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Abstract: Glioblastoma tumor cells release microvesicles, which contain mRNA, miRNA and angiogenic proteins.
These tumor-derived microvesicles transfer genetic information and proteins to normal cells. Previous reports dem-
onstrated that the increased microvesicles in cerebrospinal fluid (CSF) of patients with glioblastoma up-regulate
procoagulant activity. The concentration of microvesicles was closely related to thromboembolism incidence and
clinical therapeutic effects of glioblastoma patients. However, it is still not clear how CSF microvesicles and what
factors affect glioblastoma development. In this study, we collected the plasma and CSF from glioblastoma patients
and healthy volunteers. Microvesicles acquired from serum or CSF were added to cultured endothelial cells. And the
effects of these microvesicles on endothelial cells were examined. Our results showed that microvesicles from CSF
of patients, but not from circulating blood, promoted endothelial cells migration and proliferation in vitro. In addition,
the degree of endothelial cell proliferation triggered by microvesicles from CSF was reduced when treated with siR-
NA targeting Akt/beta-catenin, suggesting that the Akt/beta-catenin pathway is involved in the microvesicle-initiated
endothelial cell proliferation. In conclusion, glioblastoma mainly affects microvesicles within CSF without showing
significant impact on microvesicles in circulating blood. Microvesicles from the CSF of glioblastoma patients may
initiate endothelial cell growth and thus promote cell invasion. This effect may be directly exerted by activated Akt/
beta-catenin pathway.
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Introduction

Glioblastomas (GBMs) are the most common
malignant primary brain tumors in humans.
They are highly aggressive and heterogeneous,
and remain to be a major therapeutic challenge
[1]. The median survival of GBM patients after
diagnosis ranges from only 3 months (without
therapy) to no more than 15 months even with
advanced medical care.

Microvesicles (MVs) are small membrane-
enclosed vesicles secreted from different types
of cells, and are important mediators of inter-
cellular communication by transferring effector
bio-molecules [2]. MVs are categorized into
three major groups according to their origins,
including endothelial microvesicles (EMVs),
platelet-derived microvesicles (PMVs) and leu-
kocytes-derived microvesicles (LMVs). They ha-

ve recently been reported to serve as indicators
in the diagnosis, prognosis and surveillance of
different types of cancers, such as ovarian can-
cer [3, 4], bladder cancer [5], mesothelioma [6],
colorectal cancer [7], and liver tumor [8].
Increase of MV content is associated with endo-
thelial dysfunction, abnormal hemostasis/
thrombosis, pro-inflammatory states [9] and
poor clinical prognosis for cancer patients. For
example, cancer features a prothrombotic state
marked with increased prevalence of venous
thromboembolism (VTE) [10]. PMV has been
reported to contribute to the VTE state in can-
cer patients [11], as PMVs-associated Factor
Va, Factor VIII as well as tissue factor (TF)
increase prothrombinase activity and exagger-
ate VTE condition.

MVs are easier to be isolated and of larger con-
tent than circulating tumor cells (CTCs). More-
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over, MVs shed from cancer cells may contain
specific microRNAs and proteins that strongly
correlate with specific cancer progression stag-
es [12]. Thus, MVs released into microenviron-
ment from various tumer cells represent a
group of novel tumor diagnostic biomarkers.

Glioblastoma releases tumor-promoting
microvesicles [13]. EMVs and LMVs shed from
glioblastomas have been shown to exhibit pro-
coagulant properties due to their richness of
phosphatidylserine [14, 15]. On the other hand,
endothelial cells have been shown to function
in the formation of perivascular niche to pro-
mote the self-renewal of CSCs in GBM [16].
Recently it has been shown that MVs released
by glioblastoma tumor (though comprised of
various cell types) can be taken up by normal
cells, and followed by the translation of pro-
teins or microRNA known for gliomagenesis in
normal cells [17]. However, the effect of MVs
generated by GBM on endothelial cells remains
less studied.

The conserved beta-catenin pathway regulates
stem cell pluripotency and cell fate decisions
during development and adult life, while aber-
rant beta-catenin signaling is associated with a
wide range of diseases, including cancers [18].
Beta-catenin has also been demonstrated as a
highly predictive biomarker of the short survival
for GBM patients. It plays a critical role in glio-
blastoma exaggeration through the phos-
phoinositide 3-kinase (PI3K)/Akt/glycogen syn-
thase kinase-3 beta (GSK-3B) and wnt/beta-
catenin pathways, which initiates subsequent
transcriptional activation of oncogenes [19].
Endothelial wnt/B-catenin signaling is neces-
sary for angiogenesis of the central nervous
system and blood-brain barrier (BBB) differen-
tiation. Furthermore, GSK-3p inhibitor can sup-
press glioma cell growth through abovemen-
tioned two pathways [20]. Recently, Ghosh et
al. reported that MVs mediate Akt activation
and further modulate beta-catenin pathway in
leukemic disease progression through incre-
ased expression of cyclin D1 and ¢c-myc in bone
marrow stromal cells (BMSCs) [21], and further
confirmed that MVs played more roles than just
biomarkers during tumor progression.

Here, by quantification of MV content in plasma
and CSF samples from GBM patients and con-
trol samples from healthy volunteers, the MVs
content change in GBM patients was demon-
strated for the first time. In addition, by incubat-
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ing endothelial cells with CSF MVs from GBM
patients, we observed activated and signifi-
cantly enhanced beta-catenin pathway activity.
We also reported here that the stimulated
endothelial cells by concentrated MVs could
promote in vitro angiogenesis and cell invasion,
and this stimulation is caused by the activated
beta-catenin pathway.

Materials and methods
Patients recruitment

A total of 105 GBM patients were recruited for
collecting plasma or CSF samples from the
Department of Neurosurgery, The Second Affi-
liated Hospital of Suzhou University and De-
partment of Surgical Oncology, Zhejiang
University School of Medicine from 2005 to
2011. Informed consent from patients was
obtained, and the study was approved by local
ethics committee.

Sample collection

Samples from a total of 105 patients were ana-
lyzed. CSF specimens was obtained either dur-
ing brain tumor surgery by lumbar puncture as
part of the routine procedure aimed at control-
ling brain pressure during surgery (n = 65) or
during chemotherapy of glioma patients (n =
40). Vacuum blood collection tube with sodium
citrate as anticoagulation (BD vacutainer,
citrate) was used for sample collection. Blood
samples were centrifuged at 3000 rpm for 15
minutes to separate plasma, then at 13000 g
for 2 minutes to collect platelet-poor plasma
(PPP). CSF (n = 40) and paired plasma (n = 40)
for control were obtained from healthy volun-
teers. Patients continued to take necessary
medications to control blood pressure or gluc-
ose.

MV detection by flow cytometry

50 yL plasma sample was transferred to flow
cytometry testing tubes (Becton, Dickinson and
Company, BD falcon) and was mixed with four
fluorescence stains (4 pL of each, KeyGen
Biotech Company) and 4 uL heparin. Plasma
samples were incubated at room temperature
(25°C) for 15 minutes in the dark and then
mixed with 200 pL loading buffer (KeyGen
Biotech). Beckman Coulter Gallios flow cytom-
etry was used to detect MVs, which has been
proved of high accuracy in MVs detecting and
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enumeration for MVs of different origins. EMV,
PMV and LMV were identified by CD144-
Phycoerythrin (PE), CD41b-fluorescein isothio-
cyanate (FITC) and CD45-PerCP-Cy5.5 (KeyGen
Biotech Company), respectively. Enumeration
of subsets of MVs was confirmed by dual-posi-
tive Annexin V and fluorescence label staining.
The detecting protocol was generally complied
with a previous report by Robert et al. [22].
During MVs quantization, the background to
isotypic irrelevant IgG was subtracted. Megamix
contains 0.5 ym and 0.9 um fluorescent beads
were applied in our method to ensure the accu-
racy of MVs measurement. Procoagulant PMVs
are identified as CD41 and AnnexinV positive.
EMVs and LMVs are characterized as CD 144
and AnnexinV positive, or CD45 and AnnexinV
positive, respectively.

Cell culture

Human umbilical vein endothelial cells
(HUVECs, ATCC) were maintained in endothelial
cell growth medium (EGM) containing 10% fetal
bovine serum (FBS) (GIBCO) in cell culture dish-
es. The human endothelial cell line EA.hy926
(ATCC) which were generated by fusion of
HUVECs with the permanent human lung carci-
noma cell line A549, was cultured in Dulbecco’s
modified Eagle’s medium (DMEM, GIBCO) sup-
plemented with 10% fetal calf serum (GIBCO).
Cell cultures were maintained at 37°C in a
humidified atmosphere containing (5% CO,,
95% air).

Endothelial cells treated with concentrated
MVs

PPP or CSF samples were ultracentrifugated
(Hitachi CP-WX, Japan) at 100000 g (4°C, 1
hour) to get MV precipitation, which was resus-
pended in DMEM. Different concentrations
(102, 103, 10%, 10%/ml) of MVs were tested and
the activation effect to beta-catenin were
noticed to be enhanced with the increase of MV
concentration, thus the highest concentration
10%/ml was used in endothelial cells treatment.
Cells were incubated with MVs for 24 hrs before
examination.

Knockdown beta-catenin expression in endo-
thelial cells by siRNA transfection

EA.hy926 cultured in six well plates in DMEM
with 10% FBS. 24 hours after plating, DMEM
medium was removed and replaced with
serum-free medium. EA.hy926 was transfected
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with 20 ng/ml siRNA via lipofectamine (Invi-
trogen). 6 hours later, serum-free medium was
removed and replaced with complete medium
and cells were kept culturing at 37°Cin 5% CO.,,.
Targeted siRNA sequences against beta-
catenin is 5-CAGGGGGUUGUGGUUAAGCUCUU-
3'. A scramble sequence was used as negative
control [23].

Western blotting analysis

72 hours after beta-catenin siRNA transfection,
total proteins of transfected HUVEC or EA.
hy926 cells lysis buffer were extracted (30 min,
on ice) and the total protein concentration was
determined by the bicinchoninic acid assay
(BCA assay). Equal amount of proteins (50 ug)
from lysates was separated by electrophoresis
in 8% SDS-polyacrylamide gel. Separated pro-
teins were transferred to a NC membrane. After
blocking with 5% non-fat milk, membranes
were incubated with primary antibodies against
PI3K p85a (1:500 dilution, Santa Cruz), Akt,
p-Akt, beta-catenin, p-beta-catenin (1:500 dilu-
tion, Cell Signaling) at room temperature for 4
hours, washed and incubated with horseradish
peroxidase-conjugated secondary antibodies
for 2 hours at room temperature. After exten-
sive washing, membranes were developed with
enhance chemiluminescence reagents (Ther-
mo). The band density of specific proteins was
quantified after normalization with the density
of B-actin.

MTT test

The viability of siRNA-transfected EA. Hy926
and control cells were measured by 3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) assay. Briefly, 5*10° cells were
plated into each well of a 96-well plate. At 24,
48 and 72 h after plating and incubation with
complete DMEM, respectively, 20 ul of MTT (5
mg/ml) was added to each well and incubated
for 4 h at room temperature. 200 yl DMSO was
added into each well and incubated for 5 min.
Optical density were measured at 570 nm and
cell viability were expressed as percentage of
negative control.

In vitro tube-formation assay

Tube formation assays were performed as
described [24]. Briefly, HUVEC and siRNA trans-
fected cells were seeded in 96-well and incu-
bated in reduced serum (0.2% FBS) to test
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Figure 1. MVs lev-
els were up-regu-
lated in GBM pa-
tients. (A-D) Rep-
resentative scat-
ter plot of micro-
vesicles obtained
by flow cytomet-
ry. Representati-
ve quadrants de-
rived from the mi-
crovesicles collec-
ted from healthy
control  plasma
(A), GBM patie-
nt plasma (B), he-
althy control CSF
(C) and GBM pa-
tient CSF (D). The
horizontal and ve-
rtical axes repre-
sent labeling wi-
th cell marker an-
tibodies and An-
nexin V-APC, res-
pectively (E, F).
*P < 0.05 deno-
tes significant dif-
ference.

angiogenesis
activators and
full serum me-
dia (2% FBS) to
test angiogen-
esis inhibitors.
Cells were incu-
bated at 37°C
for 6 h, fixed in
formalin, stain-
ed with Oregon
Green 488 Pha-
lloidin (Molecu-
lar Probes), and
imaged using fl-
uorescence mi-
croscopy. Num-
ber of tube br-
anches (in pix-
els) was quanti-
fied using the
Image) softwa-
re.

TCF reporter lu-
ciferase assay

The TCF report-
er luciferase as-
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say was performed following manufacture’s
protocol (Qiagen). Briefly, cells were transfected
with TCF/catenin reporter plasmid and expres-
sion plasmid. As an internal control to monitor
Renilla plasmid (pRL) were added. Luciferase
activities were determined 24 hr after transfec-
tion using the Dual-Luciferase Assay System.

Statistical analysis

Data were expressed as mean = SEM. Data
analysis and concentration-response curves
were obtained with Prism (GraphPad Software).
The comparison between groups was per-
formed by one-way ANOVA followed by
Bonferroni’s test as appropriate. Statistical sig-
nificance was determined at P < 0.05 level.

Results

MVs content change in peripheral blood and
cerebrospinal fluid (CSF) in GBM patients com-
pared with healthy control

To investigate whether glioblastoma is associ-
ated with changes of circulating microvesicles,
plasma and CSF samples from both GBM
patients and healthy volunteers were examined
by flow cytometry. Three subgroups of MVs,
EMV, PMV and LMV, were measured and identi-
fied as with CD144-PE positive, CD41b-FITC
positive and CD45-PerCP-Cy5.5 positive sig-
nals, respectively (Figure 1A-D). MVs content
increased significantly in CSF samples from
patients compared with CSF samples from con-
trols, represented by the up-regulation of all
three subpopulations of MVs (Figure 1F). EMV,
PMV and LMV were also mildly increased in
plasma samples from GBM patients comparing
to those from controls (Figure 1E).

MVs released by glioblastoma affect cell via-
blilty of endothelia cells

To determine the effect of GBM-derived MVs on
normal cells in the tumor environment, endo-
thelial cells (EA. hy.926 and HUVEC) were treat-
ed with MVs drawn from patients’ plasma or
patients’ CSF, respectively, and the cytoactivity
was measured by MTT method (Materials and
methods). For EA. hy.926 cells, cytoactivity of
control cells was measured as 0.028 + 0.013
(n = 20) (Figure 2A). Cell viability of cells treat-
ed with MVs drawn from patients’ plasma
(0.034 + 0.015, n = 20, Figure 2A) showed no
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significant change compared with controls.
While cells treated with CSF MVs from GBM
patients exhibited significant increase in cell
viability (0.153 + 0.073, n = 20, *P < 0.05)
compared to controls. These data suggest that
MVs released in CSF of GBM patients effective-
ly increased cell viability of endothelial cells.

Moreover, to test if the increased cell viability is
due to Akt/beta-catenin pathway, Akt pathway
inhibitor (LY294002) was added to these cells
together with MVs from patients’ plasma or
patients’ CSF, respectively. When LY294002
was added, the cell viability was tested to be
0.021 £ 0.069 (n = 20) for cells treated with
plasma MVs and 0.051 + 0.063 (n = 20) for
cells incubated with CSF MVs. Thus, LY294002,
the inhibitor of phosphoinositide 3-kinases
(PI3K), can significantly abrogate the stimulat-
ing effect of MVs from patients’ CSF, and this
effect might be related to the (PI3K) pathway, in
which beta-catenin might be the key effector.

While for HUVEC, similar trends were observed
(Figure 2B). MTT test for untreated control
HUVEC was 0.0471 + 0.012 (n = 20), which
increased to 0.193 + 0.032 (n = 20) when
treated with CSF MVs from GBM patients. While
treatment with MVs from plasma did not lead to
significant change in MTT test (0.047 £ 0.015,
n = 20), cell viability of MV-treated HUVEC
decreased to control level when treated with
LY294002 (Figure 2B).

GBM derived MVs stimulates endothelial cell
angiogenesis in vitro

Capillary tube formation ability is a key feature
of mature endothelial cells and has been used
as an in vitro method to screen for factors that
promote or inhibit angiogenesis [25]. Using this
method, we examined whether MVs from
patients’ plasma or CSF can drive capillary tube
formation of HUVEC cells in the collagen culture
(Materials and methods). Tube lengths of capil-
laries were recorded with a light microscope
and the length of each capillary was quantified.
As shown in Figure 3, HUVEC formed capillary
tube networks with variable lengths in collagen
gel under different treatments. Compared with
non-treated control (tube length as 100%),
cells treated with CSF MV only (10%/ml) (Figure
3D) exhibited significantly enhanced tube for-
mation ability (295.7%, n =5, *P < 0.05, Figure
3G). While HUVEC cells treated with plasma
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A 24 hr EA hy926 MTT assay

0.254
0.204
0.15-
0.104

0.054

B

0.25+

0.20+

0.154

0.104

0.05+

24 hr HUVEC MTT assay

Figure 2. MVs derived from CSF of GBM patients enhanced viability of in vitro endothelial cells. Effects of MVs were
tested on the viability of endothelial cell line EA. hy926 (A) and primary cell culture HUVEC (B). (A) Cell viability of
EA.hy926 treated with different MVs is shown after 24 h incubation. (B) Cell viability of HUVEC treated with differ-
ent MVs is shown after 24 h incubation. The viability was measured by MTT assay. The different MVs are from: con:
non MVs; MV-plasma: MVs from plasma; MV-CSF: MVs from CSF; MV-plasma+LY: MVs from plasma, with inhibitor
LY294002; MV-plasma+LY: MVs from CSF, with inhibitor LY294002. Data are represented as the mean + SD from
three independent experiments. An asterisk indicates P < 0.05.

MVs did not show significantly change in tube
formation length. Furthermore, both siRNA
(against beta-catenin) and LY294002 signifi-
cantly abolished the enhanced tube formation
ability of HUVEC cells triggered by CSF MVs
(Figure 3F, 3G), suggesting that the tube forma-
tion ability of HUVEC cells incubated with CSF
MVs was enhanced through beta-catenin-asso-
ciated signaling pathways.

MVs activates beta-catenin pathway in endo-
thelial cells in an Akt-dependent manner

The MTT assay and tube formation results indi-
cate that Akt/beta-catenin pathway was
involved in effect of CSF MVs on endothelial
cells. Therefore, we next compared the protein
levels of Akt and beta-catenin in HUVEC cells
treated with CSF MVs, and HUVEC cells treated
with plasma MVs from either patients or con-
trols to determine whether MVs derived from
GBM increased the expression of Akt or Beta-
catenin in recipient cells. As shown in Figure
4A, the beta-catenin and Akt protein levels in
HUVEC cells significantly increased after incu-
bated with MVs for 12 hours, indicating involve-
ment of MVs in activation of beta-catnin path-
way in these endothelial cells.
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Beta-catenin recruits TCF/LEF transcription
factors in the nucleus and binds to enhancers
of target genes, leading to transcription and
expression of Wnt-responsive genes. To test
the effects of activation of beta-catenin path-
way initiated by tumor-derived MVs, we also
tested whether CSF MVs can lead to the activa-
tion of downstream genes of the beta-catenin
pathway. The ratio between luciferase activity
of a TCF-responsive reporter construct and that
of a control luciferase reporter gene construct
represents TCF/beta-catenin-mediated gene
activation, which was increased by approxi-
mately three times after CSF MVs treatment
(Figure 4B). Thus, only CSF MVs from GBM
patients can significantly increase TCF act-
ivity compared with the non-treated control,
indicating the phosphorylation of Akt and beta-
catenin, which result in the elevated expression
of downstream target genes.

Discussion
In this study, we used several experimental
approaches to demonstrate that micorvesicle

(MV) levels are significantly increased in cere-
brospinal fluid (CSF) of GBM patients and these

Int J Clin Exp Pathol 2014;7(8):4857-4866
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compared to control.

MVs can induce angiogenic activity by stimulat-
ing endothelial cell tube formation. Our data
also provide evidence that MVs released from
glioblastoma is associated with the activation
of beta-catenin pathways in endothelial cells
treated with these MVs. And the activation of
beta-catenin pathway in endothelial cells is
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critical for the enhanced cell
viability and angiogenesis.
The results have several
importantimplications, includ-
, ing the finding of the novel
extracellular function of MVs,
and potentially linking MVs
with angiogenic signaling in
other cancers. However, the
interaction between GBM
MVs and endothelial cells, the
. effectors carried by MVs trig-
- gering the beta-catenin activi-

- ty and responsiveness of
- other cell types to GBM MVs

remain to be identified.

Glioblastoma is the most com-

mon type of primary malig-

7 nant brain tumor with poor

' prognosis despite of advanc-

es in surgical and chemo-radi-

ation therapies. Angiogenesis

is considered to be an impor-

tant factor in the development

of malignant brain tumors,

especially for glioblastoma.

Abnormal vascular construc-

tion with a glomeruloid appea-

rance is characteristic of

GBM. Beta-catenin is known

as one of the adhesive mole-

cules associated not only with

cell adhesion and cell polarity,

but also with carcinogenesis

[26]. Moreover, beta-catenin

signaling was associated with

proliferative  responses in

GBM. We first put forward the

f hypothesis that up-regulated

microvesicles in glioblastoma

patients (circulating blood or

CSF) may play an important

in surrounding normal

cells, as to serve as a trans-

porter of cancer effector mol-

ecules. In this study, we dem-

onstrated that MVs concentrated from CSF of

GBM patients stimulated endothelial cell prolif-

eration and enhanced cyto-viablity. By compari-

son the in vitro effect of differently-originated

MVs, we demonstrated that only CSF MVs from

GBM patients significantly induced angiogene-
sis capability of endothelial cells (Figure 3).

+ 1

+
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B-catenin

p-Akt — — - —— —

B-actin  em— — — —— —

con p-Mv C-Mv Con Con
p-MV  C-MV

Relative luciferase activity

con p-Mv C-Mv Con Con
p-MV C-MV

Figure 4. A. Western blotting demonstrating changed
B-catenin and phosphorylated Akt expression in en-
dothelial cells treated with different MVs conditions.
con: non-treated cells; p-MV: cells treated with plas-
ma MV from GBM patient; C-MV: cells treated with
CSF MV from GBM patient; Con-p-MV: cells treated
with plasma MV from control volunteer; Con-C-MV:
cells treated with CSF MV from control volunteer. The
experiment was performed three times with similar
results. B-actin was measured as a loading and lysis
control. B. Relative luciferase activity driven by TCF-
responsive promoter in differently treated cells are
shown.

However, there are several questions remain to
be explored. First, we could not exclude the
effect of exosomes during the microvesicle-
triggered endothelial cell transformation, since
exosoms have emerged as novel subcellular
transduction channels for signal molecules and
microRNAs [27, 28]. Microvesicles and exo-
somes share a lot of biological characteristics.
Both are indicated as therapeutic carriers and
transducers for certain reactive signals [29].
Currently the collection of exosomes and
microvesicles are mainly relied on ultracentrifu-
gation (exosomes: 130000 g, 30 min; MVs:
100000 g, 60 min), yet no studies has reported
any method to separate these two groups of
particles from each other. Both particles can
stimulate angiogenesis and mediate Reactive
oxygen species (ROS) level when they were
treated with cells [30]. Besides, exosomes
characterized with even smaller size (30 to 100
nm in diameter) compared to MVs (100 to 1000
nm in diameter), presenting higher demand for
accuracy and detecting resolution for testing
exosomes by cytometry.
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Also we focused on MVs in plasma and CSF,
which reflect the overall condition of patients,
instead of MVs specifically extracted from
tumor tissue. Methods to isolate MVs originat-
ed directly from tumor issues remain to be
studied. After all, MVs directly originated from
glioblastoma in GBM patients in vivo can tell us
more about roles played by MVs under certain
conditions.

Various mechanisms have connected MVs with
other bio-chemical signals or effectors such as
C-reactive protein [31], Annexin |/phosphatidyl-
serine receptor [32], P-selectin [33], beta-1
integrin [34], T-cadherin [35], p38 [36], and
etc. Beta-catenin has been proven to play a sig-
nificant role in tumorigenicity via two separate
signal pathways: the wnt/beta-catenin pathway
and GSK-3beta/beta-catenin pathway, of which
beta-catenin serves as the intersection. In
GBM patients, the expression level of wnt/
beta-catenin pathway has been proven to cor-
relate with GBM patient survival time. Wnt sig-
naling is required for central nervous system
(CNS) development and pattern formation of
the embryonic nervous system. Over-expression
of Wnt3/beta-catenin increases hippocampal
progenitor and stem cell neurogenesis in vivo
[37]. And siRNA knockdown of Wnt2 and
B-catenin inhibits cell proliferation and invasion
and induces apoptosis in human U251 glioma
cells [37].

In summary, we explored the mechanism
underlying the interaction between MVs and
endothelial cells, where MVs promote cell via-
bility and proliferation of endothelial cells by
activating beta-catenin pathway. In the future,
treatment methods targeting on MVs by inhibit-
ing beta-catenin signaling may be a new
approach to improve prognosis in glioblastoma
patients.
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