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ABSTRACT
Malignant glioma is one of the most aggressive and angiogenic human tumors and characterized by microvascular proliferations.
Vasculogenic Mimicry (VM) is a newly described phenomenon associated with increased aggressiveness and poor overall survival in
glioma. Aquaporin 1 (AQP1) is expressed by normal vascular endothelium and has been found involved in mediating cell motility and
proliferation in other malignancies. We investigated the role of AQP1 in angiogenesis in glioma cell line. Our data show that AQP1
promotes VM formation in malignant glioma, it could be a potential target for anti-vascular therapy.

INTRODUCTION
Glioma are the most frequent and malignant primary brain tumors
in adults and have a poor overall survival and quality of life. Despite
standard therapy (surgery and conventional radio-chemotherapy),
the average survival time is only 15 months, and the best 5-year
survival rate reported is only 9.8% [1]. Although malignant glioma
shows characteristics of increased angiogenesis, anti-angiogenic
therapy has not consistently resulted in a survival advantage in the
real world [2]. Maniotis [3], reported that highly aggressive uveal
melanomas can form vessels by tumor cells instead of endothelial
cells and this phenomenon of tumor vascularization has been named
as VM. In other study, VM was described the ability of aggressive
tumor cells to form vasculogenic like networks result in their high
plasticity [4-6]. In our previous study, VM has been observed in
some malignant glioma and predicted poor overall survival [7-9].
However, VM formation and its molecular mechanisms has not
been fully explained. AQP1, a water channel protein expressed on
cell membranes throughout the body, including vascular endothelial
cells [10], has been implicated up-regulation in glioma tissues and
cell lines, as in comparison to in normal tissues [11]. Furthermore,
increased AQP1 protein and mRNA expression can affect glioma
apoptosis and proliferation via regulated CyclinD1 and Bcl-2 [12],
which is essential for glioma migration and invasion.
Saadoun et al. reported that AQP1 is important for melanomas
angiogenesis, observing reduced micro-vessel density in AQP1-null
mice, and found AQP1 expression in tumor vasculature in wild-type
mice [13]. Due to its established role in cell migration in glioma cells,
and in angiogenesis in other tumor types, we proposed that blockade
of AQP1 may inhibit VM formation. The aim of this study was to
investigate the potential role of AQP1 in VM of glioma cell lines.

METHODS
Cell culture
T98G and U251 glioma cell lines and Human Umbilical Vein
Endothelial Cells (HUVECs) were obtained from ATCC (Manassas,
VA, USA). HUVECs were used as positive controls in VM formation
assays. All cell lines were cultured in complete DMEM, following the
procedure described in our previous report [14].

sample buffer (62.5 mmol/L Tris–HCl pH6.8, 2% (w/v) sodium
dodecyl sulfate, 10% glycerol, 50 mmol/L dithiothreitol, and 0.01%
(w/v) bromophenol blue) were heated at 94℃ for 5 min. Proteins
were separated on a 10% sodium dodecyl sulfate-polyacrylamide gel
and transblotted onto a Polyvinylidene Difluoride (PVDF) transfer
membrane (Bio-Rad, USA). The blot was blocked in PBS containing
0.1% Tween-20 and 5% skim milk at 37℃ for 1 h. The membrane was
then incubated in primary antibody AQP1 (1:200) at 4℃ overnight,
followed by treatment with secondary antibody conjugated with
horseradish peroxidase (1:1000). Proteins were visualized using the
ECL system (Amersham Biosciences, USA). Data were the mean of
triplicate experiments.
In vitro vasculogenic mimicry assay
In vitro VM formation was tested using a three-dimensional
culture model [9]. The cells were dissociated and re-suspended
at 5×104 cells/mL in Dulbecco’s modified Eagle’s medium
supplemented with 10% fetal calf serum (Hyclone, USA). Wells of
24-well tissue culture plates were coated with Matrigel (0.1 mL/well,
BD Biosciences, USA) which was allowed to polymerase at 37℃ for
30 min. The indicated cell suspension was then plated at 0.5 mL/
well onto the surface of Matrigel and incubated at 37℃. Cells were
photographed using microscope.

RESULTS
AqB050 inhibited the protein expression of AQP1
To verify the inhibition effect of AqB050, western blot arrays was
performed. Date show that AqB050 could effectively inhibit protein
expression of AQP1 in glioma cell line T98G and U251 (Figure 1).
AQP1 treatment Inhibits VM formation in cell lines in vitro
In order to investigate the capacity of different cells to display
vasculogenesis in vitro, we used three-dimensional matrigel tube
formation assays for direct comparison between un-treated glioma
cell lines and AqB050-treated ones. The result show that the untreated group underwent a dramatic reorganization and formed
efficiently a vasculogenic network of tubular structures within 48 h
while AqB050-treated group formed fewer structures even after 6
days (Figure 2).

AqB050 Aquaporin Blocker
The AQP1 specific pharmaceutical blocker, AqB050, was
obtained from consenting donors. The stock solution (40mM) of
AqB050 was prepared in DMSO and diluted to desired concentration
for experiments. Previous investigations had confirmed that AqB050
was not cytotoxic to cells at working concentration [15].
Western blot assay
Cell lysates were prepared with cell lysis buffer (Cell signaling,
USA). After sonication, centrifugation, and protein assay (Pierce
protein assay kit, USA), 50 lg protein and an equal volume of 29
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Figure 1: AqB050 inhibited the protein expression of AQP1
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knockdown of multiple molecular pathways and will be dependent on
individual tumor cell responsiveness.
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Figure 2: Vessel-like networks in three-dimensional culture

DISCUSSION
Glioma is the most frequent primary brain tumors and
characterized by microvascular proliferations. However, antiangiogenic therapy has shown promising but insufficient efficacy on
gliomas [16,17]. The glioma –immune interaction also be studied
through mathematical modeling to better understand the underlying
dynamics [18,19]. For years, sprouting angiogenesis has been
considered an exclusive mechanism of tumor vascularization. In
1999, VM was first reported as a functional tumor microcirculation
in melanomas [3]. VM describes a novel mechanism by which highly
aggressive tumor cells can form vessel-like structures themselves and
may function as blood supply networks, by virtue of their high plasticity
[6]. For cancer patients, VM is associated with poor prognosis, as the
unique structure of VM channels facilitates tumor cell metastasis
[17]. Recent studies suggest that VM occurs in aggressive tumors,
including gliomas. Traditional anti-vascular therapies focused
on endothelial cells are not effective in blocking tubular network
formation by tumor cells. Maybe, successful treatment of gliomas
should involve targeting both VM and angiogenesis. However, the
detailed molecular mechanisms for VM are not fully understood.
Recently, several genes such as Matrix Metalloproteinase-2
(MMP-2), Membrane Type-1 Matrix Metalloproteinase (MT1MMP), Vascular Endothelial Growth Factor (VEGF), COX-2, and
Vascular Endothelial Cadherin (VE-cadherin) have been implicated
in VM channel formation in human tumors, making them potential
targets for therapy with anti-sense oligonucleotides or monoclonal
antibodies [20]. AQP1 is a water channel protein, some study has
confirmed that AQP1 promote glioma proliferation and reduce
apoptosis [12]. In this study, AqB050 was used to inhibit protein
expression of AQP1 in glioma cell line T98G and U251, we went
on to perform a three-dimensional matrigel tube formation assays
to investigate the effect of AQP1. We found that the un-treated
group underwent a dramatic reorganization and formed efficiently a
vasculogenic network of tubular structures within 48 h while AqB050treated group formed fewer structures even after 6 days. And it turns
out that AQP1 may be a key regulatory factor for VM in glioma cells.

CONCLUSION AND SUGGESTION
In conclusion, we certified by our study that inhibition of AQP1
suppresses VM, in another word, AQP1 which involved in glioma
migration and invasion, may also contribute to VM in glioma
cells, AQP1 may be a potential target for anti-VM therapy. But we
need to know, VM appears to be a result of a highly redundant and
complex interaction of different molecules. Clinically, inhibition of
tumor progression through limiting blood supply will likely require
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