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Summary

The WHO categorises tumours based on their histological properties; however, this
classification falls short of understanding their biological behaviours. Recently, there has been
an increase in the number of studies on extracellular matrix components with the aim of
understanding the biological behaviours of tumours. MMP-11 is a metalloproteinase from the
MMP family that has a different expression pattern, mechanism of action, and substrate range
compared with the other members of this family.

Of the 55 benign meningioma cases examined, 29 were transitional, 16 were meningothelial,
and 8 were fibroblastic in nature. In the meningotheliomatous cases, the MMP-11 expression
score was high (75%), whereas it was low in the fibrous cases (87.5%). The Ki-67 levels in
the cases with high MMP-11 expression scores were significantly higher than those of cases
with low MMP-11 expression scores. Although there was no statistically significant
correlation between recurrence and the MMP-11 expression score, 5 out of 7 cases with
recurrence were found to have high MMP-11 expression scores.

According to our study, MMP-11 is expressed in Grade I meningiomas. The level of MMP-11
expression appears to be high in the meningotheliomatous tumours and low in the fibrous
subtypes. The tumours with a high level of MMP-11 expression also demonstrated high Ki-67
values.
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Benign Meningiomalarda MMP-11 Ekspresyonu
Ozet

WHO simiflamasi tiimorlerin histolojik 6zellikleri degerlendirilerek yapilan bir siniflama olup,
onlarin biyolojik davranislarinin anlasilmasinda yetersiz kalmaktadir. Son zamanlarda
tiimorlerin biyolojik davraniglarin1 gosteren ekstraselliiler matriks komponentleri ile ilgili
calismalarin sayis1 artmaktadir. MMP-11; MMP ailesi iiyesi olan bir metalloproteinaz olup
diger aile liyelerinden etki mekanizmasi,subtrat yelpazesi,ve ekspresyon paterni bakimindan
farklilik gosterir. Calismamizda; 55 benign meningioma olgusu incelendi.Bunlarin 29' u
transisyonel,16' s1 meningotelyamat6z,8' 1 fibroblastik alttipte idi. Meningotelyamatoz
olanlarda MMP-11 ekspresyon katsayisinin yiiksek(%75), fibroblastik olanlarda diisiik
(%387.5) oldugu tespit edildi. Ki-67 diizeyi MMP-11 ekspresyon katsayis1 yiiksek olgularda
anlamli derecede yliksek iken digerlerinde diisikk bulundu. Rekurrens gosteren olgularda
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istatistiksel olarak anlamli sonug¢ ¢ikmasa da, rekurrens gdsteren 7 olgunun 5'inde MMP-11
ekpresyon katsayis1 yiiksekti. Bu ¢alimaya gore Grade I meningiomalarda MMP-11 eksprese
edilmektedir. MMP-11 ekpresyonu meningotelyamatdz tiimorlerde daha yiiksek iken
fibroblastiklerde diisiiktiir. MMP-11 ekspresyonu yiiksek tiimorlerde Ki-67 ekspresyonu da

yiiksektir.

Anahtar Kelimeler: Meningioma, MMP11, Extracellular Matrix

INTRODUCTION

Meningiomas are the most common
tumours of the CNS (central nervous
system), comprising 34% of all primary
CNS tumours”. The female to male ratio
is 2:1. Although it has not been
definitively proven, these tumours are
thought to arise from arachnoid cap cells.
These cells are located in the outer layer
and villi of the arachnoid membrane. They
share several similarities with meningioma
cells"®. Meningiomas have been classified
into various histologic subtypes, the most
common of which are meningothelial,
transitional, and fibrous forms"'”. The
meningotheliomatous subtype is comprised
of lobules separated by thin collagen
septae, whereas the fibrous subtype
presents with fusiform tumour cells
generally embedded in a dense collagen
stroma. The transitional subtype falls
between these two forms'”. The WHO
(World Health Organization) recognises
three histological tumour grades. The
grading system reflects histological
characteristics; however, it falls short of
demonstrating the biological behaviour of
tumours'”. Benign meningiomas show
recurrence in 7-20% of cases despite total
resection'”. Some of those cases may
show extracranial metastasis or multiple
recurrences''. The WHO classification,
which is particularly inadequate for the
identification of benign tumours with
recurrence despite the revisions performed
in 2007, has underscored the importance of
markers such as Ki-67 and PR
(progesterone receptor), although these
markers are not included in the related
criteria®. Therefore, studies have focused
on the molecular differences of the
meningioma subtypes, the migration of
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neoplastic cells, and angiogenesis and have
revealed the critical roles of serine,
cysteine, and matrix metalloproteases
(MMPs) in  cell migration and
angiogenesis'"”. These markers have been
investigated to understand the behaviour
patterns of meningiomas.

The extracellular matrix (ECM) is a
dynamic structure that determines tissue
functions. This complex organisation plays
a critical role in the pathogenesis of many
diseases and a multitude of physiological
events. MMPs are proteases within the
structure of the extracellular matrix. MMP-
11, or stromelysin-3, is a member of the
zinc-dependent  endopeptidase  family
known as matrix metalloproteinases, which

are involved in extracellular matrix
degradation’”. The MMP-11 gene was
first identified in invasive breast

carcinomas®. Unlike other MMPs, it is
secreted in an active form. This protein
takes part in tissue remodelling and tumour
progression'”. It has been shown to be
expressed in invasive malignant epithelial
tumours of the breast, colon, lung, head
and neck, skin, and bladder. It is also
expressed in some colonic adenomas and
laryngeal dysplastic lesions, which have
the potential to become malignant.
Therefore, it is hypothesised that MMP-11
might be an invasion marker"”.

In this study, we evaluated the three most
common subtypes of benign meningiomas.
We measured the MMP-11 expression
levels in these tumours and investigated

any relationship between MMP-11
expression and the Ki-67 proliferation
index, clinical and pathologic

characteristics, histologic subtypes, tumour
localisation, and survey.
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MATERIAL AND METHODS

Fifty-three meningioma cases from the
Goztepe Teaching and Research Hospital
that received surgery and were determined
to be benign were included in this study.
The pathological materials and clinical
records of the cases were acquired. After
obtaining sections stained with
hematoxylin and eosin from specimens
embedded in paraffin from the Pathology
Laboratory of the Institute of Neurological
Sciences at Marmara University, the
meningioma subtypes were determined
based on the WHO classification criteria.
Immunohistochemical staining was
performed using MMP-11 and Ki-67
antibodies on specimens taken from the
block representing the tumour.

Immunohistochemistry

Immunohistochemistry was performed in
the Pathology Laboratory of the Institute of
Neurological ~ Sciences at  Marmara
University. Sections (4 pm thick) were
placed on 3-aminopropyl ethylene-covered
slides and deparaffinised at 60 °C for 1 h.
The slides were dewaxed in xylene and
dehydrated in 96% alcohol. Then, the
sections were immersed in 10 mmol/L
citrate buffer (pH 6.0) and dried in a
microwave for 20 min for antigen retrieval.
The slides were cooled to room
temperature and rinsed in phosphate-
buffered saline (PBS). The endogenous
peroxidase activity was blocked by
pretreatment with 3% H,0O,/distilled water
for 20 min at room temperature. After a
thorough washing with PBS, blocking
solution (Lab Vision Co., Fremont, CA,
94539) was applied to inhibit nonspecific
antibody binding. The sections were
incubated with primary antibodies against
mouse MMP-11 (TaKaRa Bio Inc, Shiga,
Japan, clone  ONI-1, 8 pug/ml
concentration) and rabbit Ki-67
(monoclonal, NeoMarkers Inc, Fremont,
USA, clone SP6, ready to use) for 1 h at

RT. After a 10-min rinse in PBS,
biotinylated goat anti-polyvalent
immunoglobulin  (Lab  Vision Co.,
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Fremont, CA, 94539) and a streptavidin-
biotin peroxidase complex were applied at
room temperature for 20 min each.
3,3'Diaminobenzidine (DAB) chromogen
was used to visualise the antigen-antibody
binding. The slides were counterstained
with hematoxylin, dehydrated, cleared in
xylene, and coverslipped with Entellan.

Immunohistochemical Analysis
Ki-67

The immunohistochemical hot spots
(significantly ~ stained  areas)  were
determined under light microscopy at 100x
magnification by scanning the entire
tumour field. The neoplastic cells in these
hot spots were counted under 1000x
magnification. The staining index was
calculated as the percentage of the
neoplastic cells with nuclear staining
relative to the total number of neoplastic
cells over the same area.

MMP-11

The immunostaining for MMP-11 was
evaluated according to both the staining
intensity and the frequency of tumour cells.
Ten representative fields were evaluated.
The staining intensity was scored as 0 for
no staining, weak staining (1), medium
staining (2) and strong staining (3). The
frequency of MMP-11 immunostaining
was also scored as 0 when no staining of
the tumour cells was observed, as 1 when
less than 1-10% of the tumour cells were
stained, as 2 when 10-50% of the tumour
cells were stained, as 3 when 50-75% of
the tumour cells were stained, and as 4
when more than 75% of the tumour cells
were stained. The total
immunohistochemical score was
determined as the sum of the frequency
and intensity scores for tumour cells. The
results obtained from these two evaluations
were multiplied by each other to calculate
a single immunohistochemical score. The
median value of the acquired results was
set as the cut-off value. The cases with a
score below 6, which was the cut-off value,
were categorised as having a low
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expression score, while the ones with a
score above 6 were categorised as having a
high expression score (Table 1).

Statistical Analysis

In this study, any relationship between the
meningioma subtype, WHO grade, Ki-67
expression, recurrence parameters, degree
of MMP-11 staining or percentage of
immunopositive areas and the expression
score was investigated.

The statistical analyses were performed
using the SPSS (Statistical Package for
Social ~Sciences) 10.0 program for
Windows. While analysing the study data,
descriptive statistics (mean and standard
deviation) and the Kruskal-Wallis test (for
the comparison of more than 2 groups for
non-normally distributed parameters) were
employed. The comparison of normally
distributed parameters between two groups
was carried out using Student's t-test,
whereas the comparison of non-normally
distributed parameters between two groups
was performed using the Mann-Whitney
U-test. The quantitative data were
compared using a chi-square test and
Fisher's exact chi-square test. The results
were evaluated within a 95% confidence
interval.  p<0.05  was  considered
statistically significant.

RESULTS
Patients and Follow-up

The present study included 53 patients: 37
females and 16 males. The average age at
diagnosis was 54.9£14.10 y. Clinical
follow-up data for a period of up to 72
months were obtained for 52 patients. The
mean follow-up time was 37.53 months
(range: 3-72 months). During this period, 3
patients died and 10 recurrences were
detected in 7 patients. All of these
meningiomas were Grade 1. The
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histological  diagnosis was  defined
according to the new WHO classification:
29 tumours were transitional, 16 were
meningotheliomatous, and 8  were
fibrous(Table 1).

Immunosuppression of MMP-11 and Ki-
67 in Meningiomas

Among our cases, 45.5% had low MMP-11
immunohistochemical scores, while 54.4%
had high scores. A review of the cases with
low scores revealed that 7 cases were
fibrous, 4 cases were
meningotheliomatous, and 14 cases were
transitional. In the cases with a high
immunohistochemical score, 1 case was
fibrous, 12 cases were
meningotheliomatous, and 15 cases were
transitional. The MMP-11 score was
observed to be high in 12.5% of the fibrous
subtypes, in 51.7% of the transitional
subtypes, and in 75.0% of
meningotheliomatous subtypes (Graphic
1). Five (71.4%) of the 7 recurrence cases
and 25 (52.1%) of the 48 cases without
recurrence had high MMP-11 expression
scores. The mean Ki-67 proliferation index
in the cases with low MMP-11 expression
scores was 1%, whereas it was 3.25% in
cases with high MMP-11 expression
scores. There was a statistically significant
relationship  between the MMP-11
expression score and the tumour subtypes
(p<0.05). The MMP-11 expression score
was high (75%) in meningotheliomatous
cases and low (87.5%) in fibrous cases.
The Ki-67 levels in cases with high MMP-
11 expression scores were significantly
higher than the Ki-67 levels in cases with
low MMP-11 expression scores (p>0.05)
(Graphic 2). There was no statistically
significant difference between the MMP-
11 expression scores and recurrence
(p>0.05) (Table 2).
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Table 1: Demographic information, number of recurrent cases showing MMP-11 staining,

the degree of enhancement, and the MMP-1 index

CASE
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AGE
36
56
79
71
50
63
39
70
60
62
57
48
39
68
59
63
11
39
56
50
74
45
54
54
71
75
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52
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38
19
75
53
51
70
70
43
74
45
48
60
50
66
35
66
43
65
66
50
56
66
42
67
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Fibroblastic
Fibroblastic
Fibroblastic
Fibroblastic
Fibroblastic
Fibroblastic
Fibroblastic
Fibroblastic
Meningothelial
Meningothelial
Meningothelial
Meningothelial
Meningothelial
Meningothelial
Meningothelial
Meningothelial
Meningothelial
Meningothelial
Meningothelial
Meningothelial
Meningothelial
Meningothelial
Meningothelial
Meningothelial
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
Transitional
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Transitional
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Transitional

Ki-67
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%2.5
<%l
0

0
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%1
%3
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%25
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* MMP-11 intensity score X MMP-11 frequency score
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Table 2: Percentage of Ki-67 and MMP-11 Expression by Sub-Type and Recurrent Asset
Coefficient Evaluation

Expression of MMP-11 Coefficient (Index)

Low High p
(meanzSD) (meanzSD)
_ _ 2,75+5,06 3,77+331 Z:-2,403
Percentage of Ki-67 (Median)
(1) (3,25) p:0,016%
n (%) n (%)
Meningothelial 4 (% 25,0) 12 (% 75,0)
. : . 1:8,392
subtype  Fibroblastic 7 (% 87,5) 1(% 12,5)
. p:0,015%
transitional 14 (% 48.3) 15 (% 51,7)
Recurre  Y®€S 2 (% 28,6) 5(% 71,4) Fy
nce no 23 (% 47,9) 25 (% 52,1) p:0,436
Z: Mann-Whitney U test i Chi-square Test Fy': Fisher's Exact Test
*p <0.05
' ;
A

Figure 1: la, Strong MMP-11 expression in a grade 1 psammomatous meningioma (MMP11x200); 1b,
contrast-enhanced computed tomography of the axial section of a left frontal lobe meningioma.
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B

Figure 2: 2a, Strong MMP-11 expression in a grade 1 meningothelial meningioma (MMP-11, x 200); 2b, an
MRI contrast-enhanced axial T1-section of a meningioma located in the left temporal lobe.

Figure 3: 3a, Moderate MMP-11 expression in a grade 1 transitional meningioma (MMP-11, x 200); 3b, an
axial cross-section contrast-enhanced T1 MRI of an intraventricular meningioma.
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Graphic 2: Ki-67 Percentage Distribution by the Expression Level of MMP-11

DISCUSSION
Benign  meningiomas may  exhibit
recurrence, give rise to extracranial

metastasis, or present with multicentric
characteristics. The most important factors
involved in recurrence are tumour
histology and the extent of surgical
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resection. In addition, the extracellular
matrix ultrastructure of the tumour is
believed to play a significant role.
Tumours with similar morphologies may
exhibit different ECM components. In
particular, MMPs, members of the
metalloproteinase family, play important
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roles in many physiological and
pathological activities and are known to
induce tumour growth and facilitate

metastasis'”.

This study shows that benign meningiomas
express MMP-11 and that this expression
is particularly high in cases with
recurrence. In 7 cases of recurrence, 5 had
a high expression index. Furthermore, the
MMP-11 index and Ki-67 levels showed a
significant correlation. While the mean Ki-
67 value in cases with a low MMP-11
index was 1%, the Ki-67 value was 3.25%
in cases with a high MMP-11 index. This
observation may suggest that MMP-11 can
be a marker of benign meningiomas with
an aggressive course. Unsurprisingly,
MMP-11 is noted as a potential marker for
pre-invasive lesions in the relevant
literature (20, 13, and 21). MMP-11 is
hypothesised to play a role in tumour
progression via pathways that are different
from those of other metalloproteinases. It
has also been reported that MMP-11 is not
involved in the degradation of major ECM
components and has no ability to bind to

ECM  proteins, such as laminin,
fibronectin, and elastin'®. Unlike other
MMPs, MMP-11 is activated in the

cytoplasm and excreted in the activated
form. Kim et al. noted that MMP-11 has a
significant role in tissue remodelling,
adding that the common ground of
embryonic development, wound healing,

tumour invasion, and dermatofibroma
pathogenesis is extensive tissue
remodelling®.

Boulay et al. found that MMP-11 caused
no neoangiogenesis or proliferation of
malignant cells in tumours; however, they
showed that MMP-11 caused tumour
progression by reducing malignant
epithelial cell death™. Various studies
have shown that MMP-11 is expressed at a
higher rate in the B-cells of the immune
system, which includes substrates such as
ILGFBPI, a-2-macroglobulin, and
casein®®'V. In the study by Perret et al.,
MMP-11 was  mentioned as a
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metalloproteinase that is expressed in
atypical meningiomas and is regarded as a
potential marker of tumour invasion">'?.
In our opinion, there may be a relationship
between the distinctive effects of MMP-11
and its expression in benign lesions, or the
invasion may cause the benign tumour to
take an aggressive course, which might
have different mechanisms than those in
malignant tumours. As mentioned by
Boulay and Kim™”, the problem in benign
lesions with an aggressive course may be
the decreased apoptosis of tumour cells.
Therefore, we believe that MMP-11
expression in benign lesions could also be
a marker for histopathologically benign
tumours exhibiting an aggressive clinical
course.

In our study, MMP-11 was observed to
have a particularly high expression rate in
the meningotheliomatous subtypes. In the
relevant literature, MMP-11 has been
noted to be of mesenchymal origin and is
expressed by fibroblasts adjacent to the
epithelial or tumour cells""*®. Perret used
this opinion to explain the fibrous nature of
the only MMP-11-positive case in his
series and associated it with the
mesenchymal origin of MMP-11".
Naturally, we do not have a completely
different opinion; however, because our
study exhibited a high rate of expression in
cases with a meningotheliomatous subtype
and given that 11 of the 13 cases in Perret's
study'” were a meningotheliomatous
subtype, we believe that MMP-11 and the
meningotheliomatous subtype may be
associated. In fact, these results suggest
that there are significant ultrastructural
differences between the two main
meningioma subtypes and that the
mechanism of action and substrates of
MMP-11 have yet to be determined, unlike
those of other MMPs. In this study, similar
to the results reported by Perret, we
observed that MMP-11 was expressed in
both tumour and stromal cells"”. Unlike
our study, Wolf reported that MMP-11 was
expressed in fibroblasts adjacent to the

neoplastic cells®".
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The fibroblastic and meningotheliomatous
subtypes have different matrix
components, which suggests that these
meningioma subtypes may originate from
different cell types. This difference may
help us to understand the developmental
mechanisms and clinical courses of those
tumours.

Furthermore, we evaluated MMP-11
expression by establishing a staining index
based on the degree of staining and the
percentage of stain-positive areas. We
believe that this index may prove to be
beneficial in the comparison of
immunohistochemical studies performed in
different centres at different times.

In conclusion, there are significant
ultrastructural differences between the two
main subtypes of meningiomas. The
morphological classification is  not
sufficient for predicting the clinical course
of meningiomas. Although MMP-11 is an
indispensable proteinase in tumour growth,
its mechanism of action and substrates are
still not clear. However, it is obvious that
they are different from those of other
MMPs. Benign meningiomas express
MMP-11, and this expression rate is higher
in cases with the meningotheliomatous
subtype, recurrence, or an elevated
proliferative index.
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