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Abstract

Background Meningioma arising from meninges is one among the various types of brain tumors. Others are, astrocytomas
originating from astrocyte, oligodendrogliomas originating from oligodendrocyte, Ependymomas originating from ependymal
cells and medulloblastomas originating from neurons. Current knowledge of molecular biology, genetics and epigenetics of
meningioma is not sufficient. Therefore, In depth understanding of the mechanism of meningioma formation and progression
is needed for its treatment and management. Grade I Grade I meningiomas are majorly classified as grade I, grade II and grade
III. Meningioma can be indolent, slow growing or can be invasive and metastatic which can recurre. Grade I meningioma
can be removed by surgery in comparison to invasive meningioma which may recurre with high propensity. This property
of recurrence is responsible for high morbidity and mortality. Meningioma are majorly classified into three classes namely
grade I, grade II, grade III. Protein biomarkers are considered as promising candidates for the diagnosis of meningioma.
Study Various studies done on differential expression of proteins have shown increased expression of EGFR, NEK9, EPS812,
CKAP4, SET and STAT?2, in all the three grades of meningioma. Additionally, some proteins like HK2 are overexpressed in
grade II and grade III meningioma than in grade I meningioma. Protein Markers, found on extracellular vesicles of different
grades of meningioma can serve the same purpose. A test done on a sample of any kind of body fluid like blood, tear, saliva,
urine etc. for recognizing the circulating cancer cells or DNA and extracellular vesicles released from them to help detecting
the early stage of cancer is known as liquid biopsy. Solid biopsy has several limitations as compared to liquid biopsy. This is
because the samples can be easily collected and studied in case of liquid biopsy. Exosomes are related with liquid biopsy and
hence provide platform for better diagnosis, prognosis and treatment of any type of cancer including meningioma. Exosomal
tetraspanin are important example of exosomal biomarkers. The tetraspanin network is a molecular scaffold which connects
various proteins for signal transduction.

Conclusion This study tells about the utility of proper knowledge of extracellular vesicle proteins and their profiles in different
grades, which can help in better understanding of pathogenesis, diagnosis, prognosis and treatment of meningioma. In Addi-
tion to use of these proteins as biomarkers, role of exosomes in currently available therapeutic approaches has been discussed.

Keywords Proteomics - Extracellular vesicles - Exosomes biomarkers - Meningioma - Therapeutics - Drug delivery
vehicles - Vaccines

Introduction Grade Imeningiomas, Grade II meningiomas, Grade III men-
ingiomas. Grade I shows mitosis of <4/10 high power field

Meningiomas are common central nervous system (CNS)  (HPF). Grade II meningiomas differ from grade I in having

tumors. They arise from the meninges, the outer covering of
the brain and spinal cord. Based on the morphologic char-
acteristics, it has been divided into three grades by WHO.
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increased mitosis i.e. 4-19/10 HPF and in having three of the
following five features 1. Hypercellularity 2. Smaller sized
cells with high nuclear/cytoplasm ratio, 3. Their nucleoli
are prominent 4. Patterenless sheet like growth 5. Foci of
“spontaneous” or “geographic” necrosis. Grade III meningi-
oma is characterized by even higher mitotic activity (=>20/10
HPF) and their cytology is similar to carcinoma, sarcoma,
and melanoma. There are nine histologic subtypes of Grade
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I meningioma namely meningiothelial, fibrous, microcystic,
transitional, psammomatous, secretary, lympho plasmcyte
rich, angiomatous, metastatic [1]. Two subtypes of grade
IT meningioma are clear cell and chordoid subtypes. Like
Grade II meningioma, Grade III meningioma has two sub-
types namely rhabdoid and papillary subtypes [2]. Grade
IIT show high tendency of recurrence and its prognosis is
more difficult compared to the grade Iland grade I tumors.
The meninges comprise of dura mater, arachnoid and pia
mater. Meningioma name has been derived, because of its
production from meninges [3]. Meningioma is considered
to be originated from arachnoid cap cells ([4]. The origin
and progression of grade II and grade III meningioma are
still unclear. However, origin of high grade tumors from low
grade is well studied in some types of cancers like colorectal
cancers and glioblastomas [5].

When it comes to molecular alterations in meningioma,
nearly 50% irregularly spread meningioma contain muta-
tions in Neurofibromatosis 2 (NF2, Merlin) gene [6, 7]. On
the other hand, rest 50% of meningioma contain non NF2
mutations including genes such as TRF7, KLF4, SMO,
PIK3CA, POLR2A, PRKARIA, AKT1 and AKT3 [8].
Even after having advancements in diagnosis and treatment
of meningioma, there is not much improvement in control-
ling the disease. Identification of biomarkers for improved
and early diagnosis is a major challenge in the management
of meningioma. Proteins are promising, very suitable mark-
ers as they are the ultimate functional product of the genome
and responsible for biology and behavior of tumor cells. By
using antibody based detection methods, they can directly
be detected and measured in clinical samples. According to
recent reports, protein expression profiling of various types
of tumor tissues or the blood samples is providing molecu-
lar level knowledge of pathogenesis of cancer and multiple
protein biomarkers for various applications. Proteomics
technology makes it possible to quantitatively investigate
numerous proteins and allows their differential expression
profiling at once.

Extracellular vesicles (EVs) are membranous structures
secreted by cells into the extracellular space. These are found
circulating in biofluids like milk [9], urine [10], blood [11],
ascites, saliva etc. [12]. EVs can be of different types such
as microvesicles, nanovesicles, exosomes, apoptotic bodies,
and are seem to play diverse roles in our body. Among these,
exosomes and microvesicles are the most recognized names
in this field. EVs can present antigens to immune effec-
tor cells, they have the capacity to transport biomolecules
including proteins, nucleic acids, lipids and carbohydrates
from donor cell to recipient cell. In this way, it is involved
in cell to cell communications. These EVs are secreted by
all types of cells including immune cells and tumor cells.
EVs produced by tumor cells contain molecular effectors of
many cancer related processes like growth, invasion, drug
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resistance, angiogenesis, and coagulopathy. Recently, extra-
cellular vesicles have been explored as a source of tumor
specific biomarkers (proteins, nucleic acids, carbohydrates
and lipids etc.) which can be used in diagnosis and treatment
of different types of tumors including meningioma. Prot-
eomic studies will reveal use of EVs as protein biomarker
source which help in diagnosis of disease. EVs may be used
in delivering drugs to the target site in our body. EVs can
also be used as cell free vaccines due to their property of
inducing immunogenicity and their ability to reflect the
tumor cells. In this review, we will discuss the epidemiology,
treatment strategies and pathways with special emphasis on
a novel therapeutic approach based on extracellular vesicles
as source of biomarkers. Herein, their use in future manage-
ment of meningioma were also discussed.

Epidemiology of meningioma

Globally, Incidence of intracranial meningioma is 10-15%
of all intracranial tumors.it is one of the most common pri-
mary intracranial tumor. In India its occurrence varies from
11.6 to 21% [13]. Overall incidence of meningioma was 8.3
per 100,000 people in USA in year 2010-2014 [14]. Menin-
gioma incidence is dependent on age. It increases from 0.14
per 100,000 in children (0-19 year age group) to 37.75 per
100,000 in the adults/ old age (75—-84 year age group). Data
revealed increased incidence of meningioma in African-
American compared with Caucasians. Also, female showed
high incidence of meningioma than males in the ratio of
2.27:1. Higher incidence in females correlates with higher
level of endogenous and exogenous sex hormones. Pregnant
females have more incidence than normal female and the
ratio is approximately 3:1 [15]. Because of this estrogen and
progesterone are considered to have link with this disease.
81.1% are grade I tumors grade I, 16.9% grade II tumors and
1.7% are grade III tumors [14]. The risk factors of menin-
gioma can be intrinsic or extrinsic. Intrinsic factors include
sex, allergy and autoimmune disease, genetic polymorphism
while ionizing radiations, cigarette smoking, use of cellular
phones, pesticides, nutrition, nitroso compounds and hormo-
nal factors come under extrinsic factor category. The most
common source of exposure of ionization radiation is den-
tal radiographic examination. The most common hereditary
cause of meningioma is mutation in gene neurofibromatosis
type 2(NF2) which is an autosomal dominant condition.
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Treatment strategy (surgery, radiation
therapy, chemotherapy)

In case of asymptomatic patients, acceptable strategy used
for routine observation and surveillance is imaging. On
the other hand, for symptology causing tumors maximal
safe surgical resection is the best strategy. Surgical exci-
sion depends on various limiting factors like tumor loca-
tion, involvement of nearby dural venus sinuses, arteries,
cranial nerves, brain invasion into eloquent tissue. All
these factors in combination decide to what extent the
surgery should be done. Convexity meningiomas are easy
to approach and resects but it accounts for one sixth of
meningioma. Next come parasaggital tumors which are
more complex to resect as they generally involve sagittal
sinus. The portion within the sinus is not resected due to
high risk of air embolism, high volume blood loss or acute
postoperative sinus thrombosis. Tumors at base of skull
including sphenoid, olfactory groove, tubercullum sella,
cerebellospontine angle or petroclival region need more
advanced endoscopic techniques [16]. In radiation therapy,
tumor cells are irradiated with high energy beams to dam-
age the DNA of abnormal cells. These can be of differ-
ent types like External Beam Radiation Therapy (EBRT),
Stereotactic Radiation Surgery (SRS), brachytherapy, pro-
ton beam therapy, intensity modulated radiation therapy
(IMRT) etc. Grade I tumors are irradiated to a dose of
approximately 50 Gy, while grade II-III meningioma are
treated to approximately 60 Gy with daily fractions over
5-6 weeks using EBRT. Single fraction SRS is typically

limited to tumors < 30 mm diameter and for tumors which
are not directly adjacent or compressing radiation sensi-
tive structures like optic chiasm. Multifraction SRS can be
used for large tumors. Brachytherapy, proton beam ther-
apy, intensity modulated radiation therapy are relatively
advanced and use other type of radiation source.

Chemotherapy is not generally used to treat meningioma
and there are only few reports which suggest it as a good
treatment option for this disease. The cytotoxic drugs used in
chemotherapy are not justifiable for long treatments. Under
certain conditions like the inoperable cases, chemotherapy
may be used. Chemotherapy works by destroying abnormal
cancerous cells which divide at a very quick rate. Since men-
ingioma is slow growing many chemotherapy medications
do not give the desired effect. Traditional chemotherapy is
effective for treatment of high grade meningioma which
reproduces quickly than the grade I tumors. However, the
percentage of high grade tumors is much lesser.

Proteomic profiling of meningioma
for discovery of biomarkers and possible
drug targets

The exact knowledge of pathogenesis and the molecular
basis of tumorigenesis can be known by comparative tis-
sue/blood/cell line proteomic profiling of meningioma.
Some such studies on meningioma have been summarized
in (Table 1).

All these proteins which showed differential expression
were found to be connected with meningioma in one or the

Table 1 Protein expression profiles of meningioma as shown by various studies

Sample used in the study Proteomic techniques or approach used

Important proteins identified or validated References

Meningioma tissue 2DE, MS, Western blot

Meningioma tissue

Meningioma tissue

Meningioma tissue

Blood sample

ROC

Meningioma tissue MS,SRM Assay

Meningioma cell line 1C-MS/MS

2DE, MS, Western blot, Immunohistochemistry

iTRAQ labelling, LC-MS/MS, ELISA,ROC

LC-MS/MS, western blot, Immunohistochemistry

2D-DIGE, MADI-TOF/TOF MS, iTRAQ based
and label free LC/MS-MS, western blot, ELISA,

Galectin 3, vimentin, endoplasmin (down regu- [17]
lated) 40S ribosom protein S12, glutathione
S-transferase P, Hypoxia up regulated protein 1

Apolipoprotein E, Ipha 1 antitrypsin serum albu- [18]
min, Apolipoprotein A1l

Gelsolin, galctin tumor protein D54,3 neuromodu-  [19]
lin. aapolipoprotein A—I, complement C3, HPX,
alpha 2 macroglobulin, alphal antitrypsin, serum
amyloid Alprotein pigmnt epithelium deived fac-
tor, protein S100-A9,Titin ataxin 7

EGFR, NEKO, EPS8L2, CKAP4 SET and [20]
STATE2, PXN, TRIP6, S100-A10, SF2/ASF,
ATOX1

Hemopexin, serum albumin, heptoglobin, alpha [21]
2 macroglobin, apolipoprotein A-I and sero
transferrin

FMNL2, ITGAM, MRC2, SELEN BP1, NDRG1, [22]
MAPK3, EZR, MAP4, ILK, VIM AHNAK,
CLIC1, ESBL2, ANXA2, CKAP4

Minichromosome maintenance (MCM) proteins [23]
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other way thus, affecting the occurrence of different grades
of meningioma in human body. In silico functional analysis
of identified differentially expressed proteins showed their
involvement in modulating diverse essential signal transduc-
tion pathways like integrin signaling, Wnt signaling, FGF
(Fibroblast growth factor) signaling, Ras signaling, EGF
(epidermal growth factor) signaling, ubiquitin proteasome
signaling in meningioma. Human malignancies are associ-
ated with abnormal activation or invariable alterations of
signaling pathways mainly affecting the cell proliferation
or cell cycle, apoptosis, angiogenesis etc. Previously identi-
fied potential molecular targets for treatment of meningioma
include growth factor receptors EGFR (Epidermal growth
factor receptor), VEGFR (vascular epithelial growth factor
receptor) and PDGFR (platelet derived growth factor recep-
tor) along with their signaling pathway activation, but phar-
maceutical targeting has given mixed results. EGFR inhibi-
tors erlonitib and gefitinib when used as treatment options
yielded non-significant results whilst VEGFR and PDGFR
inhibitor sunitinib showed some effectiveness but was found
to be toxic. Therefore, in order to develop novel therapeutic
strategies for meningioma, it is important to identify the
abnormally activated pathways and associated molecular
new protein targets and biomarkers.

Major signaling pathways involved
in meningioma

Growth factors and chemokines

Numerous growth factors have been found to be associated
with meningioma tumorigenesis including EGF, transform-
ing growth factor a (TGFx),fibroblast growth factor(FGF)
and insulin like growth factor, platelet-derived growth factor-
B(PDGF-B)TGF-f,Stromal cell derived factor 1(SDF1) bone
morphogenetic proteins(BMPs) HER2, somtostatin etc.

The Ras/MAPK pathway

EGF and PDGF bind to their respective receptors inducing
auto phosphorylation of tyrosine kinases on the cytoplasmic
side of the receptor. These residues then bind to grb2 and
sos proteins which brings them closure to plasma membrane.
Ras proteins get activated. Ras are small GTPases involved
in signal transduction inside the cell that further activates
downstream components like Raf, MEK-1 and ERK causing
phosphorylation of various transcription factors. It has been
reported that in meningioma cell culture. MEK 1 inhibitors
show less MAPK activity and hence less inhibition associ-
ated with it [24]. This pathway is aberrantly activated in
meningioma affecting growth, differentiation and apoptosis.
Activity of many meningioma growth factors mediated by
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signal pathways. Constitutive activation of MAPK pathway
has been seen in grade I grade I meningioma. Marwin et al.
showed that a MAPK inhibitor PD98059 diminished cell
growth and induced apoptosis in malignant meningioma
[25].

PI3K-Akt-mTOR C1 pathway

EGF and PDGEF bind to their respective receptors leading to
stimulation of catalytic unit of receptor which is present on
cytoplasmic side of the receptor. This autophosphorylates
and activates nearby adaptor proteins inducing stimulation
of PI3K via PI10 subunit. phosphatidylinositol 4-5 bispho-
sphate (PIP2) is then catalyzed to PIP 3, 4, 5-tris phosphate
(PIP3)with the help of PI3K. This reaction is regulated and
inhibited by PTEN. PIP3 then activates Akt protein with the
help of mMTORC?2. Akt initiates several downstream cascades
including activation of mTOR. mTOR is a serine/threonine
kinase and a catalyst responsible for forming mTORC1 [26]
which regulates cell growth and proliferation. Inhibitors of
mTOR have been found to be effective in large number of
tumors like glioblastoma multiforme. Marwin et al. reported
increased expression of phosphorylated Akt in grade III and
grade II meningiomas. Also, an Akt inhibitor namely Wort-
mannn reduced growth and survival of malignant meningi-
oma [25].

The PLC -y1-PKC pathway

PLC —y1-PKC pathway is characterized by, cross activa-
tion of MAPK as well as PI3K Pathways. MAPK and PI3K
pathways are simultaneously activated by the mediators of
the pathway [27]. PDGFR and EGFR phosphorylate/activate
phospholipase C y1 that leads to the formation of inositol 1,
4, 5 triphosphate (IP3) and 1, 2 diacylglycerol (1, 2 DAG)
from phosphatidylinositol 4, 5 diacyl glycerol. IP3 and 1, 2
DAG are second messengers.1, 2 DAG stimulates protein
kinase C (PKC), the Raf-MEK1-MAPK/ERK and PI3K-Akt
pathways. PKC activates c-fos and c-jun inside the nucleus
thus causing cell proliferation and inhibition of apopto-
sis. Previously, it has been studied that their exist associa-
tion between PLC—yl and EGFR in meningioma. When
EGFR-Kinase gets activated it leads to phosphorylation of
PLC—y1 and a 78%-increase in catalytic activity. Therefore,
PGFR and EGFR on binding to tyrosine kinases on menin-
gioma that activates PLC—y1-PKC Pathway, which is one
among the various mechanism for promoting meningioma
cell growth [28].

NOTCH pathway

Notch 1-4 proteins are transmembrane proteins which are
involved in intracellular communications. Transmembrane
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protein binds to the ligands and proteolytically cleave intra-
cellular domain of notch [29]. This intracellular domain
enters the nucleus and causes activation of hairy/enhancer of
split family of transcription factor. Genes controlled by notch
pathway, function during embryonic development and later
during the adult stage. Notch signaling pathway plays role
in tumorigenesis. The role of notch signaling pathway is dif-
ferent for different type of cancer. Gene expression analysis
have shown link between notch pathway and meningioma.
HES1 upregulation was found in all grades of meningioma
and correlated with upregulation of notchl, notch2, jag-
ged ligand. HES1 activity is modulated by transducing-like
enhancer of the split family of corepressors and upregulated
in malignant meningioma that suggest that TLE3/HESI is
linked to more aggressive forms of meningioma [30].

HEDGEHOG pathway

Binding of Hh to PTCH causes suppression of transmem-
brane protein (SMO). On SMO activation a signaling cas-
cade is initiated which leads to activation of GL1 transcrip-
tion factors [31]. This family consists of three members
GL1, GLII and GLIII. GLI and GLII are growth activators
and GLIII is a growth repressor. These transcription fac-
tors affect cell growth, proliferation, angiogenesis, stem cell
homeostasis and matrix remodeling. In this way, hedgehog
pathway play role in tumorogenesis [31]. In same study,
mRNA expressions of 32 Hh pathway associated genes were
examined. In all tumor grades, 16 genes were found to be
amplified and 7 genes were found to be downregulated.

Wnt pathway

Wnt signaling pathway is involved in apoptosis and is
important in development of meningioma. Wnt pathway
is activated when frizzled protein extracellularly binds to
Whnt. It acts synergistically to LRP5/6 leading to binding of
GSK§p, DVL, CK1, AXIN to the plasma membrane. This
dephosphorylates § catenin thus maintaining high level of
Bcatenin in the cytoplasm. Available Catenin bind to tran-
scription factors which results in increased transcription of
apoptotic genes. APC remains free in the cytoplasm during
dephosphorylation [32].When Wnt pathway is inactivated,
glycogen synthasekinase-33 (GSKp) with the help of com-
plex Axin, CKI, APC phosphorylate B-catenin. This occurs
on replacement of DVL by APC. The complex thus formed
on phosphorylating p catenin causes degradation of catenin
through a proteasome and there is no transcription of apop-
totic genes. DVL protein remains in unbounded form in the
cytoplasm during inactivation of Wnt pathway. Recent gene
expression studies have shown role of Wnt pathway in acti-
vating meningioma. Loss of APC (adenomatous polyposis
coli (APC) gene, a tumor suppressor gene has been seen

in grade I meningioma. Modulators of Wnt pathway were
found deficient in one-third of meningioma.

TGF 3 SMADS signaling pathway

The TGF beta superfamily of ligands include: Bone mor-
phogenetic proteins (BMPs), Activin, TGF's, Growth
and differentiation factors (GDFs), Anti-miillerian hor-
mone (AMH) and Nodal. These help in growth and dif-
ferentiation during embryogenesis. The TGF beta family
include: TGFB1, TGFB2, and TGFB3. TGFf’s differ from
other TGF beta superfamily members in that the TGF beta
family induces apoptosis along with growth and differentia-
tion. These TGFs bind to receptor type II and later phos-
phorylates receptor type 1. Receptor I then phosphorylates
receptor regulated SMAD (R SMAD). R SMAD now can
bind to CO SMAD, SMAD 4. Both the receptor regulated
R SMAD and CO SMAD form complex and move towards
nucleus. After entering the nucleus they act as transcrip-
tion factors and regulate the expression of target genes.
These inhibitory growth factors /receptors and their signal-
ing pathways also affect meningioma growth. For example,
TGF is upregulated in the leptomeninges. Proliferation of
WHO Grade I meningioma cells and leptomeningeal cells
is inhibited by TGF beta I. On adding TGF beta neutralizing
antibodies to CSF, there is increase in mitogenic effects on
meningioma cells [33]. The role of TGF beta in meningioma
pathogenesis is still to be established (Fig. 1).

Rb/p53 pathway, Phospholipase A2 arachidonic acid
cyclooxygenase signaling pathway are also dysregulated in
case of meningioma [34].

Other important signaling pathways
Coagulation pathway

Coagulation of blood is also termed as blood clotting. Coag-
ulation process involves four steps (1) constriction of blood
vessel (2) temporary platelet plug formation (3) activation
of coagulation cascade (4) formation of fibrin plug, the final
clot. Cancer damages the healthy tissue of the body. To resist
such ill effects, blood clotting takes place. Blood clotting
prevents excessive loss of blood and also give time for tissue
to repair, therefore, cancer patients have high risk of blood
clots and clotting disorders. It is accompanied with SER-
PINA1 mediated inhibition of degradation of extracellular
matrix by serine proteases. This serine protease inhibitor has
been seen to be associated with various types of cancers such
as lung, colorectal and gastric carcinoma [35]. It has also
been reported to have link with meningioma as the expres-
sion of SERPINA increases with increase in tumor grades
[36]. SERPINAI thus can acts as potent prognostic marker.
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Fig. 1 Signaling pathways: receptor tyrosine kinase, Hedgehog, Notch, WNT and TGF p pathway in meningioma

Complement pathway

Complement pathway plays a role in immune system. This
pathway has been seen to help cells, proliferate and regener-
ate. Recently, activation of complement pathway in meningi-
oma has been studied. Exact mechanism of how complement
system functions to develop a cancer is still not clear but it
is postulated that it is involved in constant cellular prolifera-
tion, resistance to apoptosis, escape from immune system,
dysregulation of mitogenic signaling pathway. Enhancement
of complement pathway member C3 level was observed
along the grades of meningioma representing suitability in
its use as a prognostic marker [36]. Overexpression of C3
and C5b-9 complex was also observed in glioblastoma mul-
tiforme [37].

Lipid metabolism pathway
Fatty acids or lipids are critical for cell growth and devel-

opment. It is a structural component of the cells, provides
energy to them and act as signaling molecules. Tumor cell
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formation and increase in fatty acids synthesis proceed side
by side. ALB and APOAI proteins associated with lipid
metabolism and lipid remodeling were found to be upregu-
lated in cancer patients and serve as diagnostic and prog-
nostic biomarkers, especially in case of brain tumor. Study
by Abbritti et al. showed that there was overexpression of
ALB and APOALI along the grades of meningioma proving
its involvement in meningioma progression [36]. Apolipo-
proteins (APOAI) are polypeptides which regulate efflux and
transport of cholesterol from peripheral tissues to the liver.
According to a study by [38, 39], albumin acts as carrier
for APOALI Both these proteins are implicated to malignant
glioma formation.

Overexpression of some other proteins like HPX, HP,
APCS and A1BG was also evident but their functioning of
these proteins is not known in connection with meningioma.

Integrin signaling pathway

Cell proliferation and signal transduction are major func-
tions performed by integrin proteins. Integrin alpha p5 and



Molecular Biology Reports (2021) 48:8061-8074

8067

alpha af3, vasodilator stimulated phosphoprotein, filamin
A, collagen a3 chin were established to be upregulated in
grade I meningioma [40].

Gonadotropin releasing hormone pathway

Previous studies on Gonadotropin releasing hormone and
its receptor have shown a connection with occurrence of
meningioma. Studies showed increased expression of tis-
sue proteins like caveolin, vinculin, SHC binding protein
and guanine nucleotide binding protein G subunit o comple-
ment factor B,Y box protein, in all grades of meningioma
and showed lower expression of proteins like tubulin alpha
-1C chain and serine/threonine protein phosphatase 2B [41].
Other pathways which get modulated include chemokine
and cytokine signaling pathway. chemokine receptor helps
in tumor proliferation [42]. Signaling by rho GTPases and
EGEF receptor signaling pathway again play role in tumor
proliferation [43]. Apoptotic signaling pathway, Fibroblast
growth factor signaling pathway. Ras pathway and dopamine
receptor signaling pathway has also shown role in meningi-
oma pathobiology [44, 45].

Characteristics of meningioma cells
and the mechanistic insights

Tumor suppressor genes and PI3K/Akt/mTOR
pathway linked to cell growth and proliferation

Dysregulation of cyclin, cyclin dependent kinases and
their inhibitors affect growth and proliferation of meningi-
oma cells [46]. The cyclin dependent kinase inhibitor 2A
(CDKNZ2A) gene encodes cell cycle regulating proteins like
pl6 and p14 inhibiting tumor cell growth. If these proteins
are less expressed they become responsible for the tumor
growth. mMTOR (mammalian target of rapamycin) controls
cell growth, differentiation proliferation and tumorigenesis.
mTOR is over-expressed in brain tumor. Phosphoinositide-
3-kinase and protein kinase B (Akt) pathway regulate
mTOR. Phosphoinositide-3-kinase is in turn regulated by
many growth factors and their receptors such as epidermal
growth factor (EGF) and its receptor (EGFR). According to
a study, inhibition of this pathway leads to suppression of
abnormal cell proliferation and increased cell death [47].

Cadherin pathway linked to cell invasiveness

Cell adhesion property goes on decreasing with the transfor-
mation of normal cell into cancerous cell. E-cadherin forms
complex with P catenin thus regulating adhesiveness and
stability of cell. MPPs (Matrix metalloproteinases) are zinc
dependent endopeptidases that degrade extracellular matrix

and tissue reconstruction hence are the cause of increased
cell invasiveness. Studies have shown that lower expression
of E- cadherin, A kinase anchor proteinl2 and loss of den-
sity enhanced phosphatase-1 is responsible for increased cell
invasiveness [48].

Vascular endothelial growth factor (VEGF) pathway
for angiogenesis

An important property of malignant cells is that their vas-
culature is more efficient than the normal cells. Angiogenic
factors remain balanced in a normal cell, when this balance
is perturbed it leads to interaction of angiogenic factors
affecting the biological behavior of meningioma. The most
important angiogenic factor is vascular epithelial growth fac-
tor which takes part in numerous physiological and patho-
logical pathways related to angiogenesis. Many tumor meta-
bolic processes like glycolysis, angiogenesis, apoptosis, and
promotion of tumor growth are regulated by Hypoxia induci-
ble factor 1o (HIF-1a). HIF-1a activates VEGF transcription
and stabilizes VEGF and its receptor promoting endothelial
cell proliferation and neovascularization. Similarly, HIF3a
upregulates VEGF via JAK/STAT signaling pathway and
promotes tumor angiogenesis. According to one study,
MMP-9 is upregulated in meningioma and is closely linked
to neovascularization and tumor. MMP9 causes degrada-
tion of extracellular matrix and thereby creating space and
stimulation for angiogenesis. It also stabilizes VEGF and
its receptor [49].

Future prospective
Role of extracellular vesicles

Extra cellular vesicles are membranous structures secreted
by cells including the cells of central nervous system and
by malignancies of brain into the extracellular space [50].
EVs can be released constitutively or its formation may
be induced by cell stimulation, activation, differentiation,
stress, radiation, senescence, oncogenic transformations or
different forms of programmed cell death. EVs contain rep-
ertoire of proteins, lipids and nucleic acids (mRNA, micro-
RNA, mtDNA, and DNA) [51, 52]. Based on their biogen-
esis, release pathways, size, content and functions, EVs are
classified into four important types. These are exosomes,
microvesicles, large oncosomes and apoptotic bodies.
Exosomes are small having size, 30-100 nm in diameter.
Microvesicles, ectosomes or microparticles (MPs) are larger
than the exosomes having size 100-1000 nm in diameter.
Other vesicles are large oncosomes have diameter greater
than 2 mm, which is relatively larger than microvesicles and
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exosomes. Apoptotic bodies are even larger than oncosomes
having size of 1-2 pm in diameter.

The properties of these different types of extracellular
vesicles can be described one by one. exosomes are rich
in tetraspanins (CD63, CD81, CD82, CD9) export mole-
cules like RAB27a/b, TSG101,Alix and heat shock proteins
(HSP90, HSP70), proteases (ADAM10), integrins, receptor
tyrosine kinases, immunomodulation molecules, nucleic
acids, bioactive phospholipids etc. [53]. Multivesicular
bodies (MVBs) are considered to be originating source of
exosomes which are formed through endosomal pathway
during membrane recycling process [54]. Microvesicles have
flotillin-1 integrins and tetraspanins common to lipid rafts
and exosome. Their synthesis depends on acidic, sphingo-
myelinase, lipid flopasses, ARF6 and other proteins clusters
at surface of cells [55]. Oncosomes formation is regulated by
actin binding proteins AKT, EGFR and other pathways [56].
Apoptotic bodies contain breakdown elements of cellular
mass like nuclear DNA and organelles [57].

Exosomes are the most important type of extracellular
vesicles. They play important role in the transfer of func-
tional proteins, lipids, nucleic acid and metabolites from
donor cells to recipient cells thus affecting neural mainte-
nance and repair, homeostasis, immunity, hematopoiesis,
inflammation, angiogenesis and several other processes [58].
They can be used as biomarkers for diagnosis and prognosis
of meningioma. However, there are very less reported stud-
ies on this topic and it is a hotspot to be worked on.

Application of exosomes as liquid biopsy in clinical
diagnosis and treatment of meningioma

Use of exosomes as biomarkers in liquid biopsies is a rela-
tively new and enthusiastic field. Liquid biopsy is, detect-
ing the cancer at an early stage of progression, by testing
cell free DNA (cfDNA), circulating tumor cells(CTCs) and
exosomes circulating tumor DNA (ct DNA), mRNA (mes-
senger RNA), miRNA (microRNA), extracellular vesicles
(EVs) released by cancer cells in bodily fluids [59-61].

Exosomes or small extracellular vesicles play vital role
in various types of physiological and pathological processes
namely cancer, cardiovascular diseases, pregnancy disor-
ders, immune response [62]. Liquid biopsy is better than
solid biopsy as it does not require invasive operations and
are more precise [63]. Exosomes present many advantages
compared to other sources.

e High stability in all body fluids. They contain cargo simi-
lar to cell.

e Better accuracy than other markers like carcinoembry-
onic markers [64].

e They include many specific proteins like CD63, Alix,
TSG101 and HSP 70 [65].
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e Cup shaped structure highly recognizable [54].

e They present specific cellular surface proteins like their
parent cell [66] helpful in predicting organ specific
metastasis [67].

¢ Easily available through isolation methods like ultracen-
trifugation [68].

Exosomes as biomarkers in early tumor diagnosis

In order to reduce mortality and increasing the recovery
rate of cancer patients and patients with precancerous
lesions, early screening and accurate diagnosis is impor-
tant. Exosomes are quite efficient in distinguishing cancer-
ous and non-cancerous patients. One important example
where exosomal proteins act as early diagnostic tool is exo-
some based EGFR T790M in non-small cell lung cancer
(NSCLC) [69]. Similarly, CD151, CD171 and tetraspanin
showed great potential for diagnosis of lung cancer [70].
MS (Mass Spectrometry) have made it possible to analyze
thousands of proteins from single sample of micro quantity.
Study on breast cancer by Chen et al., using MS showed
increased expression of 144 exosome phosphorylated pro-
teins among them PKG1, RALGAPA2, TJP2, NFXI1 are
the more expressed [71]. These tests were done on blood
derived exosomes however, urine derived exosomes were
also used for testing of urinary system or genitourinary tract
related cancers [72]. Another important example is renal
cell carcinoma. In this study, 10 selected exosomal pro-
teins were used to distinguish cancer patients from normal
individuals [73]. Recently, using latest advanced technolo-
gies, different exosomal biomarkers are being identified in
various cancers like lung [70], pancreas [74], bladder [75],
breast [76], ovarian [77], prostate [78] and melanoma [79].
Proteins which are identified from exosomes include pro-
teins involved in the formation and secretion of exosomes
as annexins,SNAREs, Rab GTPases, flotillin, tetraspanins
(CDY, CD63, CD81, CD151), Heat shock proteins (HSP 60,
HSP70, HSP90), Proteins involved in ESCRTcomplex TSG
101, EpCAM(Epithelial cell adhesion molecules), Alix and
MHC molecules.

Exosomes in tumor prognosis prediction

Studies on lung cancer revealed higher annexin A6 enriched
exosomes after cytosolic chemotherapy and found to be
linked with metastasis. Annexin 11 [80] and L plastin [81]
play important role in metastasis and act as prognostic fac-
tor for advanced breast cancer. MS protein profiling stud-
ies in prostate cancer showed upregulation of urine derived
exosomal proteins ITGA3 and ITGB1 in metastatic patients
against the patients with gradel tumor and early stage cancer
[82]. Exosomal protein PD-L1 act as prognostic marker for
head and neck cancer [83] and non-small cell lung cancer.
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[84] Also, serum based exosomal PD-L1 can predict pan-
creatic ductal carcinoma [85].

Exosomes in tumor treatment response assessment

Exosomes play role in drug resistance which is one big
obstacle for treatment of advanced malignant tumors. Tumor
derived exosomes can transfer drug resistance associated
molecules to recipient cells promoting signal transduction
alterations, antiapoptotic pathway leading to treatment fail-
ure. In this way such exosomes can act as biomarkers for
cancer treatment [86].

Exosomes as drug delivery vehicles and vaccines
for the treatment of meningioma

Due to the delivering properties of exosomes, these are used
to deliver different types of drugs into the affected cells for
disease treatment. For this purpose, the drugs loaded into the
exosomes can be broadly classified into three types namely
Protein drugs, genetic drugs and chemical drugs. Exosomes
have been loaded with variety of anticancer drugs (pacli-
taxel, doxorubicin), cancer gene suppressors (c-Myc siRNA,
PLK-1 siRNA, miRNA 134 and miRNA 143 etc.) [87]. Pro-
tein drugs mainly include enzymes, cytokines, transmem-
brane proteins, peptides and cytoskeletal proteins. Proteins
drugs are comparatively new and useful in treatment of
malignant tumors. Important example is loading of caspase 1
(ICE) INTO AAV serotype 1 vectors to prevent schwnnoma
growth [88]. Exosomes can also transport carriers for protein
drugs for stabilization and achievement of targeted adminis-
tration. Survivin inhibits apoptosis protein that is responsible
for apoptosis resistance. Survivin “-T34A mutant was seen
to block survivin, activating caspase induced apoptosis [89].
Other important example include loading of exosome with
glycosylphosphatidylinositol (GPI)- anchored PH20 hya-
luronidase. Membrane protein treatments are what it's all
about. It can penetrate deep into malignancy by eliminating
tumour extracellular hyaluronan quickly and permanently. It
produces a space between tumour vascular endothelial cells,
increasing tumour blood vessel permeability and decreasing
tumour growth [90]. In another situation, it was discovered
that exosomes containing signal regulatory protein (SIRP)
performed better than SIRP —conjugated ferritin nanocage
formulations [91]. To date, passive targeting method is most
studied targeting method in comparison to active targeting
[92]. However, active targeting of exosomes as protein deliv-
ery system is more precise and reduces non target tissue and
organ damage.

Recently, exosomes have been used as a cell free vac-
cine for renal cancer cells. It was seen that when dendritic
cells were loaded with tumor antigens or tumor exosomes
(TEXSs) they could induce immunogenicity in mice. Tumor

antigen can directly be pulsed with dendritic cells to produce
dendritic cell derived exosomes (DEXs) which can process
and present antigen like parent dendritic cells. This leads
to activation of cytotoxic T cells and killing of tumor cells.
Immune cell derived exosomes or dendritic cell derived
exosomes (DEXs) can thus be used in vaccine production.
In other method, tumor cells are modified genetically or
by providing stress and allowed to produce tumor derived
exosomes (TEXs) which just like above described DEXs
have the efficiency of inducing dendritic cells. These DEXSs,
this time produced inside the body, can process and present
antigen to cytotoxic cells. Tumor cells are killed by activated
cytotoxic cells. In this way, TEXs can also be used in vac-
cine formation. TEXs have bound PD-L1 on their membrane
and enriched with protein and nucleic acid mimicing tumor
cells in their content and activity. TEXs on transferring this
cargo to recipient cells can activate molecular pathways and
induce protumor transcriptional changes [93]. These can
play dichotomous role as it can induce suppressive or active
immune responses. These Immune cell derived exosomes
/DEXs and TEXs can be helpful in cancer diagnosis and
immunotherapy. Proteomic level study and study by other
means have shown that exosomes are important and help
in management of meningioma but the study is still in its
hypothetical stage [94]. Identification of these immunogenic
cancer antigens present on TEXSs are vital in cancer vaccine
development. Today, different cell free vaccines of exosomes
are under trial and are in various phases of development
[87]. If they are properly administered they can be used
to induce immune response against tumor. Tumor derived
exosomes (TEXs) are suitable for this purpose because of
biosafety reasons. The role of exosomes in the treatment
of meningioma through vaccine development is depicted
(Fig. 2).

Proteomic approaches to study extracellular
vesicles (exosomes)

In order to get in depth knowledge of exosomes, proper
optimized methods for their isolation, characterization and
proteomic analysis need to be searched. Till date, available
methods used for obtaining exosomes out of the plasma
include ultracentrifugation, immune isolation of exosomes
using magnetic microbeads, extraction kit, microfluidics
and biosensors. Morphological characterization of EVs and
analysis of EVs are done by Transmission electron micros-
copy (TEM) or atomic force microscopy (AFM). Particle
enumeration technique like dynamic light scattering (DLS),
nanoparticle tracking analysis (NTA) are also used for EVs
analysis. Flow cytometry is used to know the EVs origin
and it helps in their identification. FACS uses pattern of
light scattered and fluorescence measurements to analyze the
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exosomes. Exosome protein quantification and identification
can be done using LC-MS/MS shown in (Fig. 3).

Conclusion

Till date, options available for diagnosis, prognosis and
treatment of meningioma are not much effective and
have harmful side effects. These techniques lack preci-
sion, sensitivity and specificity. Apart from this they are
costly, and impractical for mass application. Under such
tough conditions, Extracellular vesicles (EVs) originating
from cells and considered as garbage bags of cells have
shown some hope. EVs play important role in cell to cell
communication and transfer their cargo of protein, lipid,
chemokines, growth factors, nucleic acids, cytokines etc.
from donor cells to recipient cells. EVs have been found
to be involved in disease progression and pathophysiology.
EVs are found responsible for creating and establishing the

@ Springer

tumor microenvironment. Studies have shown that EVs
population is higher in diseased cells as compared to nor-
mal cells. EVs penetrate the disrupted blood brain barrier
of meningioma patients and can be observed circulating
in blood stream of those patients. Recent development for
characterization of extracellular vesicles has promised a
better diagnosis, prognosis and treatment of meningioma.
Extra cellular vesicles can be characterized using tech-
niques like FACS, NTA and western blotting etc. Simi-
larly, iTRAQ LC MS/MS, SRM, various bioinformatics
tools etc. are latest techniques used to study the protein
profiling of EVs that provide deeper insight of mecha-
nism and thus, treatment of disease. Certain reports have
already shown the involvement of EVs in various types
of cancers and they can be helpful for cancer treatment,
but still the current knowledge of EVs association with
meningioma is scarce. The present review emphasizes on
search and identification of new exosome based biomark-
ers. Even though the EVs are good source of biomarkers in
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liquid biopsies there are some barriers between the basic
research and clinical practice. These barriers need to be
removed for better diagnosis, prognosis and treatment of
meningioma. First barrier is that there is need of standardi-
zation of protocols for isolation of exosomes which pro-
vide purity. Second, there is need to identify specific sub-
types of EVs. Third, many exosomal biomarkers have been
identified still there is urgent requirement to search new
biomarkers and validate them all at large scale for their
appropriate application. In addition, biological safety of
exosomes should also be confirmed. In this review on the
pathways involved in meningioma progression, expression
pattern of proteins, development of drug delivery vehicles
(particularly proteins delivery vehicles) and strategies for
use of DEXs and TEXs in meningioma treatment have
been described.
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