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Abstract

Background: Meningiomas are one of the most common primary brain tumors and
the most common intradural spinal tumors. Vascular endothelial growth factor has been
demonstrated to play an important role in the stimulation of angiogenesis in many types
of cancers. Agents that block the vascular endothelial growth factor pathway, such as
bevacizumab, have the capability to decrease vascular permeability. The aim of this
study is to evaluate vascular endothelial growth factor expression in meningioma
patients.

Methods: This retrospective, cross-sectional study used an immunohistochemical
method to assess vascular endothelial growth factor expression in meningioma. We
randomly chose 83 paraffin-embedded tissue blocks of meningiomas diagnosed during
2015 from the files of the Pathology Laboratory of Al-Zahra Hospital, affiliated with
Isfahan University of Medical Sciences, Iran.

Results: All of the meningioma samples (100%) were vascular endothelial growth
factor-immunoreactive. There was a vascular endothelial growth factor score of 1 in
6 (7.2%) cases, a score of 2 in 54 (65.1%) cases, and score of 3 in 23 (27.7%) cases.
A correlation existed between vascular endothelial growth factor score and tumor grade.
However, there was no correlation between vascular endothelial growth factor score
and age and sex of patients.

Conclusion: Our study demonstrated a significant role of vascular endothelial
growth factor expression in the pathogenesis of peritumoral brain edema in low- and
high-grade meningiomas as well as in recurrence or malignant transformation. Thus,
anti-vascular endothelial growth factor agents such as bevacizumab might be useful
as a treatment of this condition.
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Introduction

Meningiomas are one of the most common
primary brain tumors and one of the most common
intradural spinal tumors. Hospital-based series
have reported that approximately 20% of all
primary brain tumors are meningiomas; however,
autopsy reports are closer to 30%. Despite the
large majority that are categorized as benign
lesions, there is a great variation in histology,
recurrence rates, aggressiveness, symptoms, and
survival outcomes.!> Meningiomas are
conventionally divided into three groups: benign
(grade 1), atypical (grade II), and malignant or
anaplastic (grade III). The 2007 World Health
Organization (WHO) classification of tumors of
the central nervous system (CNS) lists 16 various
subtypes of meningioma, divided into 3 grade
categories (Table 1). Grade I tumors account for
approximately 70%-80% of meningiomas,
whereas grade II accounts for 19%-27%, and
grade III accounts for 1%-3% of meningiomas.>*

Angiogenesis is dependent upon the balance
between angiogenic and anti-angiogenic
regulators. Vascular endothelial growth factor
(VEGF) has been demonstrated to play an
important role in the stimulation of angiogenesis
in many types of cancers.’”” Most brain tumors
over secrete VEGF which leads to an impaired
permeable tumor vasculature. This hyper
permeability permits fluid to leak from the

VEGF Expression in Meningioma and Tumor Grading

intravascular space into the brain parenchyma,
which causes vasogenic cerebral edema and
increased interstitial fluid pressure. Agents that
block the VEGF pathway (such as bevacizumab)
have the capability to decrease vascular
permeability. More than 50 years after the
introduction of corticosteroids for the treatment
of vasogenic cerebral edema, vascular
normalization by anti-VEGF agents are promising
as efficient therapeutic mechanisms for
progression and recurrence of brain tumors.®?

A few studies have reported the relationship
between meningioma and VEGF expression, with
different results. Despite the higher vascularity
encountered in high-grade tumors, the correlation
between histological grade and VEGF expression
in meningiomas is not as clear. The aim of this
study is to evaluate VEGF expression in
meningiomas. We also have assessed the
correlation between tumor grade and VEGF
expression by immunohistochemical (IHC)
methods.

Materials and Methods
Case selection

This retrospective, cross-sectional study used
an IHC method to assess VEGF expression in
meningiomas. We randomly selected 83 paraffin-
embedded tissue blocks of meningiomas
diagnosed during 2015 from the files of the

Figurel. A) Meningothelial cells arranged in whorling pattern [hematoxylin and eosin (H&E); 100x]. B) Vascular endothelial growth

factor (VEGF) expression in meningioma [Immunohistochemical (IHC) staining; 400x].
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Tablel. Meningioma subtypes and grades according to the 2007 World Health Organization (WHO) classification.!2

WHO grade Histological subtypes

I Meningothelial, fibroblastic, transitional, psammomatous, angiomatous, microcystic, secretory,
lymphoplasmacytic, metaplastic

I Atypical, chordoid, clear cell, brain invasive

1T Anaplastic, papillary, rhabdoid

Pathology Laboratory of Al-Zahra Hospital,
affiliated with Isfahan University of Medical
Sciences, Iran. The Ethics Committee at Isfahan
University of Medical Sciences, Isfahan, Iran
approved this study (Approval code: 394146).

Study design

In this retrospective cross-sectional study, we
defined the inclusion criteria as: (1) paraffin-
embedded blocks of meningioma which had
adequate tissue to section and (2) cases of
meningioma for which clinical data were available.

Immunohistochemistry for vascular endothelial
growth factor (VEGF)

Initially, we obtained and reviewed the archived
hematoxylin and eosin (H&E) stained slides of the
meningiomas to determine their histological
subtypes and grades according to the 2007 WHO
classification. Subsequently, IHC staining was
performed as follows.!%!! We prepared 3-pm
thick sections from each paraffin block. Next,
the sections were dewaxed and rehydrated in a
graded alcohol series. For antigen retrieval, we
applied a heat-induced method. Endogenous
peroxidase activity was blocked using H,O, 3%.

The slides were incubated with anti-VEGF
antibody (mouse monoclonal antibody against
VEGF-189 isoform, Clone VG1, Dako) at room
temperature. The slides were incubated with
EnVision polymer for 30 min at room temperature.
The slides were treated with DAB chromogen

followed by counterstaining and dehydration.
Intervening washing was carried out (Washing was
done) with tris-buffered saline (pH 7.6).

Statistical analysis

The mounted slides were assessed by two
pathologists. The results were recorded and
analyzed by SPSS-22 software. P-values less than
0.05 were considered to be significant. For
interpretation of VEGF immunoreactivity, we
used the latest scoring system (Table 2).

Results

In the present study we enrolled 83 patients (56
males and 27 females) with meningioma. The
mean age of cases was 59.6 years (range: 14 to 91
years). There were 62 (74.7%) grade I tumors, 18
(21.7%) grade II tumors, and 3 (3.6%) grade III
tumors (Table 3).

The most common subtypes of meningioma
were transitional (38.6%), fibroblastic (15.7%),
and atypical (16.9%).

All meningioma samples (100%) were VEGF-
immunoreactive. A total of 6 (7.2%) of the samples
had a VEGF score of 1, 54 (65.1%) had a score
of 2, and 23 (27.7%) had a score of 3 (Figure 1).
There was a correlation between VEGF score
and tumor grade (r=0.2, P=0.03). However, there
was no correlation between VEGF score and age
and sex of patients (P=0.83).No significant association
existed between VEGF score and the tumor subtypes.
Table 4 lists the tumor characteristics.

Table 2. Vascular endothelial growth factor (VEGF) immunoreactivity scoring system.

Score 0 Negative

Score 1 Weak reaction in less than 10% of tumor cells.

Score 2 Weak to moderate reaction in 10%-50% of tumor cells.

Score 3 Strong or moderate intensity in more than 50% of tumor cells.
290
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Table 3. Vascular endothelial growth factor (VEGF) staining score for each grade of meningioma.

VEGEF score WHO grade I WHO grade IT WHO grade IIT
Percent Number Percent Number  Percent Number

1 9.7 6 0 0 0 0

2 66.10 41 72.2 13 0 0

3 24.2 15 27.8 5 100 3

Total 100 62 100 18 100 3

WHO: World Health Organization.

Discussion

The human VEGF gene, located on
chromosome 6q21.3, contains 8 exons separated
by 7 introns. Alternative exon splicing results in
generation of 6 different isoforms — VEGF-121,
VEGF-145, VEGF-165, VEGF-183, VEGF-189,
and VEGF-206. The antibody labels the VEGF-
121, VEGF-165, and VEGF-189 isoforms of
VEGF. Most brain tumors oversecrete VEGEF,
which leads to an abnormally permeable tumor
vasculature. This hyper permeability lets fluid to
leak from the intravascular space into the brain
parenchyma that causes increased interstitial fluid
pressure and vasogenic cerebral edema.® A positive
correlation between VEGF and edema has been
found in a number of previous studies. VEGF is
a regulator of vasculogenesis, angiogenesis, and
vascular permeability. It may play a critical role
in the formation of peritumoral brain edema
(PTBE) associated with meningiomas.!3:14

Huang et al. studied VEGEF in all types of brain
tumors. As evidenced by real-time RT2PCR and
immunocytochemistry, all tumor sample types
expressed VEGFR1 (Flt-1) and -2 (Flk-1), but in
different amounts and locations.!3

Metastatic tumors, medulloblastomas, oligoas-
trocytoma III, and oligodendroglioma II show
only a moderate VEGFR expression compared
with meningiomas and glioblastomas, despite the
fact that the metastatic kidney tumor produced
considerably more VEGF. However, since
metastatic tumors and medulloblastomas are
clinically malignant and grow rapidly, the tumor
cells easily lead to hypoxia which could be
responsible for VEGFR expression. !

Vokuda et al. conducted a similar study in an
Indian population with astrocytomas (12 diffuse
astrocytomas, 3 oligodendrogliomas, 2 anaplastic

astrocytomas, 13 anaplastic oligodendrogliomas,
and 30 glioblastomas). They concluded that VEGF
expression was associated with tumor grade. The
results indicated that VEGF-regulated
angiogenesis played an important role in tumor
progression of astrocytomas and oligoden-
drogliomas.'®

Solid brain tumors of various histologies have
been found to secrete significant amounts of
VEGF into cyst fluid, with maximum VEGF
levels in recurrent glioblastoma and brain
metastasis. These data confirm and extend
previous findings of high VEGF levels in cyst fluid
of glioblastomas and suggest a role of VEGF in
local tumor progression and metastasis.!”-18

A number of studies indicate the bi-functional
role of VEGF in the biology of brain tumors
which regulates both angiogenesis and vascular
permeability. An association has been shown
between VEGF expression in glioblastomas and
meningiomas with peritumoral edema. Vascular
endothelial growth factor highly expresses in
glioblastoma tissue, being most abundant in the
perinecrotic palisading cells, but also in cyst fluids
from glioblastomas.!?

Effective therapy for patients with
recurrent/progressive meningioma after surgery
and radiation therapy is an unmet need in neuro-
oncology. Pre-clinical studies have suggested that
microvessel density and VEGF expression appear
to increase with increasing meningioma grade, 202!
which suggests that anti-VEGF therapies may be
active in this setting. Bevacizumab, administered
as a single-agent or in combination with
chemotherapy, has activity for patients with
recurrent/progressive meningioma and can be
safely administered. However, findings are limited
by the overall small number of patients evaluated
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and the retrospective nature of our analysis.
Prospective studies of anti-VEGF/VEGFR
therapeutics are warranted for
recurrent/progressive meningioma patients.??
Bevacizumabis well-tolerated in patients with
meningioma, and may be considered in patients
who have exhausted radiation and surgical options.
Prospective studies are required to define the
safety and efficacy of bevacizumab in atypical and
anaplastic meningiomas.?3

The pattern of VEGF expression in
meningiomas has been variably reported in the
literature. Some authors reported that VEGF
expression was specific to the tumor cells and
not present in the tumor stroma, connective tissue,
or endothelial cells.?*23 Another study noted that
VEGF expression was found in the neighboring
endothelial cells.?® We found degrees of VEGF
positivity in the neighboring endothelial cells in
some cases. A paracrine role of VEGF in inducing
angiogenesis could be postulated by its presence
both in tumor cells as well as in neighboring cells.
Similar expression of VEGF in both tumor cells
and surrounding vessels in gliomas has been
reported.?’ The extent of VEGF expression needs
to be scored so that accurate classification and
reporting is possible. As with any IHC evaluation,
both the intensity of staining and the percentage
of positive cells need to be taken into
consideration. Various scoring methods have been
described for VEGF immunohistochemistry in
tumors.?%2° Meningiomas are still poorly
examined tumors and the predictive factors are less
known than in other primary brain tumors.
Peritumoral brain edema is one of the most
important factors that leads to worse postoperative
recovery and clinical outcome. Our study seems
to prove a significant role VEGF expression in the
pathogenesis of PTBE in low-and high-grade
meningiomas as well as in recurrence or malignant
transformation. Hence, VEGF may be a useful
prognostic factor for worse clinical outcome of
meningiomas.

Table 4. Tumor characteristics of the meningiomas.

Variables Percent (%)
Type of tumor Transitional 38.6
Fibroblastic 15.7
Syncytial 16.9
Secretory 1.2
Psammomatous 1.2
Angiomatous 1.2
Atypical 16.9
Chordoid 4.8
Anaplastic 3.5
VEGEF score 1 7.2
2 65.1
3 27.7
Tumor grade I 74.7
11 21.7
111 3.6

VEGE: Vascular endothelial growth factor

Conclusion

Meningiomas are quite poorly studied tumors,
and the predictive features are less identified than
in other brain tumors. Peritumoral brain edema,
recurrence, and progression are the most important
factors that determine clinical outcome. Our study
has demonstrated a significant role for VEGF
expression in the pathogenesis of PTBE in low-
and high-grade meningiomas as well as in
recurrence or malignant transformation.
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