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the tumor tissue was stored in liquid nitrogen and kept at â€”80Â°C.
Tumor tissue

We have anal@
and 6 astrocytomas

DNA obtained from 10 glioblastomas multiforme
for microsateffite

Instability,

using 17 dIfferent

mic

rosatellite loci dispersed over 7 dIfferent chromosomes.
Six of 16 gliomas showed 1 or more microsatellite alterations in tumor
DNA as compared to constitutional DNA. We observed microsatellite
Instabifity resulting in allelic shifts in 5 of 10 glloblastomas multiforme but
not In any of the astrocytomas.
Loss of an allele was observed in 3
giloblastomas
multiforme. An Imbalance In the Intensity of alleles was
noticed in 1 astrocytoma and In 1 glioblastoma multiforme. In 1 glioblas

was cut into small pieces, suspended in a Tris-EDTA buffer containing 0.5%
SDS and 500 ,.Lg/mlproteinase K, and incubated overnight at 37Â°C.Tumor
DNA was extracted by buffer-saturated phenol/chloroform/isoamyl alcohol,
whereas constitutional DNA was isolated using a salting-out method.
Tumor and constitutional DNA from each patient was compared for genetic
alterations at 17 different microsatellite loci, located on 7 different chromo
somes: chromosome 1 (MYCLJ); chromosome 5 (D5S112 and 38.3); chromo
some 8 (D8S165); chromosome 11 (D11S905, D11S956, and D11S554);
chromosome
13 (D13S144, D13S121, and D13S134); chromosome
15

toma multiforme, an extra allele was present at two distinct loci. Overall,

(CYPI9, DJSSJO3, and GABRB3); and the X chromosome (DX5987, DXS424,
and P23). All microsatellites are dinucleotide (CA) repeats, except for micro

5.3% of microsatellite

satellites at D11S956, D11S554, CYP 19, MYCLJ, and P23(CTAT), which are

analyses showed an abnormality.

We conclude that microsatellite Instability Is present at a low grade in
glioblastomas

multiforme

but to a lesser extent in astrocytomas.

Genomic

Instability In human gliomas, therefore, should not be regarded as a
mechanism

for tumor initiation

but as an evolution in tumor progression.

INTRODUCTION
Recently genomic instability has been suggested as a possible
mechanism in the development of cancer (1). Initially, this phe
nomenon was observed in HNPCC3 as well as in sporadic cob
rectal tumors (1â€”6).This instability can be observed as a change in
the length of microsatellite sequences in tumor DNA as compared
to constitutional DNA. The alterations have been shown to involve
di-, tn-, and tetranucleotide repeats. The genomic instability is the
result of RER. It has recently been shown that the RER in these
HNPCCs is caused by mutations in the hMSH2 gene, which is
located on the short arm of chromosome 2, or by a mutation in the
hMLHJ gene located on the short arm of chromosome 3 (7, 8).
These genes are homologous to the bacterial DNA mismatch repair
genes. Microsatellite instability has also been found in several
other tumor types (9â€”17). In most tumors, however, genomic
instability is reported to be present for only a few microsatellites
per tumor. It has therefore been suggested that microsatellite
instability, occurring in tumors other than HNPCC, is attributable
to processes distinct from those responsible for coborectal cancer.
The purpose of this study was to investigate whether genomic
instability is present in glial tumors such as astrocytomas and
malignant glioblastomas multiforme.

tetranucleotide

and one microsatellite

at P23

(G7TIT),

which

is a

repeat.

The repeats were analyzed by PCR amplification, followed by electrophore
sis on denaturing

6% polyacrylamide

gels. Primers

(purchased

from Eurogen

tec, Liege, Belgium) and annealing temperatures have been reported before.
PCR reactions were performed in a final volume of 20 pi, containing 50 ng of
DNA, 4 pmol of each oligonucleotide pruner (one labeled at the 5'-end with
[-y32P]ATPand polynucleotide kinase), 200 p@mol
of deoxynucleotide triphos.
phate, and 0.5 unit of Taq polymerase. After an initial denaturing step at 94Â°C,
22 cycles at 1 mm each were performed at 94Â°C,1 mm at the optimal annealing
temperature, and 1 mm at 72Â°C.A final extension was done at 72Â°Cfor 7 mm.

RESULTS
Microsatellite patterns at 17 different loci dispersed over chromo
somes 1, 5, 8, 11, 13, 15, and X of DNA from a total of 16 gliomas
and of DNA from corresponding blood samples were analyzed. The
gliomas included 10 GMs and 6 astrocytomas of different malignancy
grades (1 grade I, 4 grade II, and 1 grade III). In total, 272 analyses
were performed, 264 of which could be interpreted unambiguously.
Differences between normal and tumor DNA were detected in 6 of
16 gliomas (37%), including 5 GMs and 1 astrocytoma. In total 14
microsatellite aberrations were detected. Several types of microsatel
bite aberrations were found: besides allelic shifts in which the initial
number of repeats was increased or reduced, losses of one allele
(LOH), the presence of an additional allele, and differences in band
density were found. Representative examples of these four different
aberrations are shown in Fig. 1.
Four allelic shifts could be demonstrated in 4 different GMs (Fig.
1A).

MATERIALS

repeats,

pentanucleotide

A

fifth

GM

showed

an

extra

allele

at two

different

AND METHODS

loci,

which

could be considered as an incomplete shift (Fig. lÃ€,GM5). In total
31% of all analyzed tumors or 1.9% of all analyses showed an allelic
Sixteen gliomas were obtained from patients treated at the Antwerp Urn
shift. In GM5, another shift might be present for D11S956, which we
versity Hospital, from 1991 to 1992, and at the University Hospital in Leuven,
interpreted as the loss of heterozygosity (Fig. 1C).
Belgium, from 1993 to 1994. Gliomas were classified histologically according
In 6 different boci of 1 GM and 1 astrocytoma, we found a clear
to the WHO classification into 10 glioblastomas multiforme, 1 astrocytoma I,
4 astrocytomas II, and 1 astrocytoma III (18). No patient had undergone difference in the band intensity of both alleles. In all six cases, one of
radiation or chemotherapy prior to tumor resection. Immediately after surgery, the tumor alleles showed a stronger band than did the homologous
tumor allele and the two constitutional alleles (Fig. 1B). This phe
nomenon
might be explained by a chromosomal duplication or by an
Received 10/4/94; accepted 1/27/95.
The costsof publicationof thisarticleweredefrayedin partby the paymentof page amplification of the chromosomal region harboring the locus. The
charges. This article must therefore be hereby marked advertisement in accordance with
astrocytoma showed this feature only at one locus. The GM (GM5)
18 U.S.C. Section 1734 solely to indicate this fact.
showed a difference in band intensity at 5 different loci spread over 3
I Supported
in part by Nationaal
Fonds
voor
Wetenschappelijk
Onderzoek
(NFWO)
Fundamenteel Klinisch Onderzoeksmandaat 5/14/5 DP K7.
chromosomes, suggesting complex cytogenetic abnormalities.
2 To whom requests for reprints should be addressed.
Three cases of allelic loss were observed in 3 different GMs
3 The
abbreviations
used are: HNPCC,
hereditary
non-polyposis
colon
carcinoma;
RER, replication errors; LOH, loss of heterozygosity; GM, glioblastomas multiforme.
(Fig. 1C).
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Fig. 1. Aberrations of microsatellites observed
in gliomas when comparing normal (N) and tumor
(7) DNA of glioblastomas multiforme (GM) and
astrocytoma (A). A, allelic shifts and presence of an
extra allele. Tumors GM2, GM3, GNI8,and GNI1O
show an allelic shift in their microsatellite pattern
forD11S956,D13S121,D115956,and MYCL1,
respectively. GM5 shows an extra allele for 2 loci
(D13S134andD11S554anda shift
forD11S956).
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B, altered alleic band intensity. Tumors GM5 and

Al show differences in band intensity for loci
D11S554, D13S121, and CYP19. C, allelic loss.
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In 1.1% of the scored loci, therefore, a mechanism exists which
deletes one copy of a microsatellite repeat. It is, however, difficult to
state that this is the same phenomenon as classical LOH. In LOH,
large chromosomal regions are deleted and sometimes even whole
chromosomes are lost, resulting in LOH for that region. Without
analyzing loci flanking the repeat showing allelic loss, it is not
possible to determine whether the allelic losses we report here are due
to LOH of a larger chromosomal region or restricted to a single repeat.
In GM2, however, the predominant alleles seem to be lost in the
tumor, retaining one minor allele. Therefore this result can be inter
preted as homozygous deletion. In some tumors, the results can be
interpreted as loss of heterozygosity of the other allele such as for
D11S554 in GMS, D13S121 in A2, and CYPI9 in GM5 (Fig. 1B).
In total, 14 different microsatellite alterations were found on a total
of 264 (5.3%) analyses, with 5 (1.9%) allelic shifts, 6 (2.3%) differ
ences in intensity of homologous alleles, and 3 (1.1%) cases of allelic
loss. These alterations were present in 8 dinucleotide as well as in 6
tetranucleotide repeats. To exclude technical artifacts or contamina
tion, all of the differences described were reproduced by independent
PCR reactions and separate gel loadings.
DISCUSSION
Our study of human gliomas

showed

abnormalities

of microsatellite

repeats which are not present in constitutional DNA from the same
patient. In some samples, the interpretation of the aberration was not
always obvious, although these problems do not affect the results of
this study. Six of 16 (37%) analyzed tumors showed microsatellite
instability for at least 1 locus. Nine of 17 (53%) analyzed repeats
showed differences for at least 1 tumor. In total, 14 of the 264 (5.3%)
analyses showed genomic instability. It is difficult to interpret these
findings because there are no data available about the incidence of
microsatellite instability in normal brain tissue. The incidence of
genomic instability of normal repeats in normal leukocytes is approx
imately 0.1%, whereas hypervariable repeats have a mutation rate as

4

4

high as 5% (19, 20). In our series we therefore used only repeats
which were not hypervariable. Many recent publications have re
ported microsatellite instability in a variety of tumors. Unfortunately,
the data reported in those studies are hard to compare (Table 1). FirSt,
many authors report the percentage of tumors that show microsatellite
instability without mentioning the total amount of repeats tested. This
is not very relevant inasmuch microsatellite instability can be dem
onstrated in every tumor when enough microsatellites are tested. Even
in leukocytes, â€œbackgroundâ€•
microsatellite instability exists. There
fore, it is indispensable to know the percentage of instability not only
with respect to the amount of tested tumor samples but also with
respect to the total amount of analyses. Second, in many reports it is
hard to conclude what the authors mean by microsateilite instability.
Microsatellite shifts are to be considered a strong indicator of micro
satellite instability, whereas allelic losses, changes in band intensity,
and the presence of extra alleles might be indirect indications of
genomic instability. Furthermore, an unambiguous interpretation of
the results does not always seem to be possible. Third, the number of
tumors and/or microsatellite analyses is small in many reports, beading
to unreliable estimations of the real incidence of genomic instability.
Therefore, we must bear these factors in mind when comparing data
from the literature.
A very high percentage of HNPCCs show genomic instability, but
only the amount of tumor samples and not the amount of analyses is
mentioned in the different reports (Table 1). Nevertheless it is clear
from these studies that there is a widespread genomic instability
which is much greater than the instability in non-HNPCCs. In the
batter tumors, microsatebbite instability varies from report to report,
even for the same carcinoma (Table 1). This is probably due to the
limitations of the studies mentioned above.
In the literature, there is only one study of genomic instability in
brain tumors (21). In this study of a variety of brain tumors, including
gliomas, genomic instability is reported in 1.8% of tumors and 0.15%
of microsatellite analyses. This instability incidence is bow and prob
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Table 1 Review of the literature on microsatellite instability detected in different tumor
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