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Chromosome Painting

Biopsies and cell culture, respectively, of four human glioblastoma multiforme (WHO 4) have been evaluated for
gene amplification using reverse chromosome painting. Three of the tumours showed amplified domains within
chromosome bands 12q13-15. The exact localisation and extension of the amplified domains, however, varies
within this region. Southern blot analysis revealed amplification of the GLI oncogene in two of the glioblastomas
which were found to contain amplified domains within 12q13-15. Reverse chromosome painting also identified
amplified domains within bands 7q21 and 9p23-24. Amplification within region 9p23-24 has previously not been
reported in glioblastoma. The amplified domain encompassing 9p23-24 was detected in the same glioblastoma
which contained an amplification unit within bands 12q13-14. These data, together with previous reports, indicate
that amplifications are predominantly found on chromosomes 7, 9 and 12 in glioblastoma. In addition, this study
provides further evidence that coamplification is not a rare event in glioblastoma.
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INTRODUCTION
AMPLIFIED GENES have been identified in a variety of different
human tumours, most notably N-MYC in neuroblastoma and
ERRB2? in breast cancer [1-4]. Although gene amplification hag
been found at a low frequency in non-tumorigenic cells, gene
amplification in tumour cells is generally believed to contribute
to the transformed phenotype [5, 6].

In glioblastoma, several genes have been reported to be
amplified with the epidermal growth factor receptor (EGFR)
gene amplified in approximately 30% of all glioblastoma [7].
Genes GLI and N-MYC account for approximately 4% of all
amplifications reported in glioblastoma [8, 9]. Amplifications of
other genes have only been found sporadically [7, 10]. The
search for amplified genes in glioblastoma has, however, been
largely limited to the analysis of known oncogenes.

Comparative genomic in situ hybridisation (CGH) allows
detection and mapping of amplifications in tumour cells without
prior information about the amplified locus {11, 12]. T
DNA and normal DNA are labelled with two different fluoro-
chromes and used in a two-colour fluorescence #n situ hybridis-
ation on normal human metaphase chromosomes. The ratio of
the fluorescence intensities reflects the level of amplified domains
in the tumour DNA. Alternatively, labelled tumour DNA is
mixed with unlabelled Cot-1 DNA and used as a probe in in situ
experiments [13]. Amplified sequences in the tumour DNA are
indicated by intense fluorescence signals. This approach, which
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is termed reverse chromosome painting, has been successfully
used to detect coamplification in glioblastoma [13, 14].

The use of tumour DNA as a complex probe for in situ
previously employed for analysing gene amplification. While
previous techniques frequently depend on tissue culture, CGH
or reverse chromosome painting circumvent problems of in vitro
artefacts. In addition, CGH and reverse chromosome painting
give immediate information about the exact location of an
amplification unit. Thus, these techniques are most suited to
identifying novel amplification units, providing starting peints
for the isolation of target genes.

Here, we employed reverse chromosome painting for the
identification of amplified domains in human glioblastoma.
DNA was isolated from four glioblastoma biopsies and one
cell culture started from a glioblastoma multiforme. Amplified
domains which were previously reported to contain known
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MATERIALS AND METHODS

Tumour samples and cell culture

Tumour specimens were stored in liquid nitrogen immediately
after surgical removai. Histologicaily, the tumours were charac-
terised as glioblastoma multiforme WHO grade 4. Cell culture
was established from glioblastoma biopsy T3564, as described
elsewhere [15]. Long-term cell culturing was performed in
Dulbecco’s modified Eagle’s medium supplemented with 10%
fetal calf serum, penicillin (100 U/ml) and streptomycin
(100 mg/ml).

DNA isolation and probe labelling for reverse chromosome painting
Tumour DNA and peripheral blood DNA was isolated accord-
ing to Sambrook et al. [16]. Tumour DNA was labelled by nick
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translation using biotin-16-dUTP according to the manufac-
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eral blood DNA was sonicated to an average size of 500 basepairs.

Reverse chromosome painting was largely performed according
to du Manoir and colleagues [12]. In brief, biotin-labelled
tumour DNA and uniabelled sonicated blood DNA (250 ng)
were mixed and hybridised in the presence of 50 pg Cot-1 DNA.
The amount of tumour DNA varied between 170 and 250 ng.

Prior to hybridisation the probe was denatured for 5 min at 75°C
and pre-annealed for 20-30 min at 37°C. Metaphase spreads
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(46, XX) according to standard protocols [17]. Slides were
prepared for hybridisation as described by Géttert and colleagues
[18]. Hybridisation was carried out in 10% dextran sulfate, 50%
formamide, 2 X SSC and 50 mM sodium phosphate (pH 7.0)
for 15 h at 37°C. In a modified approach, biotin-labelled tumour
DNA was solely hybridised in the presence of a 50-fold excess of
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Detection

Following hybridisation, slides were washed to a stringency
of 0.1 x SSC at 60°C. Biotin-labelled probes were visualised by
using avidin conjugated to fluorescein isothiocyanate (FITC)
and amplified once by using goat anti-avidin antibodies. Chro-

mosomes were counterstained with DAPI at a concentration of
1 mg/ml, sealed in fluorescence antifading buffer and evaluated

with a I eitz Orthonlan micrascone
witn a Leitz Ortnoplan microscope,

DNA preparation, gel electrophoresis and Southern blotting

High molecular weight DNA was extracted from cell cultures
and frozen tissue samples according to standard protocols.
Genomic DNA (5 pg) was completely digested with the EcoRI
restriction cnzyme and the fragments were separated through
0.8% agarosc 5c1 cxc»uupu\.ucalb DNA was alkali denatured and
transferred to Gene Screen (Dupont) nylon membranes. DNA
probes were labelled with 2P by the random primer method of
Feinberg and Vogelstein [19]. Prehybridisation was carried out
in 500 mM phosphate buffer (pH 7.2), 1 mM EDTA and 7%
SDS at 65°C for 1 h. Following a 24-h hybridisation the filters
were washed in 450 mM phosphate buffer (pH 7.2), 1% SDS
for 15 min and in 250 mM phosphate buifer (pH 7.2), 1% SDS

for 15 min. Probes used were WNT1 (pall)[20], EGFR (pHER-
A64-1)[21] and GLI (pKK36) [9]
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RESULTS
Reverse chromosome painting was employed to analyse four
glioblastoma multiforme for DNA amplification. DNA used for
chromosome painting was isolated from biopsies and cell culture.
Tumour DNA was labelled by biotin-16-dUTP mixed with
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hybridised to a normal metaphase (46, XX). To obtain an
optimal signal-to-noise ratio, various amounts of tumour
material were used while the amount of normal DNA was kept
constant with 250 ng used in all experiments.

Using 170 ng tumour DNA an amplified domain was detected
in chromosome region 7g21 in a biopsy of glioblastoma T3788
(Figure la). Standard Southern blot analysis revealed a 30-fold
amplification of the EGFR gene. In three other glioblastomas
amplification units were found on chromosome 12 using between
200 and 250 ng tumour DNA. The regional assignment of the
amplified domain, however, varies between the three glioblas-
tomas. Culture cells derived from glioblastoma T3564 were
found to carry an amplified domain within bands 12q13-15.
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Figure 1. (a) Fluorescence signals of amplified DNA in cells of
tumour T3788. Hybridisation signals were detected on 7q21 by
reverse chromosome painting. DNA from glioblastoma biopsy 13788
was labelled by biotin-16-dUTP, mixed with 250 ng normal unlabelled

genem!c DNA at a1 : 1 ratic and hybridised to 2 metaphase spread

in the presence of 50 pg Cot-1 DNA. (b) Metaphase spreads
counterstained with DAPI.

Biopsies of glioblastomas T3508 and T3868 contain an amplified
domain within bands 12q13-14 and 12q13, respectively. In
tumour T3508 the entire long arm of chromosome 12 was
intensely stained with region 12g13-14 showing the strongest
fluorescent signal (Figure 2a). Reverse chromosome painting
revealed a second amplification unit within chromosome region
9p23-24 in glioblastoma T3508.

Interestingly, chromosome region 12q13-14 is commonly
invoived in tumour-reiated rearrangements and contains severai
oncogenes (e.g. SAS, GLI, WNT1). As demonstrated by stan-
dard Southern blot analysis GLI was found to be amplified
in glioblastomas T3564 and T3868 (Figure 3). The level of
amplification varies between 20-fold in tumour T3868 and 80-
fold in tumour T3564. In addition, T3564 was found to contain

an approximately 20-fold amplified WNT1 gene. Southern blot
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Figure 2. (a) Fluorescence signals of amplified DNA in cells of tumour T3508. Hybridisation signals were detected on 9p23-24 and 12q13-
14 by reverse chromosome painting. The bands are indicated by arrows. DNA from glioblastoma biopsy T3508 was labelled by biotin-16-
dUTP, mixed with 250 ng normal unlabelled genomic DNA ata 1 : 1 ratio and hybridised to a metaphase spread in the presence of 50 pg Cot-

1 DNA. (b)

analysis of tumour T3508, however, failed to reveal an amplifi-
cation of either GLI or WNT1 gene. The results of Southern
blotting and reverse chromosome painting are summarised in
Table 1.

DISCUSSION

Reverse chromosome painting allows the identification of
novel amplification domains in human tumours. It is, however,
necessary to bear in mind that this technique is fraught with
several limitations. As previously reported, the amplification
level must be greater than 20-fold [13]. In addition, our data
indicate that the extension of the amplified domain impacts the
intensity of the fluorescent signal. Small amplification units are

Metaphase spreads counterstained with DAPIL.

less likely to be detected by reverse chromosome painting. This
might explain why the amplified EGFR domain in tumour
T3788 was not detected by reverse chromosome painting. Pre-
vious reports indicate amplifications of the EGFR gene (7pl3)
in approximate 30% of all glioblastoma. In addition, our recent
studies indicate amplifications of the MET gene which is also
localised on chromosome 7 [22]. Thus, standard Southern blot
analysis and reverse chromosome painting should be applied
complementarily for the analysis of DNA amplifications.

The identification of amplified DNA sequences on chromo-
some 12 is consistent with studies by Joos ez al. [13] who also
reported amplification within bands 12q13-15. ERBB3 localised
within this region has been suggested as a possible target gene
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Figure 3. Representative Soutbern blot demonstrating GLI and
WNTI amplification in glioblastoma T3564. DNA was digested by
EcoRl, separated by gel electrophoresis and transferred to nylon
membrane. Following hybridisation with probe GLI(a) the membrane
was stripped of the probe and rehybridised with WNT1 (b). Lane 1,
lymphocyte DNA; lane 2, DNA from the glioblastoma T3564; lane 3,
DNA from glioblastoma T3868; lane 4, DNA from glioblastoma
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Table 1. Amplifications in four glioblastoma identified by Southern
blot analysis and reverse chromosome painting

Reverse chromosome
painting

Southern blot analysis

Glioblastomas GLI WNT1 EGFR Chromosomal localisation
T 3508 12q13-14, 9p23-24

T 3564 X X 12q13-15

T 3788 X 7q21

T 3868 X 1213

Amplifications of the genes GLI, WNT1 and EGFR are indicated by X.

[13]. Our studies, however, failed to reveal an amplification of
EGFR-related genes on chromosome 12 (data not shown). While
glioblastoma T3564 and T3868 carry ampliﬁed GLI or WNT1
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T3508. The results of reverse chromosome painting demonstrat-
ing an amplification within bands 12q13-14 are indicative of
additional amplified genes on chromosome 12 in T3508. Further
studies are needed to determine the exact location and extension
of the amplified domains on chromosome 12 in glioblastoma.
This study provides additional evidence for a significant role
of the oncogene GLI in glioblastoma. To the best of our
knowledge the latest reports on GLI amplification in glioma
were from Kinzler ¢gr al fQT and Wono ot gl 181, The GLI ocene
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has been found to be a member of the zinc finger genes. The
exact role of the amplified GLI gene, however, remains elusive.
To better understand the role of GLI in the development of
glioblastoma it might be necessary to further analyse the role of
the other amplification units in glioblastoma. In previous reports
several different oncogenes have been found to be amplified in
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additional amplification units on chromosomes 7, 9 and 12.
Thus, the frequency and number of the amplification events
in glioblastoma might be far more complex than previously
suggested.

In summary, we identified several amplification domains in
glioblastoma using reverse chromosome painting. In glioblas-
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toma T3508, two independent amplified domains on chromo-
some 9 and 12 have been identified. In two glioblastomas,

amplification events on chromosome 12 were identified with
GLI as a possible target gene. The amplification units within

bands 9p23-24 and 721 have as of yet not been reported.

1. King CR, Kraus MH, Aaronson S. Amplification of a novel erbB-
related gene in a human mammary carcinoma. Science 1985, 229,

Q74
i,

2. Schwab M, Alitalo K, Klempnauer KH, et al. Amplified DNA with
limited homeology to myc cellular oncogene is shared by human
neuroblastoma cell lines and a neurobiastoma tumor. Nature 1983,
305, 245,

3. Nishimura S, Sekiya T. Human cancer and cellular oncogenes.
Biochem § 1987, 243, 313-327.

4. Alitalo K, Schwab M. Oncogene amplification in tumor cells. Adv
Cancer Res 1986, 47, 235-281.

5. Tisty TD, Margolin BH, Lum K. Differences in the rates of

gene amplification in nontumorigenic and tumorigenic cell lines as
measnred bv Luria-Delbriick fluctuation analvsis, Proc Natl Acad

INCASUred 3y LUMNQ-2/C:0TUCK INRCIUaNen analyss. an Acag

Sci USA 1989, 86, 9441-9445.

6. Tlsty TD. Normal diploid human and rodent cells lack a detectable
frequency of gene amplification. Proc Nail Acad Sci USA 1990, 87,
3132-3136.

7. Fuller GN, Bigner SH. Amplified cellular oncogenes in neoplasms
of the human central nervous system. Mutation Res 1992, 276,
299-306.

8. Wong AJ, Bigner SH, Bigner DD, Kinzler KW, Hamilton SR,
Vogelstein B. Increased expression of the epidermal growth factor
receptor gene in malignant gliomas is invariably associated with
gene amplification. Proc Natl Acad Sci USA 1987, 84, 6899-6903.

9. Kinzler KW, Bigner SH, Bigner DD, et al. Identification of an

amplified and highly expressed gene in a human glioma. Science
1097 ‘)‘2‘ 70 72

10. Trent J, Meltzer P, Rosenblum M, ez al. Evidence for rearrange-
ment, ampliﬁcation, and expression of c-myc in a human glioblas-
toma. Proc Nail Acad Sci USA 1586, 83, 470-473.

11. Kallioniemi OP, Kalliniemi A, Chan CL, et al. Comparative gen-
omic hybridization for molecular cytogenetic analysis of solid
tumors. Science 1992, 258, 818-821.

12. du Manoir S, Speicher MR, Joos S, et al. Detection of complete and
partial chromosome gains and losses by comparative genomic in situ
hybridization. Human Genetics 1993, 90, 590-610.

13. Joos S, Scherthan H, Speicher MR, Schlegel J, Cremer T, Lichter
P. Detection of amplified DNA sequences by reverse chromosome
painting using genomic tumor DNA as probe. Human Genetics
1993, 90, 584-589.

Tignhan 1T Cortlar TID O a. B 7o TN Wil b B Alaao
. ISCneT U, valult nix, Gotert L, Lang i/, wuuilill O, et

E. Coamplification on chromosome 7pl2-13 and 9q12-13 in a
glioblastoma multiforme identified by reverse chromosome paint-
ing. Human Genetics 1994, 93, 331-334,
15. Wullich B, Miiller HW, Fischer U, et al. Cytogenetic and immunol-
ogic characterization of a human glioblastoma derived cell line with
c-MET amplification. ¥ Neurocytol 1993, submitted.
16. Sambrook J, Fritsch EF, Maniatis T. Molecular Clonming—A Labora-
tory Manual. Cold Spring Harbor Laboratory Press, 1989.
17. Arakaki DT, Sparkes RS. Microtechnique for culturing leukocytes
from whole blood. Cytogenerics 1963, 2, 57

. Gottert E, Klein V, Piontek K| nvgrmye! K, Zang KD, Meese E,
Generauan of a chromosome 22-specific llbrary as confirmed by
FISH analysis. Human Genetics 1993, 92, 623-626.

Tairnhare A Vacalataia D Addandicoe: o tanbomiaies fov cadialab i o
« DUVMIUCLIE [3, VUEVIDICEIL D. [UUCLIGULLL, a LCLILILEYUC 1UL lcl\uulnucuug

DNA restriction fragments to a high specific activity. Anal Biochem
1984, 137, 66-67.

. Van't der Veer Lj, van Kessei AG, van Heerikuhuizien H, van
QOoyen A, Nusse R. Molecular cloning and chromosomal assignment
of the human homolog of inz-1, a mouse gene implicated in mammary
tumorigenesis. Mol Cell Biol 1984, 4, 2532-2534,

21. Merlino GT, Ishii S, Whang-Peng ], ez al. Structure and localization
of genes encoding aberrant and normal epidermal growth factor
receptor RNAs from A431 human carcinoma cells. Mol Cell Biol
1985, 5, 1722-1734.

22. Wullich B, Miiller HW, Fischer U, Zang KD, Meese E. Amplified
MET gene linked to double minutes in human glioblastoma. Eur ¥
Cancer 1993, 29A, 1991-1995.

-
S

—
\D 0

o

[
<



