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ABSTRACT
AIm: Meningiomas are one of the most common benign intracranial tumors, making up nearly one third of all primary intracranial tumors. The
majority of meningiomas have benign histological features and total resection is associated with favourable prognosis. Atypical and malignant
meningiomas are associated with increased risk of recurrence. In the present study we set out to investigate the role of nestin mRNA levels
and miR-21 in meningiomas.
MaterIal and Methods: We studied 17 patients with meningiomas that were treated surgically in our institute. Clinical variables that were
analyzed were age, sex and histology. The expression of stem cell marker nestin mRNA levels and miR-21 was investigated in tissue samples
by qRT-PCR.
Results: Considerable levels of both miR-21 and nestin mRNA were found. Atypical and anaplastic meningiomas had higher expression of
both miR-21 and nestin compared to benign tumors. Furthermore, a trend towards a positive correlation between miR-21 and nestin mRNA
levels was also found.
ConclusIon: Increased miR-21 and nestin mRNA levels were found in anaplastic meningiomas, in which recurrence is common, and the role
of miR-21 and Nestin in meningiomas therefore warrants further investigation.
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ÖZ
AMAÇ: Menenjiyomlar en sık görülen benign intrakraniyal tümörlerdendir ve tüm primer intrakraniyal tümörlerin neredeyse üçte birini
oluştururlar. Menenjiyomların çoğunda benign histolojik özellikler mevcuttur ve total rezeksiyon olumlu bir prognozla ilişkilidir. Atipik
ve malign menenjiyomlar artmış nüks riskiyle ilişkilidir. Çalışmada, menenjiyomlarda nestin mRNA seviyeleri ve miR-21 rolünü incelemeyi
amaçladık.
YÖNTEM ve GEREÇLER: Enstitümüzde cerrahi tedavi gören 17 menenjiyom hastasını inceledik. Analiz edilen klinik değişkenler yaş, cinsiyet ve
histolojiydi. Kök hücre işareti nestin mRNA seviyeleri ve miR-21 ekspresyonu doku örneklerinde qRT-PCR ile incelendi.
BULGULAR: Hem miR-21 hem nestin mRNA düzeyleri önemli bulundu. Atipik ve anaplastik menenjiyomlarda benign tümörlere göre hem
miR-21 hem nestin ekspresyonu daha yüksekti. Ayrıca miR-21 ve nestin mRNA seviyeleri arasında pozitif korelasyon açısından bir eğilim de
bulundu.
SONUÇ: Nüksün sık görüldüğü anaplastik menenjiyomlarda artmış miR-21 ve nestin mRNA seviyeleri bulundu. Menenjiyomlarda miR-21 ve
nestin rolünün daha ileri incelenmesi gerekir.
ANAHTAR SÖZCÜKLER: miR-21, Nestin, Menenjiyom, Nüks
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Introduction
Meningiomas are one of the most common benign intracranial
tumors, making up nearly one third of all primary intracranial
tumors. (2,23). Intracranial meningiomas are more common
in women than men and usually occur in patients aged 5060 years. About 2-3% of the population has been reported
to have an incidental meningioma (18). Even if the majority
of meningiomas have benign histological features and
complete removal is associated with good prognosis, atypical
and malignant meningiomas constitute nearly 6% and 2% of
cases, respectively, and have been linked with increased risk
of recurrence (1, 13, 14).
Nestin was first described as a neuronal stem cell marker and
constitutes a class VI intermediate filament protein (9,19).
Nestin has been found to have higher expression levels in
malignant gliomas compared to low-grade tumors (11).
MIRN21 (miR-21) was among the first microRNAs reported.
MiR-21 has been implicated in several malignant tumors and
most of its targets are tumor suppressors (12). In the present
study we set out to investigate the role of nestin mRNA levels
and miR-21 in meningiomas.
Material and Methods
We studied 17 patients with meningiomas that were treated
surgically in our institute. Clinical variables that were analyzed
were age, sex and meningioma’s histology. The expression
of stem cell marker nestin mRNA levels and miR-21 was
investigated in tissue samples.
Tissue Collection, DNA, RNA Isolation
Tissue samples were collected and stored in -800C. Total RNA
was isolated using the miRNeasy extraction kit (Qiagen, GmbH,
Germany) according to the manufacturer’s instructions.
Quantitative RT-PCR
Quantitative RT-PCR was used to access the expression of
the microRNA miR-21 and the nestin (NES) gene. The levels
of the RUNU1 and β2 microglobulin (B2M) transcripts were
also measured as reference genes. Total RNAs were reverse
transcribed in a 20 μl reaction using the miScript Reverse
Transcription Kit (Qiagen). The cDNA was subjected to real
time quantitative PCR using the QuantiTect SYBR Green
kit (Qiagen) for both miR-21 (MS00009086) and RNU1A
(MS00013986) microRNAs using primer sets obtained from
Qiagen and the recommended PCR conditions. For NES, and
B2M gene transcripts, SYBR Green qPCR was applied using
the primers and PCR conditions described in Table I. All PCR
amplifications were performed in 20 μl reaction, containing 1X
Platinum SYBR Green Quantitative PCR Super mix (Invitrogen,
Carlsbad, California, USA), and 5 pmol of each primer. The
qPCR results for all the genes were calculated using the relative
quantification method with the use of RelQuant software
(Roche Molecular Biochemicals, Mannheim, Germany) and
expressed as the ratio of target gene/reference gene.
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Statistical Analysis
Pearson’s correlation coefficient was used to correlate
between continuous variables. To investigate whether tumor
grade correlate’s with nestin and miR-21 expression we used
Mann-Whitney test. A two-sided P value < 0.05 was considered
statistically significant.
Results
There were 5 males and 12 females (mean age 60.3±16.3,
range 23 to 80 years). Two meningiomas were anaplastic
(Grade III, WHO), four were atypical (Grade II, WHO) and the
remaining eleven meningiomas were benign (Grade I, WHO).
The mean miR-21 relative expression value was 14.18±44.6.
Anaplastic and atypical meningiomas had higher miR-21
expression compared to benign tumors but the difference
was not statistical significant (3.01 vs. 0.058, p=0.3 and 1.79
vs. 0.058, p=0.9 respectively). The mean nestin relative mRNA
level was 0.05±0.08. Anaplastic and atypical meningiomas
had higher nestin mRNA levels compared to benign tumors
but the difference was not statistical significant (0.013 vs.
0.0094, p=0.5 and 0.014 vs. 0.0094, p=0.9 respectively). Using
Pearson’s correlation coefficients a trend was found but not
a significant correlation between miR-21 and nestin mRNA
levels (r=0.425, p=0.1).
Discussion
The present study showed considerable expression of both
miR-21 and nestin mRNA levels in meningiomas. Atypical
and anaplastic meningiomas had higher expression of both
miR-21 and nestin compared to benign tumors. Furthermore,
a trend towards a positive correlation between miR-21
and nestin mRNA levels was also found. To the best of our
knowledge to date no previous study has evaluated the
expression of miR-21 in meningiomas.
Meningiomas constitute in the majority of cases benign
tumors, however their growth potential varies. Some remain
unaltered in size for a long period, while others tend to grow
fast (10). Surgical resection remains the treatment mainstay
(1, 24). In benign meningiomas total excision is associated
with favorable prognosis, provided that complete tumor
excision has been performed. Nevertheless, a significant
risk of recurrence has been reported, even after complete
meningioma resection with excision of the dura and affected
bone (16). Thus, even among benign meningiomas prognosis
Table I: Primer Sequence and PCR Conditions

primer
Nestin F
Nestin R
B2MF
B2MR
Musashi F
Musashi R

sequence
cag cgt tgc aac aga ggt tgg
tgg cac agg tgt ctc aac ggt ag
atc ttc aaa cct cca tga tg
acc ccc act gaa aaa gat ga
tgt cac gtt tga gag cga gga cat
Cat tgg tga agg ctg tgg caa tca

Tm
630C
540C
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may be different (8, 23). On the contrary, recurrence is
very common in malignant meningiomas, even after total
resection (13, 21). Thus, assessment of tumor’s biological
behavior could serve as an important prognostic factor.
MicroRNAs (miRNAs) are a recently discovered family of
genes encoding small RNA molecules that can affect gene
expression (5). A potential role for miRNAs in malignancy
has been suggested. The miR-21 has been reported to be
overexpressed in several tumors and may be a promising
clinical biomarker and for possible therapeutic targeting
(6). Markedly elevated miR-21 levels have been found in
glioblastoma (7). Recently, Hermansen et al. reported that
miR-21 is located in both tumor cells and tumor blood vessels
and that its level in the tumor cell has unfavorable prognostic
value in gliomas (7). To the best of our knowledge no previous
study has evaluated miR-21 in meningiomas. Herewith, we
found that atypical and malignant meningioma had higher
miR-21 levels than benign meningioma. Recently, Zhi et al.
reported that downregulation of miR-29c-3p and miR-219-5p
was associated with advanced clinical stages of meningioma.
Apart from that, increased expression of miR-190a and low
expression of miR-29c-3p and miR-219-5p was associated
with an increased recurrence risk in meningioma patients
(25). miR-335 has been also found elevated in meningiomas.
Shi et al. reported that miR-335 plays a pivotal role in the
proliferation of meningioma cells, since it is involved in the
Rb1 signaling pathway (20).
Nestin is a class six intermediate filament protein that
is expressed, apart from central nervous system (CNS)
development, also in CNS tumors (22). Nestin is expressed in
stem cells of the subventricular zone and to a lower degree
in the choroid plexus of the normal brain (17). Abundant
immunopositivity for nestin has been reported in malignant
CNS tumors (3). Pilocytic astrocytomas demonstrated low
nestin expression (3) Recently, Arai et al. found nestin a
useful marker for diagnosis of high-grade gliomas and
schwannomas. Furthermore, nestin expression was related to
poor prognosis in high-grade gliomas (4). In ependymoma,
nestin positivity was found to be an independent marker for
short progression-free survival and overall survival (15). To
the best of our knowledge no previous study assessed the
nestin expression in various meningioma grades. The results
showed that atypical and anaplastic meningiomas had higher
expression of nestin compared to benign tumors.
The present study has several limitations. The first is the
limited number of patients that were evaluated. Furthermore,
only qRT-PCR was performed in tumor tissue. Nevertheless,
increased miR-21 and nestin mRNA levels were found in
anaplastic meningiomas, in which recurrence is common,
and thus they might have a prognostic significance. The role
of miR-21 and nestin in meningiomas thus warrants further
investigation.
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