informative tumors, 16 showed LOH. Of the 48
tumors without LOH, 27 were informative for the
ApalfAvall polymorphism site of the /GF2 gene.
Thus, 43 tumor samples were the subject of the
present study.

Three tumors (949, 528, and 1570) showed LOH
for the entire chromosome 11; 1 tumor (M204)
showed LOH on 11p15-11g23, retaining hetero-
zygosity in the more distal 11q locus; 3 tumors
{575, 918, and 1075) showed LOH limited to the
11p15 region; and 9 (275, 832, 325, 871, 1390, 1658,
1752, 2488, and M134) showed LOH limited to
the 11p15-11p13 region (Table 2). Of the 27 tu-
mors without LOH on 11p15, 1 (M289) showed

— 129 —



ASSOCIATION OF liq~, +12, AND POSSIR £ l6g- WITH LOE OF IGF2 IN WILMS TUMOR

LOH limited to 11p13-11pil, and 4 (C1206,
C1207, C1535, and M291} showed LOH on I1g
(Table 2).

WTI Abnormalities

Of the 9 tumors with LOH limited to the
11p15-11pl3 region, Z showed a WI7 mutation;
one {275) had a missense muration in exon 8 (G to
A conversion in nucleotide 1064; Haber et al,
1991), and the other (832) had a nonsense mutation
(C to T conversion in nucleotide 350) in exon 2
{Tabie 2). Another tumor (C949) was found to have
WT7 promoter methylation, which was examined
in 21 of the 43 tumors, of which only 1 showed the
methylation (Satoh et al., 2003). This tumor had a
ring chromosome containing chromosomes 1 and
11. Because the incidence of promoter methylation
was quite low, and no other tumors showed a ring
chromosome containing chromosome 11 and LOH
for the entire chromosome 11, the other 22 tumors
whose W17 promoter methylation status was not
examined were assumed to be unmethylated.

Of 27 tumors without LOH on 11pl15, 1 (MZ89)
with LOH limited to the 11p13-11pll region had
a missense mutation in exon 7 (G to T conversion
in nucleotide 895), and another (CZ375) with
retention of heterozygosity (ROH) for the entire
chromosome 11 had homozygous deletion of the
6.6-kb fragment of WTZ, detected by Southern
blotting with a WT'7 cDNA probe and EcoRI diges-
tion (Call et al., 1990; Table 2).

LOI of IGF2

Of the 27 tumors with ROH in 11p15 and the in-
formative Apal/Avall polymorphism site of JGFZ, 7
showed LOI of /GFZ (Tables I and 2, Fig. 1). Of
the 20 ROI tumors, 2 (MZ289 and C2375) showed
WT7 abnormalities as described before,

Four Groups of Tumors Classified by
WTI and IGF2 Status

We classified 43 Wilms tumors into 4 groups on
the basis of major genetic abnormalities: WT7 ab-
normality, LOH of /GF2, LOI of /GFZ, and tumors
without WT'7 or /GFZ abnormalities. Three tumors
with 2 WT7 abnormality and LOH on 11p15-11p13
were included in the W77 group because WI7
abnormalities are believed to have a stronger
impact on tumorigenicity than LOH of IGFZ.
Thus, of the 43 tumors, 5 were classified into the
WT1I group, 13 into the LOH group, 7 into the LOI
group, and 18 into the ROI group (Table 1).

CGH patterns and/or karyotypes were available
for all 43 tumors {(Table 1). Four tumors (528, 1206,
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Figure |. Electrophoretic patterns of products of genomic DNA
PCR or reverse-transcription PCR after Avall and Hinfl digestion, Nor-
mal tissue from samples 548, 1535, 2385, M269, and M233 was
observed to have heterozygous IGFZ alleles, and normat tissue from
sample 2052 was observed to have homozygous JGF2 alleles, in upper
lanes; foss of imprinting was found in twmor tissue from samples 548,
{535, and M269 and retention of imprinting in tumor tissue from sam-
ples 2385 and M233, in lower lanes [NC, negative conwrol (H;O); M,
size marker],

1435, and 1570) with a hyperdiploid karyotype
(>50 chromosomes) and trisomy 12 with or without
other changes were also studied by FISH using the
CEP 3, CEP 12, and CBFB probes. Ali 4 tumors
were shown to have trisomy 12, and 1 was shown
to have 16gq—. One tumor (1206) was shown to
have 11qg— using FISH with the #LL probe.

Clinical Characteristics of Patients
in Each Tumor Group

The mean age of the patients was higher in
the LOI group than in the W17 (P = 0.03), the
LOH (£ = 0.01), the ROI (& <« 0.01), or the
WTI + LOH + ROI (£ < 0.01} groups (Table 3).
There were no differences in stage distribution
among the 4 groups. The tumoss of 42 patients
were classified as having a favorable histology, and
the tumor of 1 patient (1390) was classified as hav-
ing unfavorable histology (the diffuse anaplasia
type). Of the 43 patients, 41 were alive with no evi-
dence of disease at the last follow-up (November
30, 2004). Two patients had died: the patient who
had the diffuse anaplasia—type tumor died of rhe
disease, and the patient in the WI7 group who had
Dirash syndrome (275) died of renal failure.

Association of Chromosome Abnormalities with
1GF? and WTI Status

Ten chromosome/CGH abnormalities were seen
in 4 or more tumors (Table 3). Loss limited to 11q
was more frequent in the LOI group than in the
WT1 (P = 0.08), the LOH (P < 0.01), the ROI
(P < 0.01), or the WI7 + LOH + ROI (P < 0.01)

Genes, Chromosomes & Cancer DO1 10.1002/gee
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TABLE 3. Relationship berween Cytogenetic Abnormalities with 4 Wilms Tumor Groups Classified by WT/ or IGF2 Status

Mean age of Mean number

Tumors classified by WT! Number of patientsin  of cytogenetic

and IFG2 status tumors months (range)  changes  --lq -+6 +7/+7q Tp- +8 +10 H1g® +12° +13 Jég-°

A, Tumars with WT/ 5 24.2 (9-64) 0.4 [ 0 1 0 0 o 0 0 0
abnormalities and LOH
or ROI of IGF2

B. Tumors with LOH of IGFZ and 13 28.7 (3-54} 1.5 3 2 i 4 2 0 22 2
no WT I abnormalities

C. Tumors with LOI of IGF2 and 7 57.4 (37-96) 27 2 2 | I 5 | 2
no WT/ abnormalities

D. Tumors with ROI of IGFZ and 18 23.2 (2-63) 1.3 2 4 4 0 6 2 0 4 3 0

no WTI abnormalities

Mean age: C versus A, P = 0.03; C versus B, £ = 0.01; C versus D, P < 0.01; C versus A+B+D, P < 0.01,

Mean number of eytogenetic changes: A versus B, P=0.12; Aversus C, P < 0.01; A versus D, P = 0.13; Aversus B4+-C+D, P < 0.01,

*11g-: C versus A, P = 0.08; C versus B, P < 0.01; Cversus D, £ < 0.01; Cversus A+B+D, P < 0.01; C versus A (2 tumors with ROI+D, P < 0,0).
®.4-12: Cversus A, P = 0.03; C versus B, P = 0.02; C versus D, P = 0.06; C versus A+B+D, P < 0.01; C versus A (2 tumors with RON4-D, P = 0.02,
€16g-: C versus A, P = 0.46; C versus B, P = 0.6; C versus D, P = 0.06; C versus A+B+D, P = 0.12; C versus A (2 tumors with RO[+D, P = 0.06.

groups. When we added 4 tumors with LOH in
the entire chromosome 11 or in the 11p15-11q23
region o the 11g-- category, 11q~ was still more
frequent in the LOI group than in the
WT1+LOH+ROI group {2 = 0.02).

Trisomy 12 was more frequent in the LOI group
than in the WT7 (P = 0.03), LOH (P = 0.02), ROI
(P = 0.06), or LOH-+ROI+WT? (P < 0.01) groups.
Loss of 16q was found only in the LOY or the
LOH group, but there was no significant difference
among the 4 groups, or between the LOI and the
WIT+LOHA+ROT groups (P = 0.12). Mummert
et al. (2005) excluded rumors with LOH on 11pl5
in a correlation analysis of 16g— and LLOI of IGF2
because LOI of the maternal IGF2 allele prior to
its deletion could not be ascertained. When we
excluded 16 tumors with LOH on 11pl5, 16—
tended to be more frequent in the LOI group than
in the WT1 group with the ROI of IGFZ + ROl
group (P = 0.06). No other associations between
chromosome abnormalities with any of the 4
groups were found (Fig. 2).

For the 10 chromosome/CGH abnormalities
observed in 4 or more tumors, the mean number
per tumor was lower in the W77 group {0.4/tumor)
than in the LOH (1.5/ftumor; P = 0.12), LOI (2.7/
tumor; P < 0.01), ROI (1.3/tumor; P = 0.13), or
LOH+LOI+ROL (1.7/ftumor; P < 0.01) groups
{Table 3).

DISCUSSION

Wilms tumor is a heterogeneous disease showing
various genetic/epigenetic abnormalities, including
mutations/deletions of the W77 gene, LOH or
LOI of the /GF2 gene, and CTNNBI mutations fre-
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quently associated with W77 abnormalities (Ogawa
et al,, 1993; Rainier et al., 1993; Koesters et al.,
1999; Mati et al.,, 2000; Ravenel et al.,, 2001). In
addition, we previously reported that hyperdiploid
tumors, usually inchuding trisomy 12, might be a
unique subgroup of tumors with no W77 abnormal-
ities {Nakadate et al,, 1999). Cytogenetic, CGH,
and LOH studies have found recurrent abnormal-
ities, including gains of 1q, 2, 6, 7, 8, 10, 12, 13, and
18 and losses of 1p, 7p, 9q, 11p, 11q, 16q, and 22q
(Nakadate et al.,, 1999; Hing et al, 2001; Rute-
shouser et al., 2005). None of the previous studies
simultaneously examined the status of W77, LOH
or LOI of JGFZ, LOH on 11p and 11q, and all
chromosome/CGH patterns. The present study
showed WT7 abnormalities, LOH of /GF2, LOI of
IGFZ, and ROI of IGFZ in 12%, 30%, 16%, and
42%, respectively, of 43 Wilms tumonrs.

Recently, Mummert et al. (2005) reported that
Wilms tumors with 16q— had expression of CTGF
half that of expression in tumors with normal chro-
mosomes 16 and that LOI of /GF2 was associated
with loss of 16q. The CTCF gene, at 1622, codes
for an insulator protein. According to Mummert
et al. (2005), when less CTCF was available to
bind the differentially methylated region (DMR)
upstream of H79, access of maternal /GFZ to an
enhancer downstream of A/9 might occur. The
present study confirmed that tumors with 16g—
showed either LOI or LOM of /GFZ (Yeh et al,,
2002; Mummert et al., 2005) and provided support
for the association of 16q— with LOI of /GFZ. Fur-
thermore, the present study disclosed that 11g~
and +12 were more frequent in tumors with
LOI than in those with LOH, ROI, or W77
abnormalities.
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17 18 18 20

Figure 2. Summary of chromosome changes in the LOI group detected by CGH, chromosome, FISH,
andfor LOM anafyses. Gains and [osses are shown on the right and left sides, respectively.

Overexpression of /GF2 can be caused by LOI
or by duplication of the paternal chromesome 11
with loss of the maternal chromosome 11 (LOH).
LOI or LOH of /GFZ has been detected in various
embryonal tumors, including Wilms tumor, rhabdo-
myosarcoma, and hepatoblastoma (Ogawa et al,,
1993; Rainier et al,, 1993, 1995; Zhan et al., 1994).
More recently, microdeletion of the maternal H79
DMR was reported in a large family of people with
Beckwith-Wiedemann syndrome (Prawice et al.,
2005). Although L.OI of IGIZ was found in fibro-
blasts from all 4 individuals with the microdele-
tion, 3 with a second genetic lesion (duplication of
the microdeleted maternal /GF2 locus), but not
the one without it, developed Beckwith-Wiede-
mann syndrome and Wilms tumor, These findings
suggest that LOI of IGFZ or duplication of the
paternal /GFZ may be one of several genetic
and epigenetic events that promote tumor cell
proliferation.

The present study found an association of 11q~
with LOI of JGFZ. Very recently, Yuan et al. (2005)
studied LOI of /GF2 by assessing DNA methyla-

tion of the H7¢ DMR and LOH by single-nucleo-
tide polymorphism (SNP) chips in 58 sporadic
Wilms tumors, 22 of which showed LOI. Partial
loss of 11q and loss of whole chromosome 11 were
found in 6 and 0, respectively, of the 22 LOI
tumors, and in 1 and 13, respectively, of the 36
non-LOT tumors. They stated that 1ig— was not
associated with LOL When we added 4 tumors
with LOH for the entire chromosome 11 or the
11p and 11q regions into the 11g— category in the
present series, 11q— was still more frequent in
the LOI group than in the W77 + LLOH + ROI
group. Whole loss of chromosome 11 may play a
role in loss of the wild-type WT7 allele or in loss of
the maternal JGF2 allele, and 11g— may be a
bystander in tumors with whole loss of chromo-
some 11 and WI7 muiation or duplication of the
paternat /GF2 (LOH). When the 13 tumors with
loss of the entire chromesome 11 from the series
reported by Yuan et al. (2005) were excluded, par-
tial loss of 11q was more frequent in the L.OI
tumors (6 of 22 tumors) than in the non-LOI
tumors {1 of 23 tumors), P < 0.01, Fisher’s exact
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test. Thus, the present study and that of Yuan er al.
(2005) lead to the same conclusion: chromosomal
loss limited to 11q is associated with LOI of IGF?Z
in Wilms tumor.

It has been hypothesized that 11q harbors a tu-
mor-suppressor gene involved in the development
of Wilms tumor (Radice et al, 1995; Nakadate
et al.,, 2001). The association berween 11q— and
LOI of /IGFZ found in the present study suggests
that Wilms tumors with overexpression of /GFZ2
require deletion/mutation of the putative 11q gene
in order 10 develop to full-blown tumors. As we
have shown (Tables { and 2, Fig. 2), the present
CGH and cytogenetic study detected physical loss
of 11q DNA, rather than mitotic recombination, in
the 4 fumors with LOI and 11q LOH. The gene
on 11q may code for one of the proteins that con-
stitute a CTCF insulator complex, and mutation,
deletion, or hapleinsufficiency of the gene may
cause insulator abnormalities that might lead to
LOI of IGF2 (Ohlsson et al., 2001).

The present study alse found an association
between trisomy 12 and LOI of /GF2. We previ-
ously proposed that hyperdiploid tumors (>50
chromosomes) make up a unigue subgroup of
Wilms tumors characterized by the absence of WT7
abnormalities and nonrandem gains of chromo-
somes, usually including trisomy 12 (Nakadate
et al,, 1999). The present study added another
characteristic, namely, the tendency to show LOI
of IGF2, to the list of characteristics of hyper-
dipleid tumors. CCNDZ and CDE4, which are
growth-promoting genes on chromosome 12, are
overexpressed in Wilms tumeors (Faussillon et al.,
2005), and 1t 1s speculated that tumeors with LOI of
IGF2 also need wuisomy 12 in order to proliferare in
an acceierated manner.

Ravenel ec al. (2001) reported that patients who
had Wilms tumors with LOI of IGF2 were older
than those who had tumors with normal imprinting
and that the tumors with LOI were more likely to
be of a pathological subtype associated with a later
stage of renal development. The present study
confirmed thar patients with tumors with LOI were
older than those who had tumors of other subtypes.
Chromosome changes were most frequent in the
LOT group and least frequent in the W77 group
(Table 3). We suggest from the findings described
above that tumors with LOI need far more genetic
events to develop into full-blown tumers than do
those with certain genetic types of tumors; it will
take rime to accumulate the genetic and epigenetic
cvents that might explain why patients with LOI
of IGFZ are older.

Genes, Chromosomes & Cancer DO 10.1002/gcce
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Objective. Insulin-like growth factor (IGF)-binding proteins (IGFBPs) are a family of proteins
thought to modulate IGF function. By employing an in vitre culfure system of human hema-
topoietic stem cells cocultured with murine bone marrow stromal cells, we examined the
effects of IGY¥.I and YGFBPs on early B-cell development.

Materials and Methods. Human CD34" bone marrow cells were eocultured with murine stro-
mal MS-5 cells for 4 weeks, and pro-B-cell number was analyzed by flow cytometry. After
administration of reagents that are supposed to modulate IGF-I or IGFBP function to the
culture, the effect on pro—B-cell development was examined.

Results. After cultivation for 4 weeks, effective induction of pro-B-cell proliferation was
observed, Experiments using several distinct factors, all of which neutralize IGF-I function,
revealed that impairment of IGF-I function resuits in a significant reduction in pro-B-cell de-
velopment from CD34* cells. In addition, when the effect of recombinant proteins of IGFBPs
and antibodies against IGFBPs were tested, IGFBP-3 was found to inhibit pro—B-cell devel-
opmaent, while IGFBP-6 was required for pro-B-cell development.

Conclusions. 1GE-] is essential for development of bone marrow CD34" cells into pro-B cells.

Moreover, IGFBPs are likely involved in regulation of pro-B-cell development. © 2006
International Society for Experimental Hematology. Published by Elsevier Inc.

Insulin-like growth factor-I (IGF-I) is an anabolic hormone
and, like growth hormone and insulin, regulates whole body
growth, metabolism, tissue repair, and cell survival [1]. In
addition to its main production by the liver, IGF-I is also
produced by bone marrow (BM} stromal cells, myeloid
cells, and peripheral lymphocytes. In plasma and most bio-
logical fluids, IGF-I binds to members of a family of six
specific soluble proteins, known as IGF-binding proteins
(IGFBPs) 16, all of which have structures that are unre-
lated to those of IGF receptors (IGFRs) [2]. Although
IGFBPs were originally described as passive circulating
transport proteins, they are now recognized as playing a va-
riety of roles in circulation, the extracellular environment,
and inside the cell [3,4].

Offprint requests to: Tomoko Taguchi, M.D., Ph.D., Departmeat of
Developmental Biology, Mational Research Institute for Child Health
and Development, 2-10-1, Okusa, Setagaya-ku, Tokyo 154-8335, Japan;
E-mail: tiaguchi @nch.go.jp

Of the six IGFBPs, IGFBP-3 is the most abundant
IGFBP in plasma. In vitro experiments examining the ef-
fects of IGFBP-3 on various cell cultures have provided
conflicting data, with both enhancement and inhibition of
IGF-1 actions, depending upon the cell type and culture
conditions used [3,4]. In contrast, IGFBP-6 was purified
from human cerebrospinal fluid and from transformed hu-
man fibroblast cell culture [31. IGFBP-6 has been shown
to inhibit IGF actions, including proliferation, differentia-
tion, cell adhesion, and colony formation of osteoblasts
and myoblasts [4]. Although the IGFBPs differ in their
structure and binding specificity, functional differences
among the various IGFBPs are still not clear [4].

In view of its multiple effects, IGF-1 is thought to play an
integral role in hematopoiesis [1]. IGF-I stimulates growth
of bones and seems to control the volume of BM, thereby
regulating production of hematopoietic cells [5]. Moreover,
IGF-I has been suggesied to have direct effects on develop-
ment of a variety of hematopoietic cells. In the case of

0301-472X/06 $—see front matter. Copyright © 2006 International Scciety for Experimental Hematology. Published by Elsevier Inc.
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B-cell development in mice, for example, previous reports
have indicated that IGF-1 stimulates maturation of pro-B
cells into pre-B cells [6] and acts as a B-cell proliferation
cofactor to synergize with the activity of interleukin (IL)-
7 [7]. Indeed, administration of IGF-I increased the number
of pre-B cells in BM and splenic B cells in normal mice and
after BM transplantation {8]. However, the effect of IGF-1
on B-cell development, especially in humans, is still largely
unknown, In addition, although murine BM stromal cells
secrete IGFBPs, the functional role of them in hematopoi-
esis remains unclear.

In an attempt to clarify the effect of IGF-1 and IGFBPs on
early B-cell development, we employed an in vitro culture
system of human hematopoietic stem cells (HPSCs) cocul-
tured with murine BM stromal cells that induce pro-B cells.
In this article, we expand upon results of previous reports by
other authors [6-~8] and show that IGF-1 is essential for pro—
B-cell induction from HPSCs. In addition, we also report
that IGFBP-3 inhibits pro-B-cell development, whereas
IGFBP-6 is required for pro-B-cell development. The possi-
ble role of IGFBPs in early B-cell development is discussed.

Materials and methods

Reagents
Recombinant human and mouse IGF-I, IGFBPs, and the IGF-IR
kinase inhibitor -OMe-AG538 were obtained from PeproTech
EC Ltd. {(London, UK), G-T Research Products (Minneapolis,
MN, USA), and Calbiochem-Novabiochem Co. (San Diego, CA,
USA), respectively. All reagents are solved in phosphate-buffered
saline, except 1-Ome-AGS538, which is solved in dimethyl sulfox-
ide, and diluted to the indicated concentration by culture medium.
The following mouse monoclonal anttbodies (mAbs) against
human antigens were used: anti-IGF-IR from G-T; purified anti-
CD19, fluorescein isothiocyanate (FITC)-conjugated anti-p heavy
chain, and phycoerythrin (PE)-conjugated anti-k and anti-A light
chains and anti-CD25 from Becton Dickinson Biosciences (San
Diego, CA, USA); FITC-conjugated anti-CD24, CD43, and
CD43, PE-conjugated anti-CD10, CD20, CD33, and CD179a,
and PE-cyanine (PC)-5-conjugated anti-CD19 from Beckman/
Coulter Inc. (Westbrook, MA, USA). The CD179a molecule,
also known as VpreB, is a component of surrogate light chain
and is specifically expressed in B-cell precursors, including pro-
B and pre-B cells, but not in mature B cells [9]. Hamster mAb
against mouse IGF-I and goat polyclonal anti-mouse IGF-1, and
IGFBPs Abs were obtained from G-T. Rabbit polycional Abs
against human IGF-IR and phosphospecific IGF-IR were pur-
chased from Cell Signaling Technology (Beverly, MA, USA).
Goat polyclonal anti—B-actin Ab was obtained from Santa Cruz
Biotechnology, Inc. {(Santa Cruz, CA, USA). Secondary Abs
were obtained from Molecular Probes, Inc. (Eugene, OR, USA),
and Dako Cytomation, Co. (Glostrup, Denmark), respectively.
All other chemical reagents were obtained from Wako Pure Chem-
ical Industries, Ltd. (Osaka, Japan), unless otherwise indicated.

Cells and cultures
Human BM CD34% cells purchased from Cambrex Bio Science
Walkersville, Inc. (Walkersville, MD, USA) were used. These

cells had been isolated from humar tissue after obtaining informed
consent. A cloned murine BM stromal cell line, MS-5, was kindly
provided by Dr. A. Manabe (St. Luke’s International Hospital, To-
kyo, Japan) and Dr. K. J. Mor (Nigata University, Nigata, Japan).
Human B-precursor acute lymphoblastic leukemia cell line
NALM-16 was kindly provided by Dr. Y, Matsuo (Grand Saule
immuno research Laboratory, Nara, Japan) and was maintained
in RPMI-1640 supplemented with 10% (v/v) fetal calf serum
(FCS; Sigma-Aldrich Fine Chemical Co., St. Louis, MO, USA)
at 37°C in a humidified 5% CQO, atmosphere.

For induction of pro-B cells, MS-5 cells were plated at a con-
centration of 1 X 10% cells on a 12-well tissue plate (Asahi Techno
Glass Co., Chiba, Japan). The next day, 4 X 10% cells/well/2 mL
CD347 cells were plated onto the MS-5 cells in culture medium
supplemented with 10% FCS and various combinations of re-
agents, as indicated in the figares. Because our preliminary exper-
iments revealed that cultures in an RPMI-1640 medium produced
a higher yield of B cells compared with cultures in ¢-minimum
essential medium (data not shown}, we used RPMI-1640 medium
for the following experiments. After cultivation for the indicated
periods, cells were harvested using 0.25% trypsin plus 0.02% eth-
ylenediamine tetraacetic acid (JBL Co. Ltd., Gunma, Japan), and
the number of cells per well was determined. All experiments
were performed in triplicate, and means * standard deviations
(SD) of cell numbers are shown in Figures 1C, 3, 4, 5C, and 5D.
For the histology studies, cells were cultured on type-I collagen-
coated cover slips (Asahi Techno Glass) and were examined by
May-Griinwald-Giemsa staining or immunohistochemical staining.

Immunofluorescence study

A multicolor immunofiuorescence study was performed using
a combination of FITC, PE, and PC-5. Cells were stained with
fluorescence-labeled mAbs and analyzed by flow cytometry
(EPICS-XL, Beckman/Coulter), as described previously [10].
Staining of the cytoplasmic antigens was performed uvsing Cyto-
fix/Cytoperm Kits (Becton Dickinson), according to manufac-
turer’s protocol. To detect surface immunaglobulin (Ig)* mature
B cells and cytoplasmic pt pre-B cells simultaneously, cells
were first stained with a mixtuere of PC-5-conjugated anti-CD19
Ab and PE-conjugated Abs against w/A light chains and then
treated with cell permeabilization reagents followed by staining
of eytoplasmic antigens. It was confirmed by preliminary experi-
ments that permeabilization treatment does not affect the signals
of surface antigens stained beforehand. For cell sorting, human
BM CD34% cells cocultured with MS-3 for 4 weeks were har-
vested and stained with PC-5-conjugated anti-CD19 mAb.
CD19" cells were sorted in an EPICS-ALTRA cell sorter
(Beckman/Coulter). For CDI9 immunostaining, cover slips were
fixed with ice-cold acetone for 15 minttes and stained with anti-
CD19 mAb and examined by confocal laser scanning microscope
(FV500; Clympus, Tokyo, Japan) as described previously [E1].

RT-PCR, immunoblotting, and detection of I1GF-I

Total RNA was extracted from cultured cells, and reverse tran-
scriptase polymerase chain reaction (RT-PCR) was performed as
described previously [12]. The sets of primers used in this study
are listed in Table 1. Cell lysates were prepared by solubilizing
the cells in lysis buffer and immunoblotting was performed as
described previously [13). The concentration of mouse IGF-I in
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