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Abstract
Objectives—Automated DNA technology
was used to analyze the incidence of
microsatellite instability (MIN) among
the most frequent types of adult primary
CNS tumours and to determine its rela-
tion with clinicopathological characteris-
tics.
Methods—Fifty six gliomas, 32 meningi-
omas and 11 schwannomas were screened
for size changes at eight microsatellite loci
using fluorescent polymerase chain reac-
tion (PCR) followed by fragment analysis
in an automated sequencer. A tumour was
considered as MIN+ when a diVerent elec-
trophoretic pattern between constitu-
tional and tumour DNA was evidenced in
one or more microsatellite markers and as
replication error positive (RER+) when at
least 25% of the markers analyzed (2/8)
showed instability. The MIN phenotype
was correlated with relevant clinical and
pathological parameters.
Results—Globally, instability was found in
19/767 analyses (2.47%), with a higher rate
among tetranuceotide than dinucleotide
repeats (÷2 test, p=0.018). Ten gliomas
(17.9%), two meningiomas (6.3%), and
two schwannomas (18.2%) were MIN+,
whereas one glioma (1.8%), two meningi-
omas (6.3%), and one schwannoma (9.1%)
were classified as RER+. A possible as-
sociation between microsatellite instabil-
ity and a shorter duration of clinical
course was found in meningiomas. The
MIN+ phenotype was more frequent in
spinal than intracranial schwannomas
(Fisher’s exact test, p=0.018). No other
significant association with clinical or his-
tological features was detected.
Conclusions—Although microsatellite in-
stability can be demonstrated at a low rate
in some primary CNS tumours, a true
replication error phenotype (revealed by
widespread microsatellite instability at
numerous loci) is uncommon and unlikely
to play an important part in the pathogen-
esis of these neoplasms. This form of
instability was more frequent in tetranu-
cleotide than in dinucleotide repeats. To
our knowledge, this is the first report of
MIN in schwannomas, where it was asso-
ciated with the spinal localisation of the
tumour.
(J Neurol Neurosurg Psychiatry 2000;69:369–375)
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Microsatellites are short tandemly repeated
DNA sequences (STRs) scattered throughout
the genome that are more prone to mutate than
other genomic regions.1 In recent years a new
molecular pathway for carcinogenesis has been
characterised which consists of the failure of the
cellular mechanisms responsible for maintain-
ing the fidelity of DNA replication. Such a
defect would give rise to an increased rate of
mutations, some of which could eventually
contribute to the neoplastic transformation.2

This specific form of genomic instability is evi-
denced by frequent length alterations in STRs
when the tumour is compared with the
corresponding constitutional DNA, a phenom-
enon first described in colorectal carcinomas
that has been termed microsatellite instability
(MIN) or replication error (RER).3–5 The
mutator phenotype was later also found in a
wide variety of human cancers, both hereditary
and sporadic.6–9 In some tumours the presence
of MIN has been associated with clinical and
pathological characteristics.10 11 Furthermore,
the detection of this phenotype has proved to be
of prognostic value in certain types of cancer.
Whereas it is associated with a better prognosis
in patients with colon and gastric cancer,5 12 it
has been related to reduced survival in breast
cancer.13 Another clinical implication attributed
to the MIN phenotype is an increased resist-
ance to some alkylating agents in these
tumours.14 However, for most MIN+ sporadic
cancers its clinical and prognostic significance,
as well as its possible association with his-
topathological features, remain to be estab-
lished. The first clues to the molecular origin of
this phenomenon came with the confirmation
of the hypermutability of RER+ cells in vitro,15

and its association with mutations in the
mismatch repair genes.16 17 However, many rep-
lication error positive tumours failed to show
mutations in these genes.18 The molecular basis
of MIN in these cases is yet unknown.

The role of the replication error phenotype
in neoplasms of the nervous system is contro-
versial. Although some investigators have
suggested the implication of this type of genetic
instability in the development of brain
tumours,19–22 others failed to find a significant
incidence of MIN, even in large series.8 23–26

The MIN+ brain neoplasms seem to be mostly
high grade gliomas,19–21 23 although some re-
searchers have also reported microsatellite
instability in meningiomas.22 23 Microsatellite
instability has also been detected in neurofibro-
mas of patients with neurofibromatosis type
1,27 but has not been reported in other nerve
sheath tumours.
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The heterogeneity of the previous data can in
great measure be attributed to the lack of a
generally accepted definition of the RER status
(type and number of STRs that have to be ana-
lyzed and number of unstable loci that have to
be detected) as well as to the diVerent sensitiv-
ity and specificity of the methods used for the
analysis. In recent years, the introduction of
fluorescence based automated DNA sequenc-
ers has greatly improved the analysis of genetic
markers.28 Compared with conventional tech-
niques, this method provides more accurate
sizing of alleles and increases the sensitivity,
reproducibility, and throughput of reliable data
for the evaluation of MIN.29 30 The aim of our
study was to use fluorescence based polymer-
ase chain reaction (PCR) and automated DNA
analysis to investigate the role of the mutator
phenotype in the development of the most
common tumour types of the CNS. Although
this approach has already been used for the
detection of MIN in several human non-CNS
cancers, the present study is only the second
using fluorescence based technology in gliomas
and the first in meningiomas and schwanno-
mas. We also analyze the relation of the MIN
status to relevant clinicopathological param-
eters.

Materials and methods
PATIENTS AND TUMOUR SAMPLES

Initially, all samples from surgical resection or
stereotactic biopsy of gliomas, meningiomas, or
schwannomas in the Complejo Hospitalario
Universitario de Santiago (CHUS) during the
period 1987–97 were candidates to be included
in the study. Additional inclusion criteria were:
(a) the patient’s informed consent; (b) suY-
cient amount of sample (> 0.5 cm2 of tissue);
(c) absence of diagnostic or gradation uncer-
tainty; (d) availability of clinical data. Formalin
fixed, paraYn embedded tumour specimens of
113 patients that fulfilled these criteria were
obtained from the pathology archives of the
CHUS, a 4 µm section was stained using rou-
tine procedures, and the diagnosis was re-
viewed by an experienced pathologist accord-
ing to the last World Health Organisation
(WHO) classification.31 The grading of gliomas
was based on the St Anne Mayo scheme.32

DNA ISOLATION

If more than 80% of the tissue corresponded to
malignant cells, a 10 µm unstained section was
deposited in a centrifuge tube and used for
DNA extraction. When a significant pro-
portion of histologically normal tissue was
present, an additional 10 µm section was
stained with toluidine blue and used to micro-
dissect appropiate areas of tumour. We avoided
haematoxylin and eosin stained samples as a
source of DNA because this dye has been
shown to aVect PCR eYciency.33 Isolation of
DNA from paraYn embedded tissue was based
on the previously described method, with slight
modifications.34 Briefly, tissue sections were
deparaYnised and incubated at 56°C for 2
hours in 50–100 µl digestion buVer.35 Alterna-
tively, some samples were incubated at 37°C
overnight. Finally, proteinase K was inactivated
at 95°C for 10 minutes. Peripheral blood
leucocytes were used as a source of constitu-
tional DNA, which was isolated by standard
proteinase K digestion and phenol-chloroform
extraction.

FLUORESCENT PCR

Three dinucleotide (D6S1583, D9S153,
D9S1867) and five tetranucleotide repeat
markers (humFibra/FGA, D21S11, D12S391,
D19S394, D1S1656 ) were amplified by PCR
under optimised conditions. Primers were
commercially purchased (Amersham Pharma-
cia Biotech, APB) according to the published
sequences (table 1). One primer of each pair
was fluorescently labelled with Cy5. Condi-
tions for PCR were as follows: 50 ng template
DNA, 10 mM Tris-HCl, 50 mM KCl, 1.5 mM
MgCl2, 200 µM of each dNTP, 10 pmol of each
primer and 1.25 units Taq polymerase®

(Gibco) in a final volume of 25 µl. Reactions
were performed in a Progene® thermal cycler
(Techne) and consisted of an initial denatura-
tion step at 95°C for 5 minutes followed by 30
cycles of 30 seconds at 94°C, 30 seconds at the
appropriate annealing temperature, and 45
seconds at 72°C.

ANALYSIS OF PCR PRODUCTS AND ASSESSMENT OF

MICROSATELLITE INSTABILITY

One microlitre of the PCR product was mixed
with 1 µl of each size marker and 4 µl

Table 1 Characteristics of the STRs analyzed

Marker Type Location Primers Annealing Reference

FIBRA/FGA Tetra 4q *5'-GCCCCATAGGTTTTGAACTCA-3' 60°C 36
5'-TGATTTGTCTGTAATTGCCAGC-3'

D21S11 Tetra 21q *5'-ATATGTGAGTCAATTCCCCAAG-3' 60°C 37
5'-TGGAGAACATTAACTAATACA-3'

D12S391 Tetra 12 *5'-TGGCTTTTAGACCTGGACTG-3' 61°C 38
5'-AACAGGATCAATGGATGCAT-3'

D19S394 Tetra 19p *5'-GTGTTCCTAACTACCAGGC-3' 56°C 39
5'-AGACTACAGTGAGCTGTGG-3'

D1S1656 Tetra 1 *5'-GTGTTGCTCAAGGGTCAACT-3' 59°C 40
5'-AGAAATAGAATCACTAGGGAACC-3'

D6S1583 Di 6p *5'-GCCCCTAACCTGCTTCTACTGA-3' 63°C 39
5'-GCAGATGGCCCCACTGAC-3'

D9S153 Di 9q *5'-TTATGGCAGCCCAAATGGACTA-3' 67°C 39
5'-GCAGAATGTTGCCCAAAACTCA-3'

D9S1867 Di 9q *5'-GTGAACTGCATCAGCCG-3' 61°C 39
5'-ATCAGCCAGGGTTTTCAACA-3'

One primer of each pair—indicated with an asterisk—was fluorescently labelled.
Di=dinucleotide repeat; Tetra=tetranucleotide repeat.
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formamide solution, denatured, and electro-
phoresed in a denaturing polyacrylamide gel
(5.7% acrylamide, 0.3% bisacrylamide, 7 M
urea) using an ALFExpress® sequencer (APB).
The running conditions were 1500 V and 25 W
at a constant temperature of 55°C for 130
minutes with a running buVer of 0.6 X TBE.
The data were processed using the Allelelinks®
software version 1.00 (APB). The alleles were
automatically sized by the inclusion in each
lane of two fluorescent PCR products of known
size and the electrophoretic patterns obtained
from normal and tumour DNA of each patient
were compared. MIN was defined by the pres-
ence of novel alleles in tumour DNA that were
not present in the corresponding constitutional
DNA, providing that: (1) the novel peak(s) did
not correspond to stutter bands or non-specific
artifacts characteristic of that STR; (2) the
same pattern was obtained in at least two inde-
pendent analyses; and (3) the sample was not
clearly degraded, as disclosed by the inability to
amplify all or most of the STRs. Although there
is a lack of general agreement for the
assessment of microsatellite instability, it has
been suggested that at least 20% of the loci
should be unstable to consider that a neoplasm
exhibits the replication error phenotype,
whereas tumours with less than 10% instability
have not been associated with damage in the
mechanisms of DNA repair.41 Therefore, for
the purposes of this study, tumours with insta-
bility in at least two STRs were classified as
RER+, and those with only one unstable STR
were classified as MIN+ but not RER+.

CLINICOPATHOLOGICAL DATA AND STATISTICAL

ANALYSIS

Out of the 113 selected samples, 12 gliomas,
one meningioma, and one schwannoma repeat-
edly failed to give any amplification products
and were thus also excluded from the study.
This left a final series of 99 evaluable tumours
with the following distribution: 56 gliomas
(G1-G56), 32 meningiomas (M1-M32), and
11 schwannomas (N1-N11).The clinicopatho-
logical features of these cases were retrospec-
tively collected from clinical records.

Gliomas (n=56)
The distribution of the gliomas by histological
type and grade was: 40 astrocytomas (15 low
grade, eight anaplastic, 17 glioblastomas),
seven oligodendrogliomas (six low grade, one
anaplastic), six mixed oligoastrocytomas (five
low grade, one anaplastic), one pilocytic astro-
cytoma, one pleomorphic xantoastrocytoma,
and one anaplastic ganglioglioma. The pilo-
cytic astrocytoma, the pleomorphic xantoastro-
cytoma, and the anaplastic ganglioglioma were
included to calculate the global rate of micros-
atellite instability in glial tumours, but were not
taken into account for other statistical pur-
poses. Also, for statistical reasons in the present
study oligodendrogliomas and mixed oli-
goastrocytomas were considered as a group,
distribution supported by previous evidence
of molecular and prognostic similarities of
both types of gliomas compared with
astrocytomas.42 Nineteen (33.9%) of the pa-

tients with gliomas were female and 37
(66.1%) male, with a mean age of 50.5 years
(range 16–77). The mean duration of symp-
toms at the time of diagnosis was 14.2 months
(range 0.25–168). The mean tumour size
measured on neuroimaging was 4.5 cm (range
1–10 cm). Most tumours (53/56; 94.6%) were
supratentorial. Given the wide distribution of
tumour site and the few cases in a given
location, it was not possible to classify them
into reasonable categories and this parameter
had to be excluded from statistical analysis.

Meningiomas (n=32)
Twenty eight (87.5%) were grade I, three
(9.4%) grade II, and one (3.1%) grade III
according to the WHO classification.31 Seven
(21.9%) of the patients with meningiomas
were male and 25 (78.1%) were female. The
mean age was 57.6 years (range 38–79). One of
the tumours was an incidental finding. The
mean clinical course for the rest of the cases
was 22.2 months (range 0.5–120). For statisti-
cal purposes they were divided into the follow-
ing location categories: (1) cerebral hemi-
spheres (convexity and parasagittal) 17
(53.1%), and (2) media or posterior fossae 15
(46.9%). The mean tumour size was 4.25 cm
(range 1–6.8). Four meningiomas had macro-
scopic bone reaction recognisable on the
neuroimage (two osteoblastic, two osteolitic).
The intensity of surrounding oedema was
evaluated on CT and classified into: (1) absent
(0) or mild (+) and (2) moderate (++) or
intense (+++). Four patients (12.5%) had
multiple meningiomas. Only one of the tu-
mours was studied in each case.

Schwannomas (n=11)
Nine (81.8%) were acoustic neuromas and two
(18.2%) spinal schwannomas. The mean
tumour size was 3.54 cm (range 1.8–8). Three
(27.3%) were from male and eight (72.7%)
from female patients of a mean age of 54.4
years (range 42–72).Two of the tumours were
incidental findings, the rest with a mean dura-
tion of symptoms at diagnosis of 24.2 months
(range 0.5–156).

The association of MIN status with the clin-
icopathological parameters was evaluated by
means of ÷2 test, Fisher’s exact test and Mann-
Whitney U test where appropriate, using the
statistical package SPSS® 6.0 for Windows.
The significance threshold was set at p<0.05.

Results
Ninety nine sporadic neoplasms of the nervous
system and corresponding leucocyte DNA
were evaluated at eight microsatellite loci using
fluorescent PCR and an automated DNA
sequencer. The other 14 tumour samples
initially selected for the screening yielded no
results due to PCR failure.

Fourteen tumours (14.1%) exhibited MIN
in at least one marker. The RER+ phenotype
(MIN in at least two loci) was found in four
cases (4%). It was possible to interpret unam-
biguously 767/792 (96.8%) of the analyses,
with 19/767 unstable loci, which gives a global
rate of instability of 2.47% for these tumours.
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Two out of 292 evaluable dinucleotide (0.7%)
and 17 out of 475 (2.9%) tetranucleotide
repeats showed extra peaks on the electro-
phoretogram which were not present in the
normal paired DNA. Thus, tetranucleotide
STRs exhibit a higher rate of instability than
dinucleotides in these neoplasms (÷2,
p=0.018). Some of the patterns of instability
detected are shown in the figure.

We have analyzed the frequency of microsat-
ellite instability with respect to relevant clinico-
pathological variables. Ten out of 56 (17.9%)
tumours of glial origin showed instability in at
least one locus. The distribution by histological
type was 8/40 (20%) astrocytic tumours, 1/13
(7.7%) oligodendroglial and mixed tumours,
1/1 (100%) ganglioglioma, 0/1 (0%) pilocytic
astrocytoma, and 0/1 (0%) pleomorphic xan-
toastrocytoma. The incidence of MIN among
low and high grade gliomas was compared after
stratification by histological type. The diVerent
frequency of instability among high and low
grade astrocytomas (28% and 6.7%, respec-
tively) was not statistically significant. Only one
of the gliomas (1.8%) showed MIN at two loci
and was classified as RER+. Interestingly, this
tumour is a low grade astrocytoma from a
patient without a family history of neoplasia.
There was no significant association between
the presence of MIN in gliomas and the
patient’s age, sex, tumour size, or duration of
clinical course to diagnosis.

Two out of 32 meningiomas (6.3%) showed
instability, one of them at two and another at
three loci. Both are grade II meningotelioma-
tous meningiomas without histological signs of
atypia or malignancy. One of them exhibited a
striking osteolytic component recognisable on
the neuroimage. The mean duration of clinical
course to diagnosis for the MIN+ meningi-
omas was 0.75 (0.0) months, compared with
23.63 (29.7) months for the MIN− tumours
(Mann-Whitney U test, p=0.017). The rest of
the evaluated parameters did not diVerentiate
meningiomas with from those without instabil-
ity.

There were two (18.2%) MIN+ schwanno-
mas, one of them (9.1%) at two STRs. These
tumours were the two extracranial schwanno-
mas included in our series, one located at C2
and the other at L3. Thus, a statistically signifi-
cant association was seen between the presence
of MIN in spinal versus cranial schwannomas
(Fisher’s exact test, p=0.018), while no diVer-
ences were detected for sex, age, duration of
symptoms and tumour size between MIN+
and MIN- schwannomas.

Discussion
A mutator phenotype, characterised by abun-
dant DNA repair errors, has been implicated in
the development of human cancer. An in-
creased rate of replication errors might eventu-
ally lead to genetic alterations involved in the
multistage neoplastic transformation.43 Re-
cently, a support for this hypothesis came from
the identification in various malignancies of
widespread instability at repetitive DNA se-
quences (microsatellites), which can be recog-
nised as the presence of new alleles in the
tumour when compared with the constitutional
DNA and has been associated with mutations
in the mismatch repair genes.3–5 16

We screened 113 CNS tumours of diVerent
types at eight STR loci using a fluorescence
based automated DNA analysis. A total of 767
sequences were evaluated. Although DNA
obtained from paraYn embedded archival
brain tissue was generally suitable for PCR, 14
samples repeatedly failed to amplify and were
excluded from all final statistical considera-
tions. Due to the retrospective nature of the
study, we did not have a strict control on the
way that these samples had been handled.
Some of them were more than 10 years old
and, although all had been routinely preserved,
variability in the fixation time may also account
for a higher degradation of the nucleic acid.44

Instability of at least one STR was found in
13/99 (13.1%) tumours and 19/767 (2.47%) of
the analyses. Only four samples (4%) showed
MIN at high frequency (at least 25% of the
loci). Thus, based on our results the replication

Examples of electropherograms exhibiting MIN. (A) D12S391, case G46; (B) D19S394, case M29; (C) D12S391, case G10. The bottom line indicates
size in base pairs. N=normal DNA sample; T=tumour DNA. The subindices 1 and 2 refer to the first and second independent PCRs, respectively.
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error is not likely a causal mechanism in these
tumours. In tables 2–4 we summarise the
results of microsatellite analysis in the present
and other works, although the comparison is
hampered by the diVerent number and type of
STRs screened, as well as the scarce clinical
and histological data provided in some of the
studies.

GLIOMAS

In the present series, ten gliomas (17.9%)
exhibited instability in a total of 11 loci
(2.52%). Only one of them (1.8%) showed
MIN in two STRs and was classified as RER+.
Out of 54 CNS neoplasms of diVerent types,
Wooster et al found MIN in only one glioblas-
toma, which represented the lowest rate of
instability among all the tumours in their
study.8 Lundin et al found no length alterations
at all in their series of gliomas.24 Our data and
those from others, however, indicate that MIN
can be detected in some proportion of gliomas,
the frequency of instability still being very low
when compared with mismatch repair deficient
tumours.19–21 Except for the finding of MIN

positive oligodendrogliomas by Zhu et al,24 all
previously reported MIN+ gliomas are high
grade tumours.8 19–21 This has led to the sugges-
tion that microsatellite instability might be
related to malignant progression and poor
prognosis.19 21 Our results do not support this
hypothesis. In the present study MIN was more
frequent among high grade gliomas, but the
diVerence was not statistically significant. Fur-
thermore, the only MIN+ oligodendroglioma
was a low grade tumour and the only RER+
among our series of gliomas was a low grade
astrocytoma. Therefore, we find the evaluation
of MIN of no prognostic value in these
tumours. By histological type, the rate of MIN
was lower in the oligodendroglioma/
oligoastrocytoma group (7.7%) than among
the astrocytomas (20%), but the diVerence was
not significant. In their first study of 144
primary brain tumours, Zhu et al detected
more frequency of instability among oligoden-
drogliomas. Compared with 3% of astrocyto-
mas, 17.4% of oligodendrogliomas (50% of
anaplastic oligodendrogliomas) exhibited
instability.23 But when the screening was

Table 2 Microsatellite instability in gliomas

Study n Type and grade (n)
STRs
examined Method

MIN+
tumours
(%)

Evaluable
analyses
(n)*

Positive
analyses
(%)*

Wooster et al 19948 32 NS 12 Radioactive 3.1 384 0.26
Dams et al 199519 16 AI(1) A(4) AA(1) GM(10) 17 Radioactive 31 264 1.9
Zhu et al 199623 62 As(33)‡ ODG(15) 5 Radioactive 8.1 720 1.25

AODG(8) GG(6)
Izumoto et al 199720 40 A(5) AA(11) GM(24) 2 Radioactive 18 80 11.25
Zhu et al 199824 25 ODG(16) AODG(9) 132 Radioactive 76 3135 1.4
Lundin et al 199825 26 GM(15)AA(4) AODG(1) 3† Radioactive <3.9 174 <0.45

OA(2) AOA(4)
Mizoguchi et al 199921 31 GM(11) AA(8) AODG(2) 5 Fluorescent 22.6 146 9.6

A(5) GA(1) OA(1)
ODG(1) PA(3)

The present study 56 GM(17)AA(8)A(15)ODG(6)8 Fluorescent 17.9 435 2.52
AODG(1)OA(5)OA(1)PA(1)
PXA(1) AGG(1)

n=Number of cases; NS=not specified; AI=grade I astrocytoma; A=fibrillary astrocytoma (grade II); AA= anaplastic astrocytoma
(grade III); GM=glioblastoma multiforme; As=astrocytoma, grade not specified; ODG=oligodendroglioma; AODG=anaplastic oli-
godendroglioma; OA=mixed oligoastrocytoma; AOA=anaplastic oligoastrocytoma; GG=ganglioglioma; AGG=anaplastic gangliog-
lioma. PA=pilocytic astrocytoma; PXA=pleomorphic xantoastrocytoma; GA=gemistocytic astrocytoma.
‡13 GM, for the other 20 grade was not indicated.
*For those works where these figures were not specifically given, they were calculated considering that all the markers were unam-
biguously interpreted for all the tumours analyzed.
†16 of the samples were analyzed at nine additional loci.

Table 3 Microsatellite instability in meningiomas

Study n Grade (n)
STRs
examined Method

MIN+
tumours (%)

Evaluable
analyses
(n)*

Positive
analyses (%)*

Wooster et al 19948 NS NS 12 Radioactive 0 NE 0
Pykett et al 199422 16† NS 4 Radioactive 25 74 27
Simon et al 199626 44 I(18) II(15) III (11) 33 Silver staining 0 1452 0
Zhu et al 199623 10 NS 5 Radioactive 0 50 0
Kirsch et al 199745 60 NS 8 Radioactive 1.8 480 0.41
The present study 32 I(28) II(3) III (1) 8 Fluorescent 6.3 244 2.04

N=number of cases; NS=not specified.
*For those works where these figures were not specifically given, they were calculated considering that all the markers were unam-
biguously interpreted for all the tumours analyzed.
†14 sporadic meningiomas and two meningioma cell lines.

Table 4 Microsatellite instability in schwannomas

Study n
Type of tumour
(n)

STRs
examined Method

MIN+
tumours (%)

Evaluable
analyses (n)

Positive
analyses (%)

Wooster et al 19948 NS NS 12 Radioactive 0 NS 0
Zhu et al 199623 10 Vestibular (10) 5 Radioactive 0 50 0
The present study 11 Vestibular (9) 8 Fluorescent 18.2 88 3.4

Spinal (2)

N=number of cases; NS=not specified.
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extended to 25 oligodendrogliomas using 132
STRs, only 1.7% of the loci in oligodendroglio-
mas and 1.0% in anaplastic oligodendroglio-
mas showed instability.24 Although all the
MIN+ glial tumours in other studies are astro-
cytomas, in many instances no or a limited
number of oligodendroglial neoplasms were
analyzed.19 21 22 Thus, by contrast with other
cancers,10 11 there is so far no evidence that the
MIN phenotype can diVerentiate histological
subsets of gliomas. There was no association
between MIN and age, sex, or tumour size.
Although we did not find significant diVerences
on comparing the MIN+ and MIN– gliomas
for the duration of clinical course, a lack of
association here cannot be firmly concluded,
given the large SDs.

MENINGIOMAS

Two meningiomas (6.3%) showed instability at
a total of five loci (2.04%). Although both were
grade II tumours, the present series does not
allow us to draw conclusions about the associ-
ation of MIN with tumour grade. One of the
MIN+ tumours (M22), located at the hemi-
spheric convexity, exhibited macroscopic oste-
olitic activity and intense oedema (data not
shown). M29 is a meningioma of the cerebellar
convexity. No diVerences were detected be-
tween MIN+ and MIN− meningiomas for sex,
age, tumour grade, localisation, size, intensity
of peritumourus oedema, and presence of bone
reaction or multiple tumours. The only feature
that diVerentiates these two meningiomas is a
shorter time of clinical course before the diag-
nosis compared with the MIN− group (Mann-
Whitney U test, p=0.017), a feature which
might be interpreted as an indicator of a more
aggressive clinical behaviour, but could also be
an aleatory result due to the few cases. When
comparing the incidence of MIN in meningi-
omas reported in the literature, again, the esti-
mates vary widely. Whereas Pykett et al found
MIN in 25% of the tumours examined and
suggested a previously unrecognised role of this
phenomenon in meningioma formation,22

other researchers did not report any case of
instability among meningiomas.8 26 Our results
are consistent with the findings of Zhu et al and
Kirsh et al, who reported 2.4% and 1.8% of
MIN+ meningeal tumours, respectively.23 45

Together, we interpret these figures as evidence
that microsatellite instability is uncommon in
meningiomas. It is interesting however that,
except for the only meningioma with one
unstable locus in the study by Zhu et al, all the
other MIN+ meningiomas described in the lit-
erature, including the two tumours in the
present series, are unstable at two or more loci.
In gliomas, on the contrary, only 1/10 MIN+
tumours in the present study was unstable at
more than one locus; this might indicate a dif-
ferent molecular basis for MIN in both types of
tumours.

SCHWANNOMAS

We detected two (18.2%) MIN+ schwanno-
mas, one of them (9.1%) at two loci. The glo-
bal rate of instability in these tumours was
3.4%. Ottini et al described 50% of neurofibro-

mas in patients with neurofibromatosis type 1
with MIN,27 but there are no previous reports
on MIN+ schwannomas. Wooster et al, who
evaluated an unspecified number of schwanno-
mas, did not find any case of instability.8 Zhu et
al found no MIN in 10 vestibular schwanno-
mas studied by them.20 Both MIN+ schwanno-
mas in our study are spinal tumours. N3 was
the second resection of a C2 tumour that had
not been irradiated or received any oncological
treatment before. N8 was at L3 and had other-
wise no remarkable features. Thus, spinal
schwannomas could represent a histological
subset with a diVerent molecular pathogenesis,
although this association will need to be
confirmed with more extensive series. Interest-
ingly, there are also reports of association
between RER and the localisation of the
tumour in colon and gastric cancers.5 11

Summary
The comparison of data from independent
studies is not straightforward and may indeed
be diYcult, due to: (a) diVerent number and
type of STRs analysed; (b) unhomogeneous
criteria used to classify a locus as unstable and
a tumour as MIN+ or RER+; (c) the global rate
of instability (percentage of unstable loci out of
total number of loci analysed) is not always
provided; (d) diVerent analysis techniques. The
introduction of automated DNA sequencers is
greatly helping to overcome some of these dif-
ficulties and to standardise the evaluation of
microsatellites for many purposes. The advan-
tages of fluorescence based DNA analysis over
conventional methods for the investigation of
MIN have been previously emphasised.29 30

Compared with manual electrophoresis, the
automated apparatus provides high throughput
and increased accuracy and reproducibility in
the allele size estimation of amplified STRs.
The generalisation of this technique will facili-
tate the establishment of common objective
criteria, facilitate the comparison of data, and
will thus allow a more precise judgment of the
role of MIN in the carcinogenesis of nervous
system tumours.

Although the analysis of microsatellites has
proved a useful tool for the study of hereditary
non-polyposis colorectal cancer (HNPCC),
the evidence for the role of the replication error
phenotype in sporadic cancers is conflicting.
Globally, we found RER+ phenotypes in a
minor subset of tumours. The percentage of
tumours with instability in at least one STR
was <20% and the global rate of instability
<4%. These figures are similar to those
described in other sporadic tumours, with a
low rate of instability.46 On the contrary,
HNPCC and other neoplasms with alterations
of the mismatch repair system characteristi-
cally show a more widespread pattern of
microsatellite alterations, the number of MIN+
tumours being usually above 70% and the ratio
of unstable loci to all investigated loci being
greater than 10%.3 Furthermore, the type of
microsatellites with instability in both groups
of tumours seems to be diVerent. Although
mononucleotide and dinucleotide repeats are
the most commonly aVected STRs in
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HNPCC, longer STRs seem to be the most
often altered in cancers with a low rate of
instability.8 Tetranucleotide repeats were sig-
nificantly more aVected than dinucleotide
repeats in our series. Also the loci examined in
the first study of Zhu et al23 were mostly
trinucleotide or tetranucleotide repeats,
whereas in their second study24 they included
128 dinucleotide and only four tetranucleotide
repeats, which could account for the diVerent
rate of MIN found by these authors in both
investigations. According to this, two mecha-
nisms have been proposed for microsatellite
instability: one, the inactivation of mismatch
repair genes (responsible for the mutator
phenotype seen in HNPCC, with instability in
smaller repeats), and a second, still unclear
mechanism, that would give rise to instability
of trinucleotide and tetranucleotide repeats.
Thus, we conclude that a true mutator pheno-
type is not implicated in the development of
most primary nervous system cancers and that
mismatch repair genes are unlikely to play a key
part in their pathogenesis. However, our results
also point to the possible involvement of this
type of genetic instability in some small
subgroups of gliomas, meningiomas, and
schwannomas, which deserves further assess-
ment with larger series and under the light of
more uniform criteria and methods of analysis.
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