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Summary

Vasculogenic mimicry (VM), a microvascular channel
made up of nonendothelial cells, has been accepted as a new
model of neovascularization in aggressive tumors, owning
to the specific capacity of malignant cells to form vessel-like
networks which provide sufficient blood supply for tumor
growth. Multiple molecular mechanisms, especially vas-
cular endothelial (VE)-cadherin, erythropoietin-producing
hepatocellular receptor A2 (EphA2), phosphatidyl inositol
3-kinase (PI3K), matrix metalloproteinases (MMPs), vas-
cular endothelial growth factor receptor (VEGFR1), and hy-
poxia inducible factor (HIF)-1a, have been reported to par-

Introduction

Malignant tumors possess the capabilities of
survival, growth, invasion, and metastasis. Two
models of forming blood vessels were shown to be
implicated in tumor progression: vasculogenesis
[1], reorganizing randomly distributed incorpora-
tion of cells inplanting into a blood vessel net-
work, and angiogenesis [2], a form of new vessels
from preexisting vasculature because of external
chemical stimulation. Numerous studies have
paid much attention to the roles of angiogenesis,
showing that new blood vessels are recruited by
tumors cells from the existing vasculature [3] and
the factors secreted by tumor cells [4,5], or the
surrounding stromal cells [6]. Besides tradition-
al tumor angiogenesis and vasculogenesis, VM,
which was first elaborated in 1999, is a new phe-
nomenon about fluid-conducting channels formed

ticipate in VM formation which is associated with tumor
migration and invasion. In addition, hypoxia, cancer stem
cells (CSCs) and epithelial-mesenehymal transition (EMT)
are regarded as significant factors in VM formation and
tumor metastasis. Due to the important effects of VM on
tumor progression, a review was carried out in the pres-
ent study, to synthetically analyze the relationship between
VM and tumor metastasis.

Key words: clinical significance, molecular mechanisms,
tumor mestastasis, vasculogenic mimicry

by highly aggressive melanoma cells [1]. In VM
microcirculatory channels lined by nonendotheli-
al cells are generated by pluripotent embryonic
stem cells, highly invasive tumor cells and the
extra-cellular matrix in aggressive primary and
metastatic tumors. VM mimics the function of
blood vessels that allows red blood cells (RBCs)
to flow through them, and provides an alternative
mechanism to supply malignant tumors with ade-
quate blood [7]. When the growth of blood vessels
depending on endothelial cells is unable to keep
pace with the tumor tissues’ growth, some tumor
cells change their original functions to imitate
those of endothelial cells. These findings demon-
strated that VM plays a significant role in blood
supply in malignant tumors [1,2,7].

From then on, VM has been found in many
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malignant tumors such as breast cancer, liver can-
cer, glioma, ovarian cancer, melanoma, prostate
cancer, and bidirectional differentiated malignant
tumors, and the existence of VM was confirmed
through many advanced technologies such as la-
ser scanning confocal angiography, electron mi-
croscopy, and three-dimensional (3D) cell culture.
Previous studies mainly aimed at analyzing the
important roles of VM in tumor growth, but no
systematic elucidation regarding the relationship
between VM and tumor metastasis exists. There-
fore, in the present study, a review was made to
provide an updated study on VM in tumor me-
tastasis, further discussing the origin of VM, cur-
rent status of studies on VM in tumors, molecular
mechanisms of VM, factors affecting VM forma-
tion in tumor metastasis, and clinical significance
of VM formation in tumor metastasis.

The origin of vasculogenic mimicry

A great deal of studies in pathology described
a high degree of plasticity related to aggressive
cancer. However, researchers did not have enough
tools to clarify the pathogenesis or the biological
significance of tumor cell plasticity. In 1999, the
American Journal of Pathology published an ar-
ticle presenting a new interpretation of previous
findings. The new interpretation described cancer
cells lined by nonendothelial vascular channels
within a tumor mass that contained RBC’s [8]. The
article “Vascular channel formation by human
melanoma cells in vivo and in vitro: vasculogenic
mimicry” written by Maniotis et al. [1], evoked a
bouncing debate for several years. Subsequently,
a positive and controversial commentary about
the significance of this article was published.
“Tumor plasticity allows vasculogenic mimicry,
a novel form of angiogenic switch” reported by
Bissell [9] was further in favor of the implications
of the original article with respect to the efficacy
of angiogenesis inhibitors by a highlight note in
Science [10]. The controversial commentary enti-
tled “Vasculogenic mimicry: how convincing, how
novel, and how significant?” [11] presented sev-
eral questions regarding the original VM report.
For example, the VM structures are like blood
vessels and could they contribute to blood sup-
ply significantly? Or in blood vessels is there a
connection between endothelial cells and tumor
cells? Afterwards, these questions were discussed
in different meetings or reports. Using molecu-
lar tools that have become available, researchers
made great efforts to explore the molecular de-
terminants driving aggressive cells to express an
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underlying angiogenic program forming the early
vascular channel. Several key molecules includ-
ing MMP, VE-cadherin, PI3K, Akt, MUM-2, have
been demonstrated to be involved in VM [12]. And
evidence regarding a novel occurrence of tumor
vascularity has been published, which suggests
that tumor cells themselves composed the chan-
nels because their structures are lined by cells
lacking the endothelial phenotype and markers
[13-15], indicating that the pattern of tumor vas-
cularization appears to be VM.

The definition of VM was first put forward to
depict the unique ability of forming capillary-like
structures and matrix-rich patterned network in
3D culture that imitates embryonic vasculogen-
ic network via highly aggressive melanoma cells
[1]. The hypothesis was put forth at the time, ac-
counting to the transport of injected fluorescent
dye throughout VM networks in 3D culture, and
VM was reported to serve as a selective advantage
for fast growing tumors by giving a perfusion
pathway, transporting fluid from vessels in leak,
and relating with traditional vasculature lined
endothelial cells. The VM pattern is involved in
vessels lined with tumor cells which mimic the
endothelial cells’ existence and function [1,7], and
derive from the tumor cells.

Current studies on VM in tumors

Now it is suggested that tumor stem cells can
successfully differentiate into endothelial cells
which line up to form a lumen, then the new lumen
connects with mosaic vessels or endothelium-de-
pendent vessels, and the new vessels become sta-
ble when blood flow becomes smooth. There are
many studies supporting this theory. Tumor stem
cells possess the capacity for self-renewal and
differentiation, which aroused researchers’ great
interest in redefining tumor vascularization [16].
The genes’ expression associated with vascular
cells in tumor cells could be explained via the
plasticity of tumor stem cells [17,18]. Meanwhile,
the organization of tubular structures by tumor
cells has been explained by tumor stem cells [1].
A human renal cell carcinoma study observed
that a subset of tumor-initiating cells expressing
CD105, the mesenchymal stem cell marker, and
displaying stem cell properties but lacking of dif-
ferentiative epithelial markers, can generate epi-
thelial and endothelial cells in vitro [19]. A study
in vivo also revealed that both tumor epithelial
and endothelial cells can be differentiated by tu-
mor stem cells [20]. Recently, it has been reported
that in neuroblastomas, tumor stem cells had the
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capacity of differentiating into endothelial cells
[21,22]. Further studies have shown that tumor
stem cells co-expressing CD133 and CD144 [22],
or Oct4 and tenascin C [23] had the potential of be-
coming tumor vasculature. Selective targeting of
tumor-derived endothelium in mouse xenografts
led to tumor reduction and degeneration, showing
a relevant role of vasculogenesis derived from tu-
mor stem cell [21].

Molecular mechanisms of VM

Expression of high levels of matrix metalloproteinase
substances by tumor cells participates in vascular sig-
naling pathways

Compared with highly aggressive melano-
ma cells, microarray analyses of non aggressive
melanoma cells revealed a differential expression
pattern of candidate genes, associated with the
ECM and cell-ECM interactions, which could be
involved in and facilitate VM. Specifically, highly
aggressive melanoma cells can overexpress the
level of matrix metalloproteinases (MMP-1, 2, 9,
and 14) and the y2 chain (compared with a3 or
B3 chains) of the laminin 5 (laminin-332; Lnb5),
an heterotrimeric basement membrane glycopro-
tein, compared to less aggressive melanoma cells
[24,25]. This high level of expression of MMPs
and the presence of the laminin receptor on tu-
mor cells’ surface can promote cells to attract
more laminin. Laminin can be cleaved into sever-
al short chains by activated MMPs, which eventu-
ally promote the formation of VM. PI3K is a lipid
kinase that acts through phosphorylation of its
substrates, mainly including phosphatidylinositol
or its derivatives. The PI3K signaling pathway has
been shown to be inevitable in normal cell pro-
cesses such as proliferation, differentiation, sur-
vival, metabolism, and motility [26]. Akt, known
as protein kinase B (protein kinaseB, PKB), is a
serine/threonine protein kinase that plays an inte-
gral role in the PI3K signaling pathway. Like PI-3,
4-P2 and PI-3, 4, 5-P3, the PI3K’s products after
activation, could combine with Akt’s pleckstrin
homology (PH) domain which leads to Akt’s trans-
location from the cytoplasm to the cell membrane
and its conformational change further promotes
its activation. It has been shown that the PI3K/
Akt signaling pathway can regulate the function
of MMP-14 (MT1-MMP), which activates MMP-
2 with the help of the tissue inhibitor of MMP-2
(TIMP2), and the activated MMP-2 then cleaves
5y2 chain into Y2’ and y2x chains [27]. MMP over-
expression in human ovarian cancers has been

shown to contribute to the formation of a vascular
system lined by tumor cells [28]. Furthermore, it
has been found that Ln5-y2 chain, MMP-14 and
MMP-2 could co-locate with VM tubular net-
works formed in a 3D type I collagen matrix by
aggressive (but not non aggressive) melanoma
cells, and resembled laminin networks in tumor
sections of aggressive melanoma , as well as in
human melanoma xenografts in nude mice. The
findings demonstrated that PI3K/Akt, MMPs, and
Ln-5y2 chain contribute to extra-cellular matrix
remodeling and VM formation, which implies an
important target for anticancer therapy via in-
hibiting the PI3K/Akt signaling pathway and the
MMP activation.

Secretion of adhesion molecules by tumor cells en-
hances the adherence of the VM wall and participates
in vascular signaling pathways

VE-cadherin has been considered as an ad-
herent protein restricted in endothelial cells. It is
a transmembrane protein of the cadherin family
and plays a key role in forming tight connections
among endothelial cells [29]. VE- cadherin closely
related with the virtual channels, formed only in
the presence of highly aggressive tumors. Highly
aggressive melanoma cells have been reported to
express VE-cadherin, however, no expression was
observed in less aggressive melanoma cells. It is
also proved that downregulating of VE-cadherin
expression can inhibit VM formation [18].

Two of the first proteins identified to play an
important role in mediating VM in melanoma
were VE-cadherin, a cell-cell adhesion molecule
associated with endothelial cells, and EPHA2, a
member of the ephrin-receptor family of PTKs ex-
pressed in melanoma cells with a metastatic phe-
notype, both of which are crucial to angiogenesis
[18,30]. Studies designed to detect the function
of these proteins in promoting VM formation of
melanoma revealed that downregulation of ei-
ther VE-cadherin or EPHA2 inhibited VM. EPHA2
knockdown could make cells lose their VM-form-
ing abilities and lead to EPHA2’s redistribution in
the cell membrane, but it did not affect the VE-cad-
herin’s position in cell-cell adhesion [31]. Further-
more, VE-cadherin has been proved to modulate
the location and level of EPHA2 phosphorylation,
providing the first evidence that signal transduc-
tion from the plasma membrane is necessary for
melanoma VM [32].

In addition, FAK is a cytoplasmic tyrosine
kinase associated with focal adhesion [32]. Rele-
vant studies showed that FAK could regulate VM
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migration, invasion, and formation in malignant
tumors. When FAK is positioned on a membrane,
it can activate extracellularly signal-regulated
kinasel and 2 (ERK1/2). ERK1/2’s phosphoryl-
ation further mediates MT1- MMP and MMP-2
through the PI3K signal pathway, and is involved
in the extracellular matrix plasticity, migration,
invasion, and VM formation [33,34].

Dedifferentiation of tumor cells is vital to formate
VM channels

Many studies have demonstrated that VM
can be only found in highly aggressive melano-
mas. There is a cDNA microarray study in a pa-
tient with poorly and highly aggressive melano-
ma cells, which revealed that highly aggressive
tumor cells expressed genes related to multiple
cellular phenotypes of endothelial and hemato-
poietic stem cells [18,35,30]. It has been found
that two clones could be discovered by the trans-
planted tumors of the human melanoma cell line
MUM-2: MUM-2B and MUM-2C [32]. MUM-2B,
owning to an epithelioid and mesenchymal phe-
notype, has high aggressiveness, and VM is found
in tumor tissues. However, MUM-2C, showing a
mesenchymal phenotype, has low aggressiveness,
and VM is seldom observed in these tumor tis-
sues.

Part of tumor cells possess the capability of
self-renewal and another part of tumor cells called
CSCs have the ability of multiple potential differ-
entiation, which were observed in many tumors,
including breast cancer [37], glioblastoma [38], co-
lon cancer [39], melanoma [40,41], ovarian cancer
[42,43], prostate cancer [44], and pancreatic cancer
[45]. Recently, many studies implicated the effect
of CSCs on VM formation. For example, adherent
bone marrow stromal cells (BMSCs) derived from
CD133+/CD34+ stem cells via secreting higher
level of insulin growth factor-1 (IGF-1) and SDF-1
alpha resulted in formating capillary-like struc-
tures (VM) on Matrigel [46]. Ricci-Vitiani et al.
found that in glioblastoma, the vessels in tumor
xenografts generated by orthotopic or subcutane-
ous injection of glioblastoma stem-like cells in
immunocompromised mice were made up of hu-
man endothelial cells, which indicated the CSCs’
differentiation potential along the endothelial lin-
eage and their involvement in VM formation [21].

Other relevant factors

Tissue factor (TF), a transmembrane protein,
is expressed in many cell types, including smooth
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muscle cells, endothelial cells, macrophages, and
solid tumors [47,49-51], and is related to vascular
system development [51,52]. TF pathway 1 (TFPI1)
and TF pathway 2 (TFPI2) are two coagulation
pathway inhibitors, playing an important role in
maintaining coagulation and anticoagulation sys-
tem balances. Recently, a study demonstrated that
TF, TFPI-1, and TFPI-2 were overexpressed in hu-
man invasive melanoma cells [53]. TFPI-1 is asso-
ciated with perfusion of VM by its anticoagulant
function, and TFPI2 through the interaction with
MMP-2 is involved in endothelial cell matrix re-
modeling and VM formation.

Almost all tumor cells secrete vascular en-
dothelial growth factor (VEGF)-A that belongs to
the angiogenic growth factor family associated
with tumor angiogenesis. Binding VEGF-A to its
ligand results in dedifferentiation of endotheli-
al cells into its precursors, stimulating vascular
channel proliferation and formation in tumors,
especially in avascular regions. These findings
showed that, in melanoma, VM and angiogenesis
were mediated by VEGF-A [54]. VEGF-A upregu-
lates VE-cadherin, EPHA2 and MMPs expressions
[55], and VEGFR2 expression contributes to the
formation of capillary-like structures (VM) [56,57].

Hypoxia promotes VM formation by induc-
ing EMT [58]. HIF-1a activates the expression of
VEGF, and the latter is related to VM formation
[59-61]. The expression of VE-cadherin is medi-
ated by Gal-3 and MMP-2 which have been con-
firmed to promote VM formation [62]. Silencing of
Gal-3 results in the inhibition of VE-cadherin and
IL-8 promoter activities. The increase of cyclic
adenosine monophosphate (cAMP), a second mes-
senger regulating cell growth and differentiation,
results in inhibition of VM formation through
activation of Epac/Rapl pathway and inhibition
of MMP-2 and MT1-MMP expression. Nodal is
a member of one transformation growth factor
B (TGF-B) superfamily and plays a vital role in
maintaining tumorigenicity and melanoma pro-
gression. Activation of Nodal contributes to VM
formation by increasing VE-cad expression [63].
And inhibition of VM formation could be inhib-
ited via the activation of Nodal signal mediated
by cAMP [64]. Cyclooxygenase (COX), a necessary
enzyme in prostaglandins synthesis, consists of
the isoenzymes COX-1 and COX-2. COX-2 results
in upregulation of VEGF expression by activating
PKC, and PGE-2 expression, thereby promoting
VM formation [65].

Inhibitors of DNA binding 2 (Id2), migra-
tion-inducing protein 7 (Mig-7), caspase-3, en-
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dothelin (ET)-1, bone morphogenetic protein 4
(BMP4), and human chorionic gonadotropin (hCG)
are all associated with the induction VM forma-
tion.

Factors affecting VM formation in tu-
mor metastasis

Hypoxia promotes VM formation and increases tu-
mor metastasis

Hypoxia, either persistent or transient, is a
distinguishing feature of most solid tumors and
can regulate pathways in cellular differentiation,
induction or maintenance of stem-like cell char-
acteristics, tumor progression, angiogenesis, and
VM, all of which are markers of poor prognosis
in cancer patients. The HIF complex, including
HIF-1B and one HIF-a subunit (HIF-1a, HIF-2q,
or HIF-3a) is a vital regulator of oxygen homeo-
stasis in both physiological and pathological en-
vironments. Under low oxygen availability, HIF-
la - after protein stabilization and translocation
- goes into the nucleus, where it binds to gene
regulatory regions containing hypoxia response
elements and activates transcription of hypox-
ia-target genes [66,67].

Especially, hypoxia and subsequent HIF over-
expression in tumor cells induce the expression of
gene products that are associated with angiogen-
esis (eg, VEGF), which is important for cell via-
bility, tumor survival, and metastasis. Meanwhile,
it was demonstrated that hypoxia can induce VM
in hepatocellular carcinoma, Ewing’s sarcoma,
and melanoma. Furthermore, hypoxia can induce
a dedifferentiated phenotype in breast carcinoma
[68].

Related to VM, hypoxia can directly modu-
late VEGF-A, VEGFR1, EPHA2, Twist, Nodal os-
teopontin, COX-2, VE-cadherin, TF, and PEDF
expression [69]. Furthermore, hypoxia can regu-
late the expression of Notch-responsive genes by
HIF-1a stabilization of the Notch intracellular do-
main protein and subsequent activate genes with
Notch-responsive promoters. The interaction be-
tween HIF-la and Notch signaling pathways is
thought to promote an undifferentiated cell state,
which illuminates the possible etiology of tumor
cell plasticity underlying VM. Another mecha-
nism is through the generation of mitochondri-
al reactive oxygen species, by which hypoxia can
promote VM. It is proved that Redox-dependent
stabilization of HIF-1la and induction of VM are
true in melanoma [70,71]. These studies demon-

strated that hypoxia-induced VM plays a critical
role in tumor progression. Treatment with some
antiangiogenic agents inhibiting tumor perfusion
and increasing intratumoral hypoxia, has demon-
strated increased metastatic potential and VM
[33,72,73].

Invasive CSCs are crucial in tumor invasion and me-
tastasis

Recently, a increasing number of studies indi-
cated that CSCs are implicated in VM formation.
There is evidence showing that adherent BMSCs
derived from CD133+/CD34+ stem cells from
acute leukemia patients were able to secrete high-
er levels of insulin growth factor-1 (IGF-1) and
SDF-1 alpha, and could result in the formation the
capillary-like structures (VM) on Matrigel [21].
Furthermore, it is shown that in glioblastoma,
the vessels in tumor xenografts generated by or-
thotopic or subcutaneous injection of glioblasto-
ma stem-like cells in immunocompromised mice
were composed of human endothelial cells, which
indicated CSCs’ differentiation potential along
endothelial lineage and their involvement in VM
formation [21]. In addition, it is demonstrated that
in oral squamous cell carcinoma (SCC), TRA-1-
60+/beta6+ stem cells were capable of producing
vascular-like structures in vivo.

Several authors have reported that CSCs are
able of differentiating towards tumor and en-
dothelial lineages [21,74]. In addition, CSCs are
associated with tumor invasion and metastasis
[75], and many CSC markers were involved in
these processes, such as ALDH1 [76], FRMD4A
[77], and CD44 [78]. Hermann et al. showed that
CSCs phenotypes of CD133/CXCR4 in pancreatic
cancer are related to tumor metastasis and tum-
origenesis, and CSCs are classified into two types:
invasive CSCs, crucial in tumor invasion and me-
tastasis, and stationary CSCs associated with tum-
origenesis [45].

Epithelial-mesenehymal transition (EMT) involved in
tumor invasion and metastasis

EMT is a dedifferentiation process that plays
an integral role in tumor progression. Via epithe-
lial cells transitioning into mesenchymal cells,
EMT acquires mesenchymal features and loses
epithelial phenotypes, mainly including epitheli-
al marker downregulation, mesenchymal marker
upregulation, and cell polarity loss. An increasing
amount of evidence shows that EMT is associat-
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ed with tumor invasion and metastasis. Tumor
cells generate oncogenic metabolism, which can
create an acidic tumor microenvironment to pro-
mote EMT and overexpress tumor cell stemness.
CSCs interact with various other cells in the niche
via adhesion molecules. Molecular signals are ex-
changed among these cells, which can maintain
the specific features of stem cells and increase
metastatic capabilities [79,80]. Recent studies
show that transcription factors related to EMT
are upregulated in VM-forming tumor cells. As
a main EMT-mediated process regulator, Twist
reportedly promotes breast cancer metastasis
into distant regions [81]. In colorectal carcinoma
(CRC), Liu et al. showed that in VM-positive sam-
ples ZEB1 expression was upregulated compared
with VM-negative samples, while it occurred con-
currently with EMT traits. Furthermore, ZEB1
knockdown in tumor cells abolished VM forma-
tion, resulted in epithelial phenotype restoration,
and evidently repressed tumor migration and in-
vasion [82]. Moreover, decreasing expression of
ZEB1 led to decreased VE-cadherin expression
and Flk-1, which went against VM formation. All
of these mean that EMT contributes to VM forma-
tion, while contributes to tumor metastasis.

Clinical significance of VM formation
in tumor metastasis

The special feature of VM channels’ structure
plays a critical role in hematogeneous metastasis
of tumor cells. Tumor cells line the VM channels’
inner surface, and are directly exposed to blood
flow. Tumor cells can migrate through the blood-
stream to finish leaking out and metastasize to
other organs and tissues. Moreover, tumor cells
which line the VM channels possess high aggres-
siveness, poor differentiation and high plasticity.
The cells can secrete proteins mediating tumor
invasion and metastasis, which can degrade ad-
jacent connective tissues and penetrate the base-
ment membrane of blood vessels.

Several studies have demonstrated that VM
is implicated in poor patient clinical prognosis
[1,83,84]. We all know that antiangiogenic treat-
ment is widely accepted as an effective anti-can-
cer therapy. Traditional antiangiogenesis drugs,
like angiostatin and endostatin, mainly exert im-
portant effects on inhibiting cancer growth and
metastasis via reducing endothelial cell prolifer-
ation or inducing endothelial cell apoptosis. But
they have little effect on vessel-like structures
lined by tumor cells because of the absence of en-
dothelial cells. When the number of blood vessels
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is reduced as a result of antiangiogenic therapy,
it may lead to hypoxia. Subsequently, oxygen and
nutrient deficiency as a compensatory stimulus
will contribute to VM formation and indirectly
promote tumor progression. There are many argu-
ments to support this viewpoint. For example, in
breast cancer, the preclinical and clinical results
are likely due to the development of a hypoxic mi-
croenvironment within the tumor, resulting in the
proliferation of CSCs, a cell type with the greatest
degree of plasticity and ability to metastasize [85].
In addition, there is evidence suggesting that a
hypoxic microenvironment within a tumor may
promote the development of tumor-derived en-
dothelial cells in glioblastoma [86].

Considering the diverse nature of vascular
perfusion pathways in tumors, it may be prudent
to detect the efficacy of currently available angi-
ogenesis inhibitors on tumor cell VM, in addition
to endothelial cell-driven angiogenesis. Increas-
ing evidence demonstrated that curcumin, imati-
nib, and thalidomide have all been shown to in-
hibit melanoma VM, concomitant with decreases
in EPHA2, VE-cadherin, PI3K, VEGF, HIF-1, MMP-
2, and MMP-9 expression and/or activity, sug-
gesting that these compounds can affect several
different aspects about the signaling mechanisms
mediating VM [87-89].

Therefore, with further studies and a large
number of clinical trials, VM inhibitors com-
bined with antiangiogenic therapies appear to be
a promising therapeutic target in antitumor ther-

apy.

Conclusion

VM, being a new pattern of blood supply, has
attracted the attention of many researchers. How-
ever, many unique abilities and functions to VM
channel formation remain to be elucidated. Now
it is common knowledge that VM describes the
functional abilities of aggressive cancer cells to
express a multipotent, stem cell-like phenotype
and form ECM-rich and patterned vasculogen-
ic-like networks to provide adequate blood supply
for tumor growth in a 3D matrix. To be a unique
perfusion way, VM has been found in a variety of
aggressive tumors. Many molecular mechanisms,
especially VE-cadherin, EPHA2, PI3K, MMPs,
VEGFR]1, and HIF-1a, are involved in tumor mi-
gration, invasion, and VM formation. In addition,
hypoxia, CSCs and EMT are considered as signif-
icant factors in the relationship between VM and
tumor metastasis. Due to the significantly differ-
ent structures from endothelium-dependent ves-
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sels, traditional antivascular therapies aiming at
endothelial cells play no effective role in malig-
nant tumors with VM. Now it is time to contrib-
ute to a promising therapeutic target in anti-tu-
mor therapy by combining of VM inhibitors with
antiangiogenic therapies.
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