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Summary The objective of this study was to test the hypothesis that chromosomal imbalances in central nervous system primitive
neuroectodermal tumours (PNETS) reflect site and histology. We used comparative genomic hybridization to study 37 cases of PNET, of
which four were cerebral and 31 were medulloblastomas classified histologically as classic (n=17) or nodular/desmoplastic (n = 14). Tumour
immunophenotype was characterized with antibodies to neuroglial, mesenchymal and epithelial markers. Chromosomal imbalances were
detected in 28 medulloblastomas (90%), and significant associations between tumour variants and genetic abnormalities were demonstrated.
Aberrations suggesting isochromosome 17q were present in eight (26%) medulloblastomas, of which seven were classic variants. None of
these cases, or a further six with gain of 17qg, showed immunoreactivity for glial fibrillary acidic protein. Loss on 99 was found in six cases
(19%), five of them nodular/desmoplastic. Loss of 22 occurred in four (13%), all classic medulloblastomas in young patients with a poor
outcome and immunoreactivity for more than one epithelial or mesenchymal marker. Different patterns of imbalance were found in the
cerebral PNETs. There were no abnormalities of chromosome 17, but all three cases with imbalance showed losses of 3p12.3—p14.

Keywords: medulloblastoma; cerebral PNET; comparative genomic hybridization; isochromosome 17q; monosomy 22; glial fibrillary acidic
protein

Tumours of the central nervous system (CNS) are the commonestost common, occurring in a third of cases overall (Mertens et al,
solid neoplasms of childhood, and primitive neuroectodermall994). Other recognized patterns of abnormality have included
tumours (PNETS) are the most numerous among these, accountilogs of the X or Y chromosome, trisomy 7, monosomy 22, double
for approximately 25% of all childhood brain tumours (Packerminutes and structural rearrangements, particularly of chromo-
1995). More than 90% of cases of CNS PNET occur in thesomes 1, 7 and 11 (Heim and Mitelman, 1995; Bigner et al, 1997).
posterior fossa as medulloblastomas. PNETs at other CNS sitd4icrosatellite analysis has corroborated the existence of chromo-
resemble the classic medulloblastoma, which has a propensity feome 17 abnormalities by documenting loss of heterozygosity
divergent differentiation along neuro-epithelial lines, manifesting(LOH) on 17p, as well as on chromosomes 9, 10, 11, 16 and 22
as expression of glial fibrillary acidic protein (GFAP) and/or (Blaeker et al, 1996).
neuronal proteins or rarely as the presence of scattered ganglionAll of these abnormalities result in genetic imbalance and there-
cells (Tomlinson et al, 1992; Ellison and Love, 1998). In additionfore make these tumours particularly suitable for study by compar-
to the classic medulloblastoma, several variants are recognized @tive genomic hybridization (CGH). Two previous studies (Schitz
the World Health Organization classification of CNS tumours:et al, 1996; Reardon et al, 1997) found widely different numbers of
desmoplastic medulloblastoma, melanotic medulloblastoma anabnormalities in medulloblastomas using CGH. The aims of this
medullomyoblastoma (Kleihues et al, 1993). Desmoplastic medulktudy were to screen a series of CNS PNETSs, mostly medulloblas-
loblastomas account for approximately 20% of medulloblastomatomas, for chromosomal imbalance as revealed by CGH, to test the
and frequently exhibit a nodular architecture in which cells ofterhypothesis that histological and immunophenotypical differences
show a neuronal or glial immunophenotype; these nodular/desmamong variants of PNET are associated with specific genetic
plastic medulloblastomas are considered to form a histologicabnormalities, and to assess the prognostic value of any commonly
spectrum of tumours, distinct from classic medulloblastoma®bserved genetic abnormalities.
(Giangaspero et al, 1991; Tomlinson et al, 1992).

Cytogenetic studies of medulloblastoma and other PNETs haygiATERIALS AND METHODS
identified several non-random chromosomal aberrations in a high
proportion of cases (Biegel et al, 1989; Bhattachajee et al, 199%atient group

Bigner et al, 1997). Of these, isochromosome 17q [i(17q)] is thg biopsies i = 39) came from patients & 37) attending the
Wessex Neurological Centre in Southampton between 1985 and
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0021, G Level, Southampton General Hospital, Tremona Road, Southampton Most patients rf = 31) had a medulloblastoma. Of these, 17
S016 6YD, UK showed classic histology, while the remaining 14 had a
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Table 1 Clinical features of PNETs and CGH results

CGH analysis of PNETs 1323

Case Age at PNET Metastases Primary Chemotherapy Radiotherapy Survival  CGH results

diagnosis variant surgical (years)
(years) resection

1 19.8 Classic MB No Subtotal No CS 4.8* rev ish enh(5,6,7,12924,17,18),dim
(X,2q14qter,3,8p12qg24.1,9p,11,13q13q31,
14g23qg31,16q)

2 14.3 Classic MB No Partial Yes CS 8.8* rev ish enh(7,17q),dim(2,8,11p,
12pterq22,13q,17p)

3 8.5 Classic MB No Subtotal Yes CS 3.3 rev ish enh(4p15.3pter,6g23qter,
9p,12g23qter,17q),dim(Y,5q34qter,8p12pter,
17p,18p,20)

4 0.7 Classic MB No Partial No No 0.3 rev ish dim(22)

5 1.6 Classic MB No Partial Yes No 0.3 rev ish enh(17,19q), dim(Yq,11g13.5923)

6 6.3 Classic MB Spinal Complete Yes CsS 14 rev ish enh(17q,18),dim(8,17p)

7 9.8 Classic MB Spinal Partial Yes Cs 17 rev ish enh(17q),dim(Yq,17p)

8 6.5 Classic MB No Subtotal Yes CS 5.1 1st relapse: rev ish enh(1q,4p16,7q,
12g23qter,17g21qter),dim(4q22928,
4q32qter, 5933qter,8p21.3pter,
11p11.2p13,16g21qter) 2nd relapse:
rev ish enh(1q,4p16,7q, 12g23qter,
17q21qter),dim(Y,4922925, 4q932qter,
5q33qter,8p21.3pter,11p,
16q21qter)

9 6.6 Classic MB No Complete Yes CS 2.8* No imbalances

10 3.3 Classic MB No Complete No CS 6.3* rev ish enh(1q,8,17q),dim(4g31qter,17p)

11 24.8 Classic MB Spinal Subtotal No CS 0.3* rev ish enh(10,17q),dim(17p)

12 4.8 Classic MB Spinal Complete No No 0.1 rev ish enh(2p13.3pter,12,17¢,18),
dim(4g24qter,16qg21qter,17p)

13 30.3 Classic MB No Subtotal No CS 3.3 1st relapse: rev ish enh(Xq,3q,6026027,9p,
13,15¢23qter,18p),dim(Xp,4q31q34,
9022q34.1,10q21qter,11p14,11914q22,
14,15911g15,17p12pter),amp(2q14q21)

14 32.2 Classic MB Not known Biopsy No No 0 rev ish dim(10q,11,17p)

15 5.3 Classic MB No Subtotal Yes CSs 15 rev ish dim(22)

16 0.3 Classic MB No Biopsy No No 0 rev ish dim(22)

17 0.7 Classic MB Spinal Subtotal Yes Local 1.3 rev ish enh(14),dim(22)

18 9.3 ndMB Spinal Subtotal Yes CS 0.8 no imbalances

19 51 ndMB No Subtotal Yes CSs 6.4* rev ish enh(4,5,6,7,17q),dim(Y,8,17p)

20 11.2 ndMB No Subtotal No CS 1.3* rev ish enh(1,7,17q),dim(Xq12q25,Y,8,10,11,
13q13q21,14q11.2q13,14¢24,15,20)

21 5.9 ndMB No Subtotal Yes CS 1.2* rev ish enh(2,7,15,17q),dim(3,8,10,
11p15pter,21)

22 5.3 ndMB No Subtotal No No 0.1 rev ish enh(7q,8q24,12q24,17q22qter,18,
19pterql12),dim(8p,10g21.3qter,19913.2qter)

23 12.7 ndMB No Complete Yes CS 8.1* rev ish enh(1g31qter,2,4921g25,9p,18),
dim(4p15.2913,4026032,8,9922934,10,16),
amp(12p13,13g33)

24 3.6 ndMB No Complete No CS 7.4% rev ish dim(9g21g31)

25 19.6 ndMB No Subtotal No CS 4.5 Primary tumour: rev ish enh(3q),dim(Y)
1st relapse: rev ish enh(3q),dim(11q13g22)

26 22.8 ndMB No Complete No CSs 7.2* rev ish dim(X,6q16q24)

27 7.3 ndMB No Complete No CS 1.3* rev ish enh(1q,2,3p14p21,7,9p,10p,13),
dim(Xp,3q,4pterq26,5q,8q12qter,9q21.3922,
10q,11923qter,14,16,17p,18p),amp(4q28)

28 30.3 ndMB No Subtotal No Cs 2.4 rev ish enh(20q),dim(9g22qter,17p)

29 25.6 ndMB Not known Complete No Local 6.4 rev ish enh(15q12q14)

30 27.9 ndMB Bone Partial No Cs 5.6 No imbalances

31 4 ndMB No Subtotal No CS 0.9* rev ish enh(3,9p),dim(9q)

32 11.9 GNB No Complete No CSs 10.3* rev ish enh(17q),dim(17p)

33 141 MmyoB Not known Complete No CS 10.3* rev ish enh(8)

34 8.3 cPNET No Biopsy Yes Palliative 0.6 rev ish enh(X,1,7p,9,13,16p,19,20,22),dim
(3,4,5,6,8913qter,10911922,10924.3qter,
12p12¢23,14,15011¢23,16012022.1,18q),
amp(7p11.2p12,7921.3922)

35 2.6 cPNET No Subtotal Yes CS 5.7* rev ish enh(X,1p32pter,1g32qter,2p,
7q33qter),dim(3p12p14,3p21.3pter,5pterq33,
6,7p12p21.1,9p230q32,11,14q24qter)

36 6.4 cPNET Not known Partial No No 0.2 rev ish dim(3p13p21.1)

37 11 cPNET No Complete Yes No 0.8 No imbalances

Survival: *denotes ongoing remission. MB, medulloblastoma; nd, nodular/desmoplastic; GNB, ganglioneuroblastoma; MmyoB, medullomyoblastoma; cPNET,
cerebral PNET; CS, craniospinal radiotherapy.
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Figure 1 CGH ratio profiles for case 12. For each chromosome profiled, the three vertical lines correspond to green:red fluorescence intensity ratios of 0.9, 1.0
and 1.1. Each profile is expressed as a mean with 99% confidence intervals (Cls), and the number of chromosomes analysed in each case is shown beneath
the profile. Significant imbalances are represented by solid bars to the left or right of the chromosome ideograms, for losses or gains respectively, excluding
heterochromatic regions

nodular/desmoplastic architecture. For two of the classic medulld-istochemistry

blastomas, material was only available for analysis from recurre . . -
y y ear adjacent sections (®) were cut from formalin-fixed,

tumour. In one nodular/desmoplastic case, material was available . . - )
P araffin-embedded tissue. A reticulin preparation (Gordon and

from biopsies both at diagnosis and relapse. A medullomyobla%weet) was used to aid assessment of desmoplasia and nodular

toma, a posterior fossa ganglioneuroblastoma and four cerebral . . ; .
8 LS . architecture. Immunohistochemistry was undertaken as previously
PNETs comprised the remaining six tumours.

. i . : . escribed (Ellison et al, 1995) using antibodies to the neuro-
Clinical details are provided in Table 1. The median age agpithelial proteins GFAP (Pathology Department, University of

surgery of patients with mgdulloblasto_ma was 7'_3 years (rang outhampton), synaptophysin (DAKO) and neurofilament protein
0.3-32.2 years). The male:female ratio was 5.2:1. Spinal cor O . A
tAKO), and to the non-neuroepithelial proteins epithelial

deposits were present at diagnosis in six patients, and one pati rrq?mbrane antigen (DAKO), desmin (Europath), smooth muscle
presented with bone metastases. A complete macroscopic surgical. . . .
ctin (Sigma) and low molecular weight cytokeratins (Becton

removal was possible with nine medulloblastomas. Adjuvang. . . . :
' . ) . . ickinson). Histological assessment was undertaken without
therapy was given to 26 patients; 13 patients received chemo-

therapy to their primary tumour and 25 radiotherapy, which was nowledge of the resuits of CGH.
localized to the tumour bed in two cases and to the craniospinal
axis in the remainder. The six patients who received no radio(-:
therapy died within 4 months of diagnosis. Of the remaining
patients with medulloblastoma, 13 were alive at last review and afGH was performed on frozen tumour tissue using a protocol
were still in remission, between 4 and 109 months from diagnosignodified from that of Kallioniemi and co-workers (1994). A
The small group of cerebral PNETs had a median age at diagection of this tissue was prepared for histology to ascertain the
nosis of 4.5 years (range 1.1-8.3 years). One patient is alive adégree of contamination with non-neoplastic tissue. Of 39 tumour
disease-free after 68 months, following both chemotherapy anspecimens, 30 consisted solely of neoplastic cells while the propor-
craniospinal radiotherapy, and the remaining patients died betwedion of non-neoplastic tissue in the remainder ranged from approxi-
2 and 9 months after diagnosis, two of them having receivethately 5-30%. Tissue (5-30 mg) was digested in a solution of
chemotherapy and one also palliative radiotherapy. proteinase K at 3. DNA was obtained by salt extraction (Miller

omparative genomic hybridization

British Journal of Cancer (1999) 80(9), 1322-1331 © 1999 Cancer Research Campaign



CGH analysis of PNETs 1325

Table 2 Immunophenotype of PNETs

Tumour GFAP SYN NFP CK EMA SMA DES

1 MB - - - - - - -
2 MB - - - - - - -
3 MB - - - - - - -
4 MB - - - - 2+ 2+ -
5 MB - 1+ - - - - -
6 MB - 1+ - it it it it
7 MB - 1+ - it it it it
8a MB - it it it it it it
8b MB - 2+ - - - - -
9 MB - 2+ - - - - -
10 MB - 2+ 3+ - - - -
11 MB - 3+ - - - - -
12 MB - 3+ - - - - -
13 MB 1+ - - - - - -
14 MB 1+ - - - - 2+ -
15 MB 1+ - - - 3+ 3+ -
16 MB 1+ - - 2+ 3+ 2+ -
17 MB 2+ - - 3+ 3+ - -
18 nd MB - 2+ - - - - -
19 nd MB - 3+ - - - - -
20 nd MB - 3+ - - - - -
21 nd MB - 3+ - - - - -
22 nd MB - 3+ - - - - -
23 nd MB 1+ - - - - - -
24 nd MB 2+ - - - - - -
25a nd MB 2+ - - - - 2+ -
25b nd MB 2+ - - - - 1+ -
26 nd MB 2+ - - it it it it
27 nd MB 2+ 1+ - - - 2+ -
28 nd MB 2+ 2+ - - - - -
29 nd MB 2+ 2+ - it it it it
30 nd MB 2+ 3+ 3+ it it it it
31 nd MB 3+ - - - - - -
32 GNB - 1+ 1+ - - - -
33 MmyoB - 1+ - - - - 2+
34 cPNET - - - - - - -
35 cPNET - - - - it - -
36 cPNET - - - it it - -
37 cPNET 1+ - - it it it it

PNETs contained either no labelled cells (=), a small number of scattered immunoreactive cells (1+), less than 50% of cells with immunoreactivity (2+), or more
than 50% of cells with immunoreactivity (3+). GFAP: glial fibrillary acidic protein; SYN: synaptophysin; NFP: neurofilament protein; CK: low molecular weight
cytokeratins; EMA: epithelial membrane antigen; SMA: smooth muscle a actin; DES: desmin; nd = nodular/desmoplastic; it = insufficient tissue.

et al, 1988) and directly labelled by nick translation with fluores-CGH software (Vysis). Each metaphase used in the analysis was
cein-12-dUTP (Dupont NEN). Reference DNA was extracted fromkaryotyped and green to red fluorescence intensity ratios along the
blood of karyotypically normal individuals and labelled with Texaslength of each chromosome were calculated. Data from 5-10
red-5-dUTP (Dupont NEN). Approximately 650 ng of labelled metaphases were combined to give a mean ratio profile for each
DNA fragments in the size range 300-3000 base pairs werehromosome together with profiles corresponding to 99% confi-
hybridized with 3Qug human Cot-1 DNA (GibcoBRL) for 3 days dence intervals (CIS), as calculated by the Quips software. Gains
at 37C on to normal male target metaphase slides (Vysis)or losses of material by the tumour were deduced from deviations
Following hybridization, the slides were washed, air-dried andf the mean profile beyond thresholds set at ratios of 1.1 and 0.9,
mounted in anti-fade solution containing i ml* 4,6-diamino-  provided also that the 99% Cls consistently deviated to the same
2-phenylindole counterstain (Vector Laboratories). A control slideside of the midline for the regions involved, and that no deviations
with co-hybridized labelled DNA from a normal male and femalewere seen in the corresponding regions in the normal control
was included with each experiment. performed with each experiment. Amplifications were directly
visualized by microscopy as discrete regions of gain and were
localized by ratios greater than 1.5:1. Apparent gains or losses in
heterochromatic regions were excluded from analysis.

Slides were analysed using a Zeiss Axioskop fluorescence micro- The abnormalities identified by CGH were expressed according
scope and images captured by a cooled charged couple devitethe International System for Human Cytogenetic Nomenclature
camera (Photometrics) in conjunction with Smartcapture softwardSCN, 1995). CGH analysis was carried out without knowledge
(Digital Scientific), and then enhanced and analysed using Quipsf histology results.

Digital image analysis

© 1999 Cancer Research Campaign British Journal of Cancer (1999) 80(9), 1322-1331
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Statistical analysis chromosome 17. Other chromosomes frequently affected by losses

Survival analyses were undertaken for medulloblastomas usinWere 8 (11 cases; 35%), 11 (ten cases; 32%), Y (seven cases; 27%
Y % males), 4 (seven cases; 23%), 9 (seven cases; 23%) and 10q

Kaplan—Meier estimates and correlations were assessed in contin- - om0 K ;
. . . seven cases; 23%). Common sites of chromosomal gain were 7
gency tables. Survival time was calculated in months from cran?

> A = . . eight cases; 26%), 18 (six cases; 19%), 1q, 9p and 12q (five cases
iotomy to death, but in surviving (censored) patients, the |ntervaqeach; 16%). Extensive loss of chromosome 22, suggesting mono-

between operation and last medical review was used in the . . . .
analysis. somy 22, was seen in four cases. The eight cases with gain of all of
7 or 7q also showed losses of all or part of chromosome 8. Of ten
cases with losses on 8p, eight also had gains of 17q. High level
RESULTS gains, suggesting gene amplification, were seen in only three
tumours of which one (case 23) had two amplicons. The chromo-
somal regions involved in amplification were 2q14—q21 (case 13),
Chromosomal imbalances were detected by CGH in all but fou4q28 (case 27), 12p13 and 13933 (case 23). All three cases were
tumours, and most cases showed multiple abnormalities, with associated with multiple regions of imbalance, including losses on
mean of 6.2 per tumour (Table 1). The profiles for case 12 ar8q, 10g and 16q. In the two tumours for which results were avail-
illustrated in Figure 1. The imbalances in the 31 classic andble from two separate biopsies, there were only minor differences
nodular/desmoplastic medulloblastomas are shown in Table 1 armktween the CGH findings.
in Figure 2. In our control experiments, using co-hybridized refer- The results of CGH analysis for the cerebral PNETs differed
ence DNA from a normal male and female, no imbalancesrom those for the medulloblastomas (Table 1, Figure 3). Both
reaching our criteria for inclusion were detected on the autosomesases 34 and 35 had multiple regions of loss and gain, several of
including the CG-rich regions 1p, 16p, 19 and 22. them similar, although case 34 also had two amplicons that
Chromosome 17 was most frequently affected in medulloblasmapped to 7p11.2 and 7g21.3. Case 36 had an isolated loss of part
tomas, showing abnormalities in 18 tumours (58%). Twelve casesf 3p, and case 37 showed no abnormalities, suggesting a balanced
(39%) showed loss of 17p, of which eight (26%) had a reciprocataryotype. Of note were the presence of losses involving proximal
gain of 17q, suggesting the presence of i(17q). Four cases h&p in all three cases with abnormal CGH findings and the absence
gains of 17q without loss of 17p and two had gains of the wholef any imbalance involving chromosome 17 in any of the cerebral
of 17, making a total of 14 (45%) with gains of all or part of PNETSs studied.

CGH analysis
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Figure 2 Summary of regions of chromosomal imbalance identified by CGH in cases of classic and nodular/desmoplastic medulloblastoma. Losses are
represented by vertical lines to the left of the chromosome, gains by vertical lines to the right, and amplicons by solid blocks. The cases to which each region of
imbalance corresponds are identified by number. Imbalances in cases for which samples from two biopsies were analysed are only included once
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Figure 3 Summary of regions of chromosomal imbalance identified by CGH in cases of cerebral PNET. Losses are represented by vertical lines to the left of
the chromosome, gains by vertical lines to the right, and amplicons by solid blocks. The cases to which each region of imbalance corresponds are identified by
number

Immunohistochemistry 12q24, four were classic medulloblastomas. In contrast, five out of
. . six tumours with losses on 9q were nodular/desmoplastic medul-
Most medulloblastomas (27/31) were immunoreactive for one o q P

more of the neuroepithelial proteins, GFAP, synaptophysin an[f)blastomas. All tumours with monosomy 22 showed classic

neurofilament protein (Table 2). Among classic medulloblas-medUIIObIaStoma histology.

tomas, 5/17 were positive for GFAP and 8/16 for either of the The same imbalances showed a striking association with the

- ) . Rresence or absence of GFAP immunoreactivity (Table 3). For
neuronal markers synaptophysin and neurofilament protein. | o ; )
example, all tumours with i(17gh € 8) were immunonegative for

contrast, nodular/desmoplastic medulloblastomas showed a mo . ) . )

. ! . ) . . AP, as were those showing gain of 17qg without reciprocal loss of
differentiated immunophenotype; 9/14 were immunoreactive for17 1= 6). However, the cases with loss of 17p without reciprocal
GFAP and 9/14 for neuronal proteins. An immunophenotype char; P ' ' P P

. . .17q gain § = 4) were GFAP-positive. No significant relationships
acterized by the presence of more than one non-neuroepithelia - . .
S . O : ) were found between the results of CGH and immunohistochemistry
protein, including epithelial membrane antigen, was seen in four . - . .
. . wijth antibodies to neuronal proteins. All classic medulloblastomas
classic medulloblastomas. Four other medulloblastomas containe

. . . With monosomy 22 h n immunophen har ri h
tumour cells that labelled with an antibody to smooth muscle actmv.vIt onosomy ad an immunophenotype characterized by the

s expression of more than one non-neuroepithelial protein.
These tumours were all GFAP-positive. The medullomyoblastoma P P P
contained large desmin-positive cells.

Survival analysis

Kaplan—Meier survival curves showed that patients with evidence
of metastases at diagnosis had a significantly poorer prognosis
Significant associations between chromosomal imbalance ang@ = 0.023) than those with localized tumours, and that there was a
medulloblastoma histology were sought in contingency tablesrend @ =0.067) towards longer survival for patients with

(Table 3). Imbalance suggesting i(17q) occurred almost excluaodular/desmoplastic rather than classic histology (Figure 4A).
sively in classic medulloblastomas. Of five tumours with gain ofThe presence of GFAP immunoreactivity had no prognostic value

Chromosomal imbalance and tumour histology

© 1999 Cancer Research Campaign British Journal of Cancer (1999) 80(9), 1322-1331
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Table 3 Abnormalities detected in medulloblastomas by CGH; associations with histological variant and immunoreactivity for GFAP

MB variant i(17q) loss 17p gain 17q gain 12924 loss 9922
Classic MB 7 9 10 4 1
Nodular/desmoplastic MB 1 3 4 1 5

P=0.031 P=0.073 P=0.092 P=0.217 P =0.036
Immunophenotype i(17q) loss 17p gain 17q gain 12924 loss 9922
GFAP-negative 8 8 14 5 0
GFAP-positive 0 4 0 0 6

P =0.003 P=0.293 P <0.0001 P=0.027 P =0.003

Figures = number of tumours, Tumours (n = 8) with i(17q) are included in columns enumerating tumours with loss of 17p (n = 12) and gain of 17q (n = 14). MB,
medulloblastoma. P-values refer to correlation in contingency (x?) tables.
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Figure 4 Kaplan—Meier survival analyses for medulloblastomas, subdivided according to histological subtype (A) and the presence or absence of imbalances
suggesting monosomy 22 (B) or loss of 17p (C). Surviving (censored) patients are indicated by bars on the upper curves and, where applicable, by triangles on
the lower curves *A Classic [O] and nodular/desmoplastic [@®] histology (P = 0.067); B Tumours with [O] and without [@] loss of 22 (P = 0.0013); C Tumours
with [O] and without [@] loss of 17p (P = 0.94)

(P = 0.96). Significantly different survival curves were demon-and accounted for only about 20% of tissue in one case. Gains and
strated for patients whose tumours had monosomy P22 (  losses in the remaining cases were supported by the inclusion of
0.0013), but not for those with loss of 17 £ 0.94) (Figure controls in which we did not encounter the difficulties of interpre-
4B,C), or any other genetic abnormality. tation of CG-rich regions presented in studies employing indirect
labels (Kallioniemi et al, 1994; Reardon et al, 1997).

The findings of gain of 17qg with reciprocal loss of 17p in 26%
of our cases of medulloblastoma are consistent with cytogenetic
Results of CGH in our series revealed only four tumours withouteports (Biegel et al, 1989; Bigner et al, 1997), with two smaller
CGH abnormalities, suggesting balanced or normal karyotypeseries of cases studied using CGH (Schitz et al, 1996; Reardon et
The findings in these cases are likely to be genuine rather than ah 1997), and with findings of LOH on 17p (Cogen et al, 1990;
artefact of contamination with normal cells because non-neoplastiBlaeker et al, 1996). The relative importance of 17p loss and 17q
tissue was not found in histological sections from three tumoursggain remains unclear. In the search for potential tumour suppressor
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genes, reports of the potential role for TP53 have been inconsistegne, mutated in sporadic medulloblastomas as well as in cases o
(Jaros et al, 1993; Batra et al, 1995; Phelan et al, 1995), b@orlin's, or nevoid basal cell carcinoma syndrome, which pre-
evidence for a medulloblastoma-related locus at 17p13.3, distal @isposes to medulloblastoma (Vorechowsky et al, 1997; Wolter
TP53, has been presented (McDonald et al, 1994). In PNETs} al, 1997). One of our cases (case 24) with interstitial loss of 9q
where isochromosome formation may occur in the absence afeveloped dermatological lesions characteristic of naevoid basal
other imbalances, as shown in cytogenetic studies (Biegel et aell carcinoma syndrome after diagnosis of her medulloblastoma.
1989) and in two of our cases, it is possible that development dfumours with a nodular/desmoplastic architecture were signifi-
i(17q) is an early event. The importance of 17q gain is less cleatantly over-represented in our group with loss of 9q, corroborating
although our findings, particularly in terms of the correlation witha previously noted link between LOH on 9q and the desmoplastic
GFAP immunoreactivity, suggest that 17q gain may have signifivariant of medulloblastoma (Schofield et al, 1995).
cance of its own. The associations found in this study between We found a high incidence of monosomy 8 (23%), only
classic histology and imbalances of chromosome 17 have not beeecorded in one previous cytogenetic study (Bhattachajee et al,
documented before in PNETs. Furthermore, the mutual exclusivit§997), in which the association with gain of 7 and i(17q) was also
we demonstrated between tumours exhibiting gain of 17q andbserved. Five of our medulloblastomas had gains including
those showing immunoreactivity for GFAP has also not beeri2g23—q24. Although a finding not commented upon in their
described previously. This result contrasts with the results of oneeport, a similar number of cases in the series of Reardon et al
study in which the majority of PNETs with i(17q) showed ‘glial (1997) also showed this imbalance. The epidermal growth factor
differentiation’ (Biegel et al, 1995). The GFAP gene is located ateceptor pathway substrate 8 (Eps8) gene maps to this region anc
17921, but it is unclear how gain of 17q might interfere with theoverexpression of its product Eps8 enhances mitogenic response fc
expression of this astroglial intermediate filament (Brenner et alepidermal growth factor (Fazioli et al, 1993; Wong et al, 1994). A
1994). role for Eps8 in tumour development or progression in these cases
Monosomy 22 has been documented in a wide range of CN&8f PNET might therefore be postulated, particularly in view of
tumours (Heim and Mitelman, 1995) and is a feature of approxirecent attention given to the potential prognostic implications of
mately 60% of CNS rhabdoid tumours, or atypical teratoid/rhabEGFR expression (Gilbertson et al, 1997). Gain of 12924 in our
doid tumours (Biegel et al, 1990; Rorke, 1997). It has been found iseries was also associated with classic histology and absence o
0-30% of abnormal cases in cytogenetic reports of PNET, all ceré&sFAP immunoreactivity.
bellar tumours (Biegel et al, 1989; Bhattachajee et al, 1997; Bigner Only 3/31 (10%) of the medulloblastomas in our study showed
et al, 1997), and results of microsatellite analyses have revealegne amplification, consistent with previous studies of primary
LOH on 22q in similar proportions (Blaeker et al, 1996), but notumours (Bigner and Vogelstein, 1990; Heim and Mitelman, 1993;
correlations with clinical parameters have been made in any datra et al, 1994; Schiitz et al, 1996; Reardon et al, 1997) and none
these studies. Schitz and co-workers (1996) did not find angf our cases had amplifications at previously reported loci. This
evidence of monosomy 22 in their CGH series and, althouglgives added weight to the suggestion that the high proportion of
Reardon’s group (1997) found 5/27 cases with apparent monosonagll lines withMY Camplification may be due to a selective advan-
22, these were from a wide age range of patients with multipléage for in vitro growth conferred by this abnormality (Bigner and
CGH abnormalities. The tumours in our series with loss of 22 alogelstein, 1990; Batra et al, 1994). Our results are at odds with
came from particularly young patients, with a median age of &e suggestion of Reardon et al (1997) that the combination of
months at diagnosis. Loss of 22 was either an isolated imbalance amplification and 9q deletion in medulloblastoma is analogous to
associated with only one other abnormality. These findings rais®lYCN amplification and 1p loss in neuroblastoma. While our
the question of the relationship of these four cases to CNS rhabdoddses with amplification did have 9q loss, they also had multiple
tumours, which characteristically show the varied immunoreactiviadditional abnormalities, and we had three cases of 9q loss that
ties for neuroepithelial and non-neuroepithelial proteins and poowere not associated with gene amplification. Furthermore, in view
prognosis found in our cases. Though cytological pleomorphism ief the rarity of gene amplification and variety of loci involved, it
typically greater in CNS rhabdoid tumours than in medullo-would seem unlikely that a single mechanism is at work, or that
blastomas, the former may contain regions that resemble a clasgjene amplification plays an important role in the pathogenesis of
medulloblastoma. For two of our cases with monosomy 22, tissumedulloblastoma.
for histology was limited, and it is possible that insufficient Conflicting results have emerged from studies of clinical prog-
sampling may have precluded a diagnosis of CNS rhabdoid tumoutostic indicators for PNET (Hubbard et al, 1989; Tait et al, 1990;
However, retrospective review of the other two examples, wherZerbini et al, 1993; Geyer et al, 1994; Bailey et al, 1995), but the
large portions of tumour had been submitted for histology, revealegresence of metastases at the time of diagnosis has featured consi
no regions that might prompt a change in diagnosis. tently as an indicator of poor prognosis, and is supported by our
Other imbalances detected in our series of medulloblastomdmdings. Prognosis has previously been linked to histological
were broadly consistent with previous studies, but some requireariant (Hubbard et al, 1989), with desmoplastic variants tending to
specific comments: have a more favourable outcome than classic medulloblastomas,
Loss of all or part of 9q, including 9922, has been found in aut this has not been found to be the case in all reports (Choux et al
proportion of PNETS in each of the published CGH series (Schiitz983) and, while our series showed a similar trend, it did not reach
et al, 1996; Reardon et al, 1997). Although all of our cases shogignificance with the number of cases involved. GFAP immunore-
loss of a region large enough to be seen clearly in a conventionattivity has been found to be predictive of a poor outcome (Janss et
cytogenetic preparation, interstitial losses of 9q have not beeal, 1996) but a separate study (Maraziotis et al, 1992) found, like
reported in cytogenetic studies of PNET. In contrast, LOH on 9a@urs, that it had no independent prognostic significance. In the
has been reported (Blaeker et al, 1996). Furthermore, 9922 hasarch for genetic abnormalities with potential prognostic value,
been identified as the locus for tHerésophilapatched’ PTCH) previous attention has focused on aberrations of chromosome 17.
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An association between LOH on 17p and adverse prognosis has Cancerl4 85-96 _ '

been reported (Cogen et al. 1990 Batra et al 1995) but these ﬁniagner SH and Vogelstein B (1990) Cytogenetics and molecular genetics of

. ' .' ' 7 : malignant gliomas and medulloblastorBaain Patholl: 12—18

Ings have_ not been reproduced ina separat_e s_enes_ (Emad_lan etB%lner SH, McLendon RE, Fuchs H, McKeever PE and Friedman HS (1997)
1996) or in our CGH study. However, our findings in relation t0 = chromosomal characteristics of childhood brain tumaDasicer Genet

loss of chromosome 22 and also to the expression of multiple Cytogene®7: 125-134

proteins characteristic of different cell lineages in PNETS, suggegaeker H, Rasheed BKA, McLendon RE, Friedman HS, Batra SK, Fuchs HE and

. : Bigner SH (1996) Microsatellite analysis of childhood brain tumdbesies
that they could be markers of a particularly poor prognosis. ChIomosomes Cancas 54-63

Three out of four cases of cerebral PNET in our series demo%’renner M (1994) Structure and transcriptional regulation of the GFAP Beair.
strated multiple chromosomal abnormalities, but patterns of chro-  pathol4: 245-257
mosomal gains and losses that characterize medulloblastomas w&tenett ME, White EC, Sih S, von Haken MS and Cogen PH (1997) Chromosome
not seen. There is little published cytogenetic or molecular genetic 2™ 17p deletion analysis reveals molecular genetic heterogeneity in
data for cerebral PNETSs to allow comparison. but Burnett and co- supratentorial and infratentorial primitive neuroectodermal tumours of the
p ! . X central nervous syster@ancer Genet Cytogen®7: 25-31
workers (1997) found no cases of chromosome 17p loss in & serigoux M, Lena G and Hassoun J (1983) Prognosis and long-term follow-up in
of eight supratentorial PNETs using molecular techniques, and patients with medulloblastom@lin Neurosurg30: 246277
suggest that supratentorial PNETs and medulloblastomas aFé’gef} F;1H~ Dage”Shl‘)’laf L, Meltzgm AK ar?d Edwards g'\;"z;B (¥9?£0)2'?g'92tg>; mapping
- . . of the medulloblastoma locus on chromosome OMICSS: —
genetlca”y distinct. Loss of m_aterlal from 3P was common to eaCIEllison DW, Steart PV, Gatter KC and Weller RO (1995) Apoptosis in cerebral
of our abnormal cases which suggests the loss of a tumour astrocytic tumours and its relationship to expression of the Bcl-2 and P53
suppressor gene from this region. The fragile histidine triad gene is proteins.Neuropathol Appl Neurobid1: 352-361
a possible candidate, as it encompasses the fragile site at 3p1&!fon DW and Love S (Eds) (1998) Embryonal neuroepithelial neoplasms of the
and has been implicated in the development or progression of a CNS- In:NeuropathologyMosby: London. _
variety of neoplasms, including renal cell carcinoma and small ceﬁmad'an SM, McDonald JD, Gerken SC and Fults D (1996) Correlation of
i ! . X chromosome 17p loss with clinical outcome in medulloblast@tia.Cancer
carcinoma of the lung (Sozzi et al, 1997; Xiao et al, 1997). The Res: 1559-1564
single case of cerebral PNET with amplified material (case 34¥azioli F, Minichiello L, Matoska V, Castagnino, Miki T, Wong WT and Di Fiore PP
showed a similar pattern to that seen in a case of malignant glioma, (1993) Eps8, a substrate for the epidermal growth factor receptor kinase,

. . . " enhances EGF-dependent mitogenic sigfe4BO J12: 3799-3508
with palred ampllcons at 7p11'2p13 and 7q21'3q22 (SChI’OCk et a(&’eyer JR, Zeltzer PM, Boyett JM, Rorke LB, Stanley P, Albright L, Wisoff JH,

1994)- ) Milstein JM, Allen JC, Finlay JL, Ayers GD, Shurin SB, Stevens KR and
In summary, we have demonstrated multiple chromosomal Bleyer WA (1994) Survival of infants with primitive neuroectodermal tumours
abnormalities in a series of PNETs using CGH and have found or malignant ependymomas of the CNS treated with eight drugs in 1 day: a

patterns of imbalance which are associated with tumour architec- ePort from the children’s cancer groupClin Oncol12: 1607-1615
ture and immuno henoty e. We have also identified a subarou gfangaspero F, Chieco P, Ceccarelli C, Lisignoli G, Pozzuoli R, Gambacorta M,
p pe. 9 p Rossi G and Burger PC (1991) ‘Desmoplastic’ versus ‘classic’

C|aSSIC medu||0b|ast0mas tha.t ShOW Slm”a”tles to CNS I’hadeId medulloblastoma: Comparison of DNA content, h|5t0patho|ogy and
tumours and revealed patterns of abnormality in cerebral PNETS differentiation.Virchows Archiv A Pathol Analg 207-214
suggesting that supratentorial and posterior fossa PNETs may K@ébertson RJ, Perry RH, Kelly PJ, Pearson ADJ and Lunec J (1997) Prognostic
genetically distinct. significance of HER2 and HER4 coexpression in childhood medulloblastoma.
Cancer Re$7: 3272-3280
Heim S and Mitelman F (1995) Tumours of the nervous systerGalmcer
Cytogenetics; Chromosomal and Molecular Genetic Aberrations of Tumour
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