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Comparative genomic hybridization detects many
recurrent imbalances in central nervous system
primitive neuroectodermal tumours in children
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Summary A series of 23 children with primitive neuroectodermal tumours (PNET) were analysed with comparative genomic hybridization
(CGH). Multiple chromosomal imbalances have been detected in 20 patients. The most frequently involved chromosome was chromosome
17, with a gain of 17q (11 cases) and loss of 17p (eight cases). Further recurrent copy number changes were detected. Extra copies of
chromosome 7 were present in nine patients and gains of 1q were detected in six patients. A moderate genomic amplification was detected
in one patient, involving two sites on 3p and the whole 12p. Losses were more frequent, and especially involved the chromosomes 11 (nine
cases), 10q (eight cases), 8 (six cases), X (six patients) and 3 (five cases), and part of chromosome 9 (five cases). These recurrent
chromosomal changes may highlight locations of novel genes with an important role in the development and/or progression of PNET.
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Primitive neuroectodermal tumours (PNET) are the most freq
primary malignant childhood brain tumours (Farwell et al, 19
Bigner et al, 1988). Medulloblastomas represent the majori
cerebral PNET and are located in the cerebellum. Because of
culties in generating adequate metaphases, cytogenetic d
these tumour types are still limited. The most frequent abnorm
is isochromosome i(17q), found in approximately 30% of c
analysed with conventional cytogenetics (Bigner et al, 1
Griffin et al, 1988; Biegel et al, 1989; Karnes et al, 1992; Vag
Capodano et al, 1992; Neumann et al, 1993; Fujii et al, 1994).
high incidence of i(17q) was confirmed in a molecular cytogen
study, which also showed deletions of 17p in 44% of pati
(Biegel et al, 1995). Other studies using molecular approa
confirmed this frequent loss of 17p, and localized a hot-sp
loss of heterozygosity at 17p13.3, a locus telomeric to the
gene (Biegel et al, 1992; Cogen et al, 1992; McDonald et al, 1
Batra et al, 1995). A very recent deletion mapping study loca
a common chromosomal disruption within a more centrom
region, at 17p11.2 (Scheurlen et al, 1997). Other recurrent a
malities have been described, including structural aberratio
chromosomes 1, 3, 6, 11, 16 and X, loss of chromosome 2
gains of chromosomes 6 and 8 (Farwell et al, 1977; Bigner 
1988, 1990; Griffin et al, 1988; Callen et al, 1989; Karnes e
1992; Neumann et al, 1993; Fujii et al, 1994). Few gene ampl
tions have been reported, involving MYC, MYCN or EGFR (Rouah
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et al, 1989; Wasson et al, 1990; Fuller and Bigner, 1992; Badi
al, 1995), and more recently the 5p15 and 11q22 chromos
regions (Reardon et al, 1997).

The recently developed technique of comparative geno
hybridization (CGH) allows a genome-wide screening 
unbalanced abnormalities, without the requirement for tum
metaphases (reviewed in Kallioniemi et al, 1994). Only 
studies using this approach in PNET have previously b
reported (Schutz et al, 1996; Reardon et al, 1997). In ord
extend our knowledge on recurrent imbalances in this diseas
analysed frozen tumour samples obtained from 23 children 
either medulloblastoma (21 patients) or supratentorial PNET 
patients). We found many recurrent abnormalities, especially g
of 17q, 1q and 7, and losses of chromosomes 3, 8, 10q, 1
and X.

MATERIALS AND METHODS

Patients

Primary brain tumour tissue samples were obtained from
patients with a PNET. Samples were obtained at diagnosis 
patients and at time of relapse in 1 patient, a 13-year-old boy
a non-metastatic medulloblastoma (patient 221) (Table 1). T
were 11 girls and 12 boys with a median age of 7.5 years (ra
months–13 years). Twenty-one patients had a cerebellar tu
i.e. medulloblastoma, and two a supratentorial PNET. The dis
was metastatic at diagnosis in nine patients with newly diagn
medulloblastoma, as assessed by magnetic resurance im
(MRI) and cerebrospinal fluid (CSF) analysis. Tissue sam
were immediately frozen in liquid nitrogen upon tumour remo
and stored at –80°C until analysis. For histological analysis, tiss
1843
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Table 1 Main clinical characteristics and CGH results of the 23 patients

Patient Sex Age Histology Tumour location Metastasis CGH results
no. (years) Gains Losses

89 F 3 Medulloblastoma Posterior fossa No 6, 8, 13, 17q 4q, 10, 11, 21, X

99 F 4 PNET with glial Supratentorial No 1q, 2, 17
component

107 M 9 Medulloblastoma Posterior fossa No 7, 17q 2q14q33, 3, 11, 17p

127 M 9.7 Medulloblastoma Posterior fossa No 1q, 2, 12q22qter, 17q 3, 8, 10, 11, 17p

161 M 4.1 Medulloblastoma Posterior fossa No 5, 7, 17q 3, 8, 11, 15, 17p, 20

202 M 12.2 Medulloblastoma Posterior fossa No 7 2, 3, 8, 9pterq22, 13, 15, 20

208 M 4.2 PNET with glial Supratentorial No 9pterq22, 11q23qter
component

221 M 13 Medulloblastoma Posterior fossa * 7, X 8p, 10q, 11, 13

222 M 6.4 Medulloblastoma Posterior fossa No 3pterp24, 3p23p21, 12p 17p

223 F 12.7 Medulloblastoma Posterior fossa No 6

228 M 8.9 Medulloblastoma Posterior fossa No 1q, 7, 17q 9p21q21

234 M 12 Medulloblastoma Posterior fossa No 1p31qter, 4, 5, 7, 18 8, 9, 10, 11, 12p12q14, 16, 21

245 F 7.5 Medulloblastoma Posterior fossa No 1q31qter, 3q, 13, Xq 3p, 10q, 14q21qter

249 F 7.7 Medulloblastoma Posterior fossa No 4, 7, 17 8, 10, 11, 15q11q15, X

77 F 6.6 Medulloblastoma Posterior fossa Yes 7, 12pterq12, 15q25qter, 17q 3, 13, 17p, X

81 F 6.9 Medulloblastoma Posterior fossa Yes 1q, 5, 6, 8q 7p, 21, X

84 F 2.2 Medulloblastoma Posterior fossa Yes 7, 10p, 13, 14, 17 4, 8, 10q, 11, 15, 21, X

113 M 1.4 Medulloblastoma Posterior fossa Yes 2, 6q10q24 16p, 17pterq23

164 F 11 Medulloblastoma Posterior fossa Yes Normal

207 F 1.2 Medulloblastoma Posterior fossa Yes Normal

212 F 3.9 Medulloblastoma Posterior fossa Yes 1031qter, 7q, 13q31qter, 17q 10q, 17p, X

214 M 0.7 Medulloblastoma Posterior fossa Yes Normal

227 M 9.5 Medulloblastoma Posterior fossa Yes 4q22qter, 17q 9p13q21, 17p, 20

aTumour sample was obtained at time of relapse. M, male; F, female.
specimens were fixed in acetic acid–formalin–ethanol (A
Carlo-Erba, Milan, Italy) and embedded in paraffin. Paraf
embedded sections were then routinely stained with hae
toxylin–eosin–saphranin (HES). Appropriate immunohistochem
analysis was performed when needed to rule out a differential 
nosis, especially for supratentorial tumours.

Comparative genomic hybridization

CGH was performed as previously described (Paszek-Vigier 
1997). Briefly, tumour DNA was extracted using phenol–chlo
form technique. Tumour DNA was labelled by nick translat
with Texas red (TR)-dUTP (Dupont-NEN), whereas normal D
from heathy male and female donors was labelled with fluores
isothiocyanate (FITC)-dUTP (Dupont-NEN). A total of 150 ng
each donor’s DNA and 20µg of unlabelled Cot-1 DNA (Gibco
BRL) were ethanol precipitated, resuspended in Hybrisol 
(Oncor, Gaithersburg, MD, USA) and denatured for 10 min. A
a 48-hour hybridization at 37°C, slides were washed for 5 min 
British Journal of Cancer (1999) 79(11/12), 1843–1847
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2 × saline–sodium citrate (SSC) at 73°C and examined using a
epifluorescence microscope (DMRB, Leica). CGH analysis 
performed using Powergene software (PSI, Houston, TX, U
The over- and under-represented DNA segments were deter
by calculating TR:FITC average ratio profiles. Average r
images were calculated from at least six metaphases and had
thresholds. Chromosomal gains were considered when flu
cence ratios exceeded 1.15 and losses were considered for
lower than 0.85. Telomeric and heterochromatic regions 
excluded from analysis, according to Kallioniemi et al (1994)
well as chromosomes 1p, 16q, 19, 22 and Y. Genomic ampl
tion was defined by a red/green ratio > 1.5.

RESULTS

CGH analysis was successfully performed for the 23 te
patients. Figure 1 summarizes the copy number changes de
in the 23 patients. Twenty contained aberrations in at leas
© Cancer Research Campaign 1999



CGH in childhood PNET 1845

British Journal of Cancer (1999) 79(11/12), 1843–1847© Cancer Research Campaign 1999

1 2 3 4 5

6 7 8 9 10

11 12 13 14 15

16 17 18 19 20

21 22

Y
X

Figure 1 Summary of the chromosomal gains and losses found in this series. Vertical lines on the right side of a chromosome represent a gain of genetic
material and a vertical line on the left side a loss of material. Thick lines show genomic amplifications
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3 n=8 12 n=10

Figure 2 A partial CGH ‘karyotype’ showing low-level amplifications on
chromosomes 3 (averaged profile from eight copies of chromosome 3) and
12 (averaged profile from ten copies of chromosome 12) (patient 222). The
median thick line represents the ratio 1, the left line the ratio 0.5 and the right
line the ratio 1.5. This patient displays two different amplified regions on the
short arm of chromosome 3 and multiple copy numbers of the short arm of
chromosome 12
chromosomal region. The number of imbalances ranged from
13 (median = 6). The most frequent abnormality was a gain o
in 11 cases. Other recurrent abnormalities were a gain of chr
some 7 (nine patients), loss of 11 (eight patients), loss of
(eight patients), loss of 10q (eight patients), loss of chromosom
(six patients), loss of 8 (six patients), gain of 1q (six patients)
loss of chromosomes 3 and 9p (five patients each). The co
tence of gain of 17q and loss of 17p in six patients was sugge
of an isochromosome i(17q). Multiple copy numbers involving
and 12p were found in one patient (Figure 2). No amplifica
was found at other classical amplified loci (MYC, MYCN or
EGFR). In the analyses, we also separated metastatic patients
children with localized disease. Among recurrent abnormal
described above, loss of chromosome 11 appeared to be
frequent in children with metastatic PNET.

DISCUSSION

CGH has been used for the identification of chromosomal im
ances in a wide variety of solid tumours and haematologic m
nancies. This technique circumvents many limitations assoc
with conventional cytogenetics, such as the difficulty to ob
metaphases in tumour cells or the often poor quality of chro
some spreads associated with the frequent high-complexi
chromosomal changes. Moreover, CGH does not require 
tumour material, and even small pieces of tumour can be ana
For all these reasons, CGH is a very powerful technique fo
analysis of chromosomal changes in solid tumours. Howe
some limitations exist. Balanced chromosomal rearrangemen
not detected and some regions, including 1p, 16q, 19, 22 and 
difficult to analyse. In this study, we detected chromosomal im
ances in 20 out of 23 tumours analysed. No abnormality 
detected in three patients with metastatic disease, correspo
either to patients with a normal karyotype or only balanced s
tural abnormalities, or to patients with an important contamina
with normal cells. Losses were slightly more frequent than g
(75 versus 60), and many recurrent chromosomal changes
found.
British Journal of Cancer (1999) 79(11/12), 1843–1847
to
q
o-
p
X
d
s-
ve

m
s
ss

l-
-
d

-
f
h
d.
e
r,
re
re
-
s
ng
-

s
re

In agreement with published cytogenetic data, chromosom
was the most frequently involved. Gain of 17q was found in
patients (half of the abnormal patients) and loss of 17p was f
in eight patients. In six cases, both abnormalities were pre
simultaneously, indicating the probable presence of an i(1
Nevertheless, some patients have only gain of 17q and others
only loss of 17p, suggesting that these two abnormalities 
involve different tumorigenic pathways. Recent data showed
different regions may be lost in 17p deletions, leading to the
of different putative tumour suppressor genes (Biegel et al, 1
Cogen et al, 1992; McDonald et al, 1994; Batra et al, 1
Scheurlen et al, 1997). On the other hand, gain of chromos
17q (through the formation of an isochromosome or an isol
gain of 17q) is probably an important second event, by modif
some gene dosage. This phenomenon has to be related to 
malities described in another neuroectodermal tumour, i.e. n
blastoma. Recently, it has been shown that gains of 17qter ma
were present in about 90% of high-grade neuroblastomas (Me
et al, 1996). Because neuroblastomas and medulloblastoma
both neuroectodermal tumours, a common tumorigenic event
be proposed, even if no candidate gene has so far been foun

We also found many other abnormalities, especially extra co
of chromosome 7 and losses of chromosomes 11 and 10q. M
them are in agreement with data reported by Reardon et al (1
but strongly differ from Schutz et al’s data (1996). Both trisom
and loss of chromosome 10 are the hallmark of another typ
brain tumour, glioblastoma multiforme (Bigner et al, 1990). T
tumour is especially frequent in adults, but rather rare in ch
hood. Moreover, embryologic origins of glioblastomas and me
loblastomas are totally different. The former is a glial tumo
whereas medulloblastoma is a neuroectodermal tumour. Are 
common genetic abnormalities in childhood brain malignanc
This question has to be raised, but larger series will be need
address this question.

Loss of 11q has already been reported in medulloblasto
(Callen et al, 1989; Vagner-Capodano et al, 1992; Reardon 
1997). Vagner-Capodano et al (1992) suggested that tumours
11q abnormalities might constitute a subgroup of medullob
toma different from tumours with an i(17q). Our results do 
support this hypothesis. In our series, six patients had abnor
ties of both chromosome 11 and 17; three with monosomy 11
an i(17q) and three with monosomy 11 and gain of chromos
17 or 17q. The loss of chromosome 11 was found to be m
frequent in patients with localized disease (8/14 versus 1/9). 
if these respective frequencies are statistically different, a la
series would be necessary to conclude.

Other recurrent abnormalities were loss of chromosome X,
and 9p–9q21–22, and gain of chromosome 1q. This latter a
mality is not a medulloblastoma-specific change since it has 
described in a large variety of tumour types. Loss of chromos
9p has been reported in adult gliomas, but not in childhood m
loblastoma. In adults, it seems to lead to p15/p16 deletions (J
al, 1994; Barker et al, 1997). Interestingly, the five patients w
chromosome 9 deletion share a loss of the q21–22 re
Recently, mutations of the PTCH gene, which maps at 9q22, 
been reported in medulloblastoma (Pietsch et al, 1997; Wolt
al, 1997). We can speculate that these deletions in our pa
include this gene. Losses in chromosome 3 have not been rep
as non-random changes in medulloblastomas. We found lo
chromosome 3 in five patients, plus one patient with loss of 3p
© Cancer Research Campaign 1999
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CGH in childhood PNET 1847
gain of 3q (suggesting the presence of an isochromosome 3q
entire chromosome 8 was lost in six patients and another pa
exhibited loss of chromosome 8p. These losses of chromoso
material are in agreement with Reardon et al’s data (1997), w
found a recurrent loss of the short arm of chromosome 8. M
genes localized on 3p or 8p could potentially be the main targ
these deletions, and more patients will be necessary to try to d
the critical minimal deleted region.

No high-level amplification has been found in this study. O
one patient displayed multiple copy number changes: two gain
3p (3p21 and 3p25) and one gain of the entire chromosom
short arm. In these three cases, deviations from the baselin
compatible with multiple copy numbers. These regions have
been previously reported. Amplifications have rarely b
reported in medulloblastomas, usually as double minutes. W
analysed, the target genes of these amplifications were e
MYC, MYCN or EGFR (Rouah et al, 1989; Wasson et al, 19
Fuller and Bigner, 1992), and more recently the 5p15 and 1
regions (Reardon et al, 1997). None of these regions was amp
in our series.

In conclusion, this CGH study identified many non-rand
copy number changes, confirming data from the Reardon g
(1997). Larger series of consecutive patients would define
exact frequency and significance of these individual chromoso
abnormalities. This analysis prompts the elaboration of l
prospective studies in order to determine the potential progn
significance of these copy number changes.
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