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Epithelial glioma is the most common brain cancer, accounting for 35.26%-60.69% of intracranial tumors with an average of
44.69%, and it remains the greatest challenge in the field of neurosurgery. The median survival time of patients with advanced
glioma is only 12 to 18 months due to the characteristics of high aggression, and the therapeutic effect was poor though surgery,
chemotherapy, and targeted drug therapy being treated. Because of the presence of heterogeneity and the differentiation disorder,
only a small number of glioma cells are the source of tumor growth and metastasis, which are highly resistant to traditional
treatments. They are deemed as the “seed” tumor cells as they could get rid of the effect of the treatment and reconstruct the
organization of tumor. They are also termed as brain tumor stem cell (BTSC) or glioma stem cells (GSCs) since neural stem
cells share similar features with them. Recent data reveal that they are directly related with invasion, angiogenesis, tolerance,
chemotherapy, recurrence of glioma. Based on the research result by the team, the paper elaborates the characteristics of GSCs

and the relationship with the tumor angiogenesis.
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Epithelial glioma is the most common malignant tumor of
the brain tumors,!'! accounting for 35.26% to 60.69% of in-
tracranial tumors, with an average of 44.69%, and its corre-
sponding treatment remains a challenge in the field of neu-
rosurgery. Despite the use of the best available multimodal
therapeutic approaches, such as surgery, radiotherapy and
chemotherapy, and targeted drug therapy, it still offers a dis-
mal patient prognosis due to highly aggression in high grade
gliomas, and the average survival period is only 12 to 18
months.[>3! In fact, only a minority of cancer cells, sim-
ilar to seed cells of tumor, is the source of tumor growth
and metastasis due to heterogeneity and differentiation dis-
order, which imposes conventional therapy resistance and
escape the destruction for the construction of tumor. They
are known as brain tumor stem cell (BTSC) or glioma stem
cells (GSCs) due to similar characteristics with neural stem

cells. Recent data shows that'*®! it has a direct relationship
with the invasion, angiogenesis, tolerance, chemotherapy,
recurrence and so on. The discovery of GCSs provides a
new path for the study and treatment of gliomas. Our pa-
per mainly focuses on GSCs’s own characteristics and its
relationship with the tumor angiogenesis, and the research
results are introduced as follows.

1 The characteristics of glioma stem cells
1.1 Glioma stem cell therapy

Stem cell (SC) refers to the cell that possesses two proper-
ties of self-renewal and multi-differentiation. Usually, it is
divided into three categories according to differentiation ca-
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pacity. (1) Embyonic stem cell (ESC), also known as totipo-
tent stem cell (TSC), can differentiate into any specialized
cell types. (2) Pluripotential stem cell, with multiple differ-
entiation potential, has the potential to differentiate into a
variety of tissue cells, meanwhile it losses the ability to de-
velop into a complete individual. Among them, bone mar-
row derived from stem cell (BMSC) and hematopoietic stem
cell (HSC) are the representative types. (3) Adult stem cells
(ASC), also known as unipotent stem cell (USC), progenitor
cells or precursor cells, and cancer stem cells (cancer stem
cell, CSC), belongs to the category of adult stem cells.

There are many names for cancer stem cells in the literature,
such as pre-cancerous stem cells (pCSCs), side population
cell (SP cell), cancer stem cells (CSC), stem-like cells, tu-
mor initiating cells (TIC) and so on. The doubt whether
they the same tumor initiating cells, or GSC is not a single
group remains to be unveiled. Therefore, American Asso-
ciation for Cancer Research (AACR) normalized the defini-
tion: cancer stem cells refers to the tumor cells that possess
the capacity of self-renewing and heterogeneous production.

The concept of tumor stem cells was first raised in the
study of hematologic malignancies, indicating that only
a small group of cells possess the ability to infinite pro-
liferation rather than the whole cells. Animal experi-
ments demonstrate that immature leukemic cells in the
CD34+/CD38- stimulate the formation of tumor in mice
with immunodeficiency, while the mature leukemic cells in
the CD34+/CD38+ cannot form tumor.*~'l Tumor stem
cells has been generally accepted when they are succes-
sively identified in the tumor tissues of leukemia, breast
cancer, brain cancer, lung cancer, skin cancer, liver cancer,
pancreatic cancer and colorectal cancer, along with the de-
velopment of in-depth research.

1.2 Origin of glioma stem cell

In 1920s, Bailey speculated that cells of origin of glioma
derived from normal cells of the same name in 1920s as
he found the same morphology of astrocytoma cells as as-
trocyte, and oligodendrocyte cells as oligodendrocytes via
microscope observation. When these tumors become more
malignant, the cancer cells show the characteristics of low
differentiation of precursor cells so that the malignant astro-
cytoma is also called astrocytoma. However, the discovery
of neural stem cells undermines the views above.['?! CSC
is regarded as the "seed" cell of tumor growth, but it merely
emphasizes that only few cells in the tumor tissues possess
the characteristics of infinite proliferation and parental dif-
ferentiation, while other cells have finite proliferation ca-
pacity. It is concluded that the origin of CSCs is related to
the stem cell.l'314] Meanwhile, tumor tissue is from an un-
differentiated stem cell like CSCs or tumor initiating cells,
which constitute one or several subpopulations of the tumor,
and plays an important role in the tumor’s initial launch.!'¥!
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The origin model is shown in Figure 1.
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Figure 1: Origin and development patterns of cancer stem
cells. (A) Normal tissue stem cell may generate stable stem
cell through process of self-renewal, or produce progeny
which could not renew themselves but can differentiate into
all mature cell types in their tissues. The progeny will
differentiate into specific (committed) stem cells and finally
into mature cells. Genetic or epigenetic mutations may
potentially occur in normal stem cells due to its
self-renewal capacity. (B) Tumor and its origin have
similar organizational structure. Tumor stem cells generate
new tumor stem cells or progeny and eventually
differentiate into the cells in the tumor tissues by
self-renewal. Although there is no direct evidence for the
origin of cancer stem cells, it is possible that he derives
from normal stem cells or acquires the ability to renew
themselves.

Cellular malignant transformation gradually results from
multi-gene mutation in cells. In theory, the differentiated
cells could not complete the accumulative process of these
multiple variants due to its short life cycle. The biologi-
cal characteristics of stem cells, such as self-renewal and
long-term survival and infinite proliferation, enable the pos-
sibility for multiple mutation accumulation.!*! However, in
2006, Takahashi, a Japanese scholar transplanted OCT3/4,
Sox2 and c-myc and KLF4, 4 kinds of transcription factor
gene into the mouse fibroblast cells successfully, which in-
duced the dedifferentiation and exhibited stem cell proper-
ties when he conducted researches about induced Pluripo-
tent stem cells (iPS).['"”! Academician Ceng Yixin proposed
a new tumor cells origin theory!!®/that ordinary tumor cells
can also evolve into GSCs induced by chromosomal insta-
bility, which was then known as stem cells like tumor de-
rived cancer cells (SLCC). Previously, the origin of TSCs re-
mained controversial, during which Chen proposed the con-
cept of pre CSCs.['”) They isolated a new set of cells, which
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were somewhat similar to CSCs, from the tumor tissue. The
new cells turned to different outcomes when induced by dif-
ferent cellular signaling. Some grow into cancer cells or
cancer stem cells, while some also maintain active state or
removed from the body’s immune system. The researchers
called these unusual cells CSCs. The theory of pre CSCs
is an important supplement to CSCs theory, which is the
source of the CSCs. Though more researches are required
to demonstrate the existence of pre CSCs, it has vital impli-
cations for the occurrence and development of CSCs model.

1.3 Surface marker of cancer stem cells

1.3.1 The essential factors for identification of CSCs in-
clude the "'tumor spheres'', oncogenicity, multi po-
tential differentiation, single cell cloning and stem
cell marker, among which stem cell marker serves

as the most frequently used method by researchers

CD133, also known as Prominin-1, is a transmembrane pro-
tein. It is recognized as a stem cell marker due to its strong
positive expression in juvenile cell but the expression de-
creased or even disappeared along with cell differentiation
and maturation process. Usually, monoclonal antibodies are
used to detect the presence and content of the target pro-
tein. All the current CD133 antibodies, such as AC133,
acl41, 293c verify the existence of the protein by detect-
ing glycosylation site on the surface. The precise defini-
tion of CD133 as a GSCs marker by immunohistochemistry
and cell chemistry should be: CD133 glycosylation of the
positive glioma cells is GSCs. It is possible that CD133
changes in the differentiation process, that is, the glycosyla-
tion epitope of CD133 protein is gradually reduced, but not
the whole protein.?!'! The growth pattern of CD133+ and
GSCs is “spherical aggregates”.) We may find the avail-
able GalC, GFAP and MAP?2 cells expressed when induced
to differentiation, indicating that they are primitive. The sin-
gle isolated GSCs potentially clones and gradually forms a
“spherical aggregates” for its self-renewal ability. Also, it
shows strong oncogenicity of GSCs when transplanted into
tumor cell though under minimal number.

Recent research confirms that a small group of CDI133
+ glioma cells share the characteristics of stem cells,
which undermines the role of CD133 as GSCs test “stan-
dard”.?>261  CD133+ cells are isolated from glioma by
flow cytometry or immunomagnetic beads and the remain-
ing CD133- proceeds into tumor spheres. CD133 + tumor
cells could not be detected in some primary gliomas, and
0.5% 2% CD133 tumor cells could aggregate into spher-
ical cells, but a large number of glioma cells did not pos-
sess the growth characteristics of stem cells. The CD133
glioma cells which were clustered into spheres show no ex-
pression of related neuro-biology marker in the natural state,
but the expression of GalC, GFAP and MAP?2 are obtained
after differentiation induction. We made some discoveries
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when aggregation of CD133 glioma cells had been diluted
into a single cell for culture that 16.9%-53.8% could clone
and re-formed tumor sphere, showing no significant differ-
ences from CD133GSCs. CD133- glioma cells produces
a lot of adherent glioma cells in the formation of the tu-
mor sphere, but they lost previous ability to clone when the
adherent cells were diluted into single cells again. A part
of CD133- glioma cells with the capacities of aggregate
sphere, pluripotent and self-renewing are found in animal
models to carry strong oncogenicity. Only 105-106 cells are
essential for the formation of tumor in NOD/SCID mice,
showing similar phenotype to the primary tumors. In addi-
tion, there is no significant difference from CD133+ GSCs
in forming tumor in view of the morphology, the size and the
formation time of tumor. On the contrary, ordinary glioma
cells do not have oncogenicity.

It is worth noting that CD133 glioma cells, accompanied by
these features above, show expression of stem cell marker
Nestin.?”l Lottaz et al.”® confirmed that little part of
CD133- glioma cells share similar transcript with NSCs, es-
pecially similar pathways in anti-apoptosis, but most of the
CD133- glioma cells do not possess such similar molecu-
lar mechanisms. CD133-GSCs also has the characteristic of
stem cells, which contradicts that theory that CD133+ is the
unique origin of glioma, indicating that CD133 is not a reli-
able tumor stem cell marker. The joint detection technology
is widely applied and it allows more markers to be detected,
such as CD133, Nestin.

1.3.2 Others

A2BS5 is a neural cell surface antigen predominantly ex-
pressed in NSCs, whose its positive cells have the potential
to differentiate into astrocytes and microglia. The isolated
A2B5+ tumor cell enables the formation of a “tumor” no
matter how CD133 is expressed, and it carries oncogenicity

since the sum reaches 103. Yet, it is impossible for A2B5
_ [29]

Some data indicate that A2B5 tumor cells occupies a large
proportion of the tumor component,*”! which contradicts
to the idea that CSCs is only a small population of tumor
cells. GSCs may be contained in a portion of the popula-
tion of A2B5 tumor cells. SoX2 (homoebox transcription
factor SRY-related 2) is a transcription factor that maintains
the versatility of stem cells and serves as a marker of NSCs,
and its expression is decreased along with the process of dif-
ferentiation and maturation, which is similar to CD133. Itis
also able to express'*! in the tumor spheres that were sorted
out from the gliomas. Annovazzi et al.?3! found that SoX2
+ glioma cells had the ability to inhibit differentiation, un-
limited proliferation and oncogenicity. However, the practi-
cal employment of GSCs for SoX2 separation and its relia-
bility is rarely reported so that more available researches are
advisable.
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Side population cell (SP cell) refers to a group of low stain-
ing cells when stained with Hoechst33342 dye. Current lit-
eratures mainly focus on the correlation between CD133+
GSCs and SP cell, which impeded the studies on whether
CD133GSCs and CD133GSCs could be contained simul-
taneously in SP. Not all SP cells are present in the “tumor
spheres”. Non-SP cells possess stronger capacities of self-
renew and oncogenicity, and they are prone to transform into
SP cells, suggesting that GSCs is a part in non-SP cells.
Though there is not enough evidence to show that these
markers contain different subtypes of GSCs, it lays a solid
foundation for the discovery of more specific markers and
targeted therapy of GSCs when combined with Nestin.

2 Cancer stem cells and tumor microenvi-
ronment

A large number of studies corroborates that the stability
of normal tissue microenvironment is an important condi-
tion for maintaining normal cell proliferation, differentia-
tion, metabolism and functional activities. Although early
cancer researches often focus on the tumor cells themselves,
pay attention to the tumor cell gene mutation, growth and
proliferation and signal pathways of change, the theory that
tumor micro environment serves as the necessary structure
and functional unit to protect and sustain tumor occurrence,
metastasis and recurrence gains growing support as the re-
search further develops. Tumor is more likely to be con-
sidered as a disease of stem cells to date.?*33 Cancer
stem cells rely on a specific microenvironment to maintain
the stem cell characteristics. Tumor microenvironment is a
complicated system, consisting of a number of stromal cells,
such as fiber cells, immune and inflammatory cells, fat cells,
glial cells, and smooth muscle cells and vascular cells.[37)
Although the mechanisms of cancer stem cell microenviron-
ment formation have not been fully unveiled, the role of var-
ious components in the microenvironment in the regulation
of tumor stem cells has been demonstrated.!*34"!

2.1 Hypoxia

Hypoxia is regarded as an independent prognostic factor for
tumor progression, resistance to conventional treatment and
decreased tumor free survival. Hypoxia is widespread in
solid tumors, and accelerates tumor malignant transforma-
tion by inducing biological behavior changes, such as in-
hibition of cell proliferation, enhance expression of the re-
sistance gene, selectivity of anti- apoptosis, promotion of
tumor invasion and metastasis, down-regulation of expres-
sion of DNA repair genes and increased genetic instabil-
ity3%491 Most studies have indicated that hypoxia has the
ability to regulate the differentiation of cancer cells, which
can enhance the malignant potential tumors by promoting
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the formation of cancer stem cells and epigenetic modifica-
tion.[41-47]

Kim et al®! certified the existence of hypoxic tumor mi-
croenvironment via hypoxic markers, such as EF5 or en-
dogenous molecules indications (such as hypoxia inducible
factor 1 alpha and carbonic anhydrase 9). Hypoxia is crucial
to maintain the biological characteristics of GSC. Hypoxic
microenvironment enables the interaction between cells and
the maintenance of tumor stem cells in an undifferentiated
state. The undifferentiated stem cells allows tumor cells to
remain permanent self-renewal and repair capacity, to gen-
erate related genetic and epigenetic changes in order to fa-
cilitate tumor cells into malignancy.

Hypoxia-induced signal pathway is mainly under the regu-
lation of hypoxia inducible factor-1 (HIF-1).144! HIF-1 is the
chief regulatory factor in maintaining oxygen homeostasis.
Research shows that, compared with normal non ischemic
tissue, enhanced expression of HIF-1 and protein could be
detected in solid tumors by which the significant correla-
tion with low survival rate could not be denied.*! Jianchun
Zong et al.[*! confirmed that the prognosis of breast cancers
was much associated with HIF-1a« mRNA and the protein
level. Further study demonstrated that HIF-1« protein nu-
clear accumulation was positively correlated with low dif-
ferentiation of pancreatic cancer cells and expression!*’!
that is, higher expression equals to worse prognosis. Acker
et al.*8l proved that the expression of HIF-2 can hamper
the growth of glioma cells, which reflects the differences
in the regulation of HIF relates to the types of tumor cells
and the microenvironment. Recent studies have shown that
compared with HIF-1, HIF-2 in glioma stem cells, the ex-
pression of HIF-1 and HIF-2, silent HIF-1av and HIF-2«
is higher in glioma stem cell subsets, and they inhibit the
formation of neurospheres and effect on glioma stem cell
survival.[*>>% In the study of human glioblastoma, Pietras
et al®!! found that HIF-2« firstly expressed in the imma-
ture nerve of the spinal neuroblastoma, while maintaining
the undifferentiated state of neuroblastoma. All the stud-
ies above suggest that the HIF pathway plays a critical role
in the maintenance of cancer stem cells in undifferentiated
phenotype.

The formation of fence-shaped structure around tumor
necrosis focus is a significant pathologic feature that dis-
tinguishes GBM from low grade gliomas. Fence-shaped
structure is a result of tumor cell proliferation and insuffi-
cient nutrition offered to angiogenesis. The structure ex-
tents out constantly, leading to the formation of coagulative
necrosis. Recent studies have also verified that the high ex-
pression of glioblastoma cells of stem cell related genes dis-
tributed around the hypoxic tumor necrosis, and HIF-1« and
HIF-2q are positively expressed accordingly.’?' But other
studies figured out the presence of brain tumor stem cells
in surrounding areas of blood vessels.3334! Pietras et al.>!!
also discovered some immature neural crest cells scattering
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in the blood vessel surrounding area. The latter study un-
derlies that the cancer stem cell nests are not necessarily
the hypoxic environment. However, vitro co-culture exper-
iments demonstrated the ability of endothelial cells to pro-
mote cancer stem cell self-renewal and growth, showing that
endothelial cells can directly regulate cancer stem cell renew
independently, other than in the combination of blood circu-
lation or other vascular functions. Therefore, it is included
that there is a close relationship between tumor stem cells
and vascular endothelial cells in hypoxia areas. According
to the current study, tumor stem cells may exist in two differ-
ent microenvironments,®> that is, away from the vascular
function of hypoxic microenvironment or in hypoxia or non-
hypoxic microenvironment around blood vessels. There are
at least three possible mechanisms for hypoxic regulation of
cancer stem cell generation and differentiation: (1) hypoxia
inhibits cancer stem cell differentiation directly; (2) hypoxia
inhibits the differentiation of interstitial cells in the microen-
vironment and maintain their undifferentiated state; (3) hy-
poxia encourages tumor stem cells to locate near endothelial
cells, or hypoxia or non-hypoxic microenvironment around
blood vessels through the regulation of paracrine factors of
endothelial cells.

2.2 Tumor-associated fibroblasts (TAFs)

TAFs are heterogenous cell populations, which can be de-
rived from a variety of cells including quiescent fibroblasts,
epithelial cells, endothelial cells and mesenchymal stem
cells. In vivo and vitro experiments, fibroblasts play a cru-
cial role in tumor development under tumor microenviron-
ment, instead of providing support passively. In that case,
some researchers have proposed a target to TAFs is expected
to become the new direction of cancer therapy. Recent stud-
ies found that,’>7->! activation of fibroblasts from adjacent
tumors was active in regulating the homeostasis of the tu-
mor microenvironment, even determined the fate of the tu-
mor cells. TAFs usually results from epithelial - mesenchy-
mal transition, endothelial-mesenchymal transition, differ-
entiation of mesenchymal stem cells and quiescent fibrob-
lasts. Since the cells have both some characteristics of fi-
broblasts and myofibroblasts, it is also called myofibrob-
lasts or tumor associated fibroblasts (TAFs) or cancer as-
sociated fibroblasts (CAFs), whose features are distinctive
from those of fiber cells within inflammation and trauma
environment. TAFs can promote tumor angiogenesis by se-
cretion of Pro angiogenic factors and MMPs, regulate the
immune response by secretion of inflammatory chemokines,
or promote the proliferation and invasion by direct action
on tumor cells. Additionally, TAFs also secrete factor-
mediated tumor cells for tolerance of anti VEGF therapy. In
the meantime, it produces a variety of cytokines, growth fac-
tors, protease and extracellular matrix components when its
functions of proliferation, motility, secretion increase sig-
nificantly than normal fibroblast, which expedites epithelial
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cell differentiation, proliferation, invasion on one hand, and
affects other components of the host, and eventually stimu-
lates tumor occurrence and development on the other hand.

2.3 Tumor-associated macrophages(TAMs)

Chemokines and their receptors mediate the recruitment of
macrophages of the immune system to the tumor microen-
vironment and the interaction between macrophages and tu-
mor cells contribute to the formation of tumor associated
macrophages. The activated TAM accelerates tumor as-
sociated angiogenesis, invasion, infiltration and metastasis
by secreting a variety of cytokines and chemotaxis factors.
The process is also an important part of immune regulation.
Nuclear transcription factor-xB (NF-xB), Toll like recep-
tor (TLR) may potentially facilitate growth and prolifera-
tion of tumor cells via activation of signaling pathways. The
functions above are affected by the tumor microenvironment
of TAM. Past studies on multiple human solid tumors and
hematological malignancies raised the possibility that TAM
might be associated with a poor prognosis.'*’! Macrophages
are important effector cells and antigen presenting cells in
humoral and cellular immunity. TAM is involved in the
occurrence and development of tumor, and the number of
TAM invasion is closely related to the prognosis of tumor.
As a consequence, the intervention of various biological be-
haviors during the evolution of TAM is a hot spot in the
research of tumor immunity. The homing ability of TAM to
the tumor tissue offers a new thread for molecular targeted
therapy of TAM in treating and diagnosing tumors. It is an
effective means of anti-tumor therapy. The study showed
that the invasiveness of the tumor was directly related to
the number of TAMs nearby.[!l Compared with normal
macrophages, TAMs is characterized by changes in gene
expression, secretion of prostaglandin, the ability to activate
oxygen metabolism products enhancement and the inhibi-
tion of lymphocytes. Moreover, the expression of VEGF,
PDGEF, IL-8 in TAMs contributes to the formation of pe-
ripheral blood vessels and lymphatic vessels. However, the
expression of costimulatory factor (B7-1/B7-2) in TAMs ac-
tivates T cells to be involved in anti-tumor immune response
by direct contact with lymphocyte. It could be concluded
that TAMs impose dual effects on tumor development, while
its mechanism needs to be further explored.[6?!

2.4 Tumor-associated endothelial cell

Tumor-associated endothelial cell ascend from the host ma-
ture endothelial cells, and the latter divides, proliferates and
establishes new blood vessels in tumor microenvironment.
Tumor angiogenesis is a complex process, including vascu-
lar endothelial basement membrane dissolution, endothelial
cells migration to the tumor, and endothelial cells prolifer-
ation in the front migration, channelization of endothelial
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cells pipeline, branches form part of the vascular ring, and
formation of a new basement membrane and other steps.
On one hand, the phenotype of tumor-associated endothe-
lial cells is distinctive as a result of different tumor types. On
the other hand, affected by the tumor microenvironment, mi-
crovascular endothelial cells and endothelial cells adjacent
to tumor inoculation site itself share similar characteristics
when the same kind of tumor cells were inoculated in cor-
responding parts.[>%* Compared with the normal vascular
endothelial cells, endothelial cell in the tumor microenviron-
ment is characterized by immature, rapidly dividing in the
activation state, and it plays an important role in the rapid
proliferation of vascular tumors, tumor rapid development,
invasion and metastasis. In addition, the functions of other
host cells such as T cells, B lymphocytes, natural killer cells
and neutrophil cells, nerve cells, glial cells, pigment cells
in the tumor host interface microenvironment could not be
ignored.

2.5 Extracellular matrix(ECM)

Extracellular matrix is a generic term for all solid phase pro-
teins located outside of the cell, mainly including collagen
protein, glycoprotein, protein and elastin. ECM is present in
the epithelial basement membrane (basement membranes,
BM) in the form of basement membrane. Recent studies
found that®! ECM was not only responsible for the sup-
port and nourishing cells, providing survival environment,
but also involved in cellular physiological and pathologi-
cal processes, including tumor cell proliferation, differen-
tiation, adhesion, migration, and other important process as
a solid phase cell or neural tube signal transduction system
due to the unite between a variety of integrin or integrin re-
ceptor cell and ECM at the cell surface.

2.6 Tumor-secreted factor

The interaction among the components of the tumor mi-
croenvironment functions is involved with elaborate and
complex signal transduction network, among which cy-
tokine stands out the most. It is mainly secreted by cells
of the immune system, such as interferon, interleukin, set
colony stimulating factor, tumor necrosis factor, growth fac-
tor, a family of chemotactic factor and so on. Cytokine
imposes dual effect on tumor, on the one hand, it can kill
tumor cells and inhibit tumor growth; on the other hand,
it may promote tumor growth, even play a key role in the
occurrence and development of some tumors.[®! Cell ad-
hesion molecules serve as a mediator at the cell surface for
the combination of between cell and cell or cell and matrix,
which is of significance in tumor invasion and metastasis.®”)
Common adhesion factors include integrin, calcium, im-
munoglobulin superfamily, and so on. Others also include
motion related molecules (such as autocrine mobile factor,
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mobile stimulating factor, scatter factor), tissue dissolving
enzymes (fibrinolytic enzyme, cathepsin, matrix metallo-
proteinase), hormones, neurotransmitters (such as growth
hormone, acetylcholine, adrenaline) are essential for tumor
microenvironment. (68691

3 Tumor stem cells and angiogenesis
3.1 Regulatory mechanism of angiogenesis

Previous studies view that tumor angiogenesis undergo the
following steps:!’"! (1) endothelial cell activation and vas-
cular endothelial basement membrane degradation; (2) pro-
liferation of endothelial cells and migration to the tumor tis-
sues; (3) endothelial cell develops into cell line- and lumen-
shaped structure. In addition to the interaction between tu-
mor cells, normal endothelial cells and extracellular ma-
trix interactions during the whole process, other cell fac-
tors, such as pro-angiogenic factor and anti-angiogenic fac-
tor, are involved in the process. Pro-angiogenic factor ex-
pression is higher than its counterpart when the balance be-
tween the two breaks, result in the formation of tumor ves-
sels.[”!l Therefore, any abnormal regulatory factors that lead
to endothelial cell proliferation, differentiation, migration
and angiogenesis may affect angiogenesis.

The most identified angiogenic factors include vascular en-
dothelial growth factor (VEGF), platelet-derived growth
factor (PDGF), transfoming growth factor (TGF), basic fi-
broblast growth factor (bFGF), epidermal growth factor
(EGF), and insulin-like growth factor (IGF). Hypoxia re-
sponse is a key step in the start-up and development of tumor
angiogenesis. Hypoxia inducible factor -1 (HIF-1) gene is
a critical regulator of tumor microenvironment, which plays
a central role in promoting tumor angiogenesis and tumor
invasion.”?! The biological characteristics of glioma adhere
to general rule of tumor development. That is, higher nutri-
ent demand by the glioma cells for the continuous growth
drags tumor cells in a hypoxic state, which further activate
HIF-1 to express, eventually lead to a series of gene activa-
tion, including vascular active factor, and their invasiveness
enhanced.!”3! HIF-1 is capable of specific binding to 5Sc-
TACGTG-3c, a hypoxia induced gene promoter or enhancer
of the hypoxia response element, and involved in transcrip-
tion regulation of the corresponding target gene. It regulates
expression of vascular endothelial growth factor (VEGF) at
the genetic level.’+ 7!

VEGF, one of the most identified factors, has a very close
relationship with the invasion and migration ability of ma-
lignant glioma. CDI133 + cells of GBM secreted high
levels of vascular endothelial growth factor (VEGF), and
promoted the migration of endothelial cell angiogenesis.
CD133 + cells formed high vessel density of the tumor
in the brain of immunodeficient mice. The application of
VEGF monoclonal antibody bevacizumab in treating with
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CD133+ cells not only interdicts endothelial cell migration
and tubular structures formation in vitro but also block tu-
mor formation in vivo.’¥ BTSCs is an autocrine that se-
cretes many chemokines and growth factors such as EGF,
bFGF. Brekken et all””! found that VEGFR-2 played a ma-
jor role in angiogenesis and vascular permeability induced
by VEGEF. KDR inhibitor alone may prevent the angiogene-
sis induced by VEGF and bFGF.

Basic fibroblast growth factor (bFGF), one of the 19 mem-
bers of the FGF family, also known as FGF-2, is the first
to be verified to promote the formation of blood vessels.
Its bioactivity is mediated by high-affinity receptor (FGFR)
and heparan sulphate proteoglycan as low affinity recep-
tor. In addition, cysteine-rich FGF receptors and FGF bind-
ing proteins are bound up with secretion and bioactivity
of bFGF.”8] FGF-2 gene deficiency does not influence the
growth and development of the mouse, but many tumor cell
lines can produce FGF-2 in vitro, and the volume of FGF-
2 in the serum and urine was detected to be increased in
many affected patients. Plenty of researches indicate that
FGF-2 can promote cell mitosis and induce angiogenesis!””!
The up-regulated expression of FGF-2 in partly malignant
tissue promotes sangiogenesis, increases the blood supply
under the effect of carcinogenic factors, provides nutrition
for the rapid proliferation of tumor cells, and then accel-
erates tumor growth.8%! EL-Assal et al’®!! discovered that
the expression level of FGF-2 was directly related to mi-
cro vessel density (MVD) and it played a significant role
in fostering angiogenesis of tumors. FGF-2 could stimulate
endothelial cells to secrete plasma urokinase type plasmino-
gen activator (uPA) and collagenase and MMPs, which es-
sentially leads to protein degradation around the basement
membrane and extracellular matrix. FGF-2 has the capacity
to drive proliferation and stimulation of endothelial cells,
induce the expression of VEGF, imposing synergistic effect
on VEGF. Acidic fibroblast growth factor (aFGF) and FGF-
2 were higher than the normal level in glioblastoma.®?!

At present, it is found that Angl, Ang2 and their receptors
play a major role in tumor angiogenesis. The predominant
difference between Ang2 and Angl lies in the fact that quan-
tity of cysteine in Ang2 at the junction of FL and CC is
one fewer than those in Angl, which constitutes their dis-
tinct biological functions.!®3 Ang1 binds to Tie-2 receptors,
which triggers the interaction between vascular endothelial
cells and perivascular cells, promoting vascular stability and
maturation, and decreasing the function of vascular perme-
ability. Ang? is a natural antagonist of Angl. Its combina-
tion with the Tie-2 receptor does not cause the phosphory-
lation of Angl. Instead, it can hamper Angl to activate Tie-
2, reduce vascular stability so that Ang2 enables the blood
vessels to re-enter the plasticity and unstable state. When
VEGEF appears, Ang2 hastens angiogenesis, vascular prolif-
eration is significant, and cell membrane permeability in-
creased obviously. Overexpression of Ang2/3+3% is directly
related to angiogenesis, peritumoral brain edema and malig-
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nant progression of glioma.

The main difference between tumor angiogenesis process
and normal angiogenesis lies in the following aspects: 1)
the expression of KDR, a receptor of vascular endothelial
growth factor (VEGF) enhanced; 2) vascular endothelial
cell proliferation rate was higher than that of normal blood
vessels; 3) the number of tumor vessels increased, distor-
tion, uneven thickness and contain many abnormal the tu-
mor vascular branches; 4) the lack of integrity of the base-
ment membrane, incomplete endothelial cell coverage and
large cell gap, resulting in high vascular permeability; 5)
haemodynamics of tumor microvessel is abnormal, blood
flow velocity in microcirculation increased. It is due to hy-
permetabolism and lack of smooth muscle in small artery
wall. 6) unbalanced distribution of tumor blood vessels. Mi-
crovessel density around the tumor is greater than those in
the central part. Vascular density of non-necrotic and cys-
tic areas is higher than necrosis, cystic areas; 7) the tumor
cells are involved in the constitution of vascular wall. Tu-
mor angiogenesis is a complicated process, while the ulti-
mate formation of lumen-like structure wherein endothelial
cells as the center carries the real meaning of blood ves-
sel. Recently, a novel endothelial cell-derived growth fac-
tor, named domain7 EGF-like, EGFL7, has been identified.
Usually, expression of EGFL7 is reduced or disappeared
in most normal adult tissues, but it shows a higher expres-
sion in vascular-rich tissues, such as lung, heart, uterus and
ovary. In that case, EGF7 can be reactivated and involved in
angiogenesis in physiological and pathological angiogene-
sis.[%¢] Further studies indicated that,’®”) EGFL7 may mod-
ulate endothelial cell optimal migration path by determin-
ing the correct position of endothelial cells during vascular
sprouting. In vascular sprouting process, neonatal endothe-
lial cells constantly push its neighboring cells move forward
due to the linear arrangement of the proliferation of endothe-
lial cells. EGFL7 possesses the ability to promote the adhe-
sion of endothelial cells, but the ability is weaker than other
matrix proteins.

3.2 Relationship between cancer stem cells and tu-
mor angiogenes

Adult stem cells population is found in normal tissues with
capacities of self-renew and multipotent differentiation and
its plasticity of adult stem cells is a common phenomenon
in organisms. A variety of adult stem cells has been identi-
fied, such as skin stem cells, nerve stem cells and adult fat
stem cells. Those cells can be differentiated into endothe-
lial progenitor cells or endothelial cells under specific set-
tings. Hypoxia and tissue injury are the initiating events
of endothelial differentiation of stem cells.®8] In that way,
researchers are accumulating evidence about whether can-
cer stem cells can differentiate into vascular endothelial cell
in tumor angiogenesis. Based on the study results of multi
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energy and embryonic like phenotype of highly aggressive
tumors, Bruno and other'®” findings provide direct experi-
mental evidence for the involvement of adult stem cells in
tumor angiogenesis through vascular endothelial differenti-
ation. They proved that CD133 + kidney epithelial progeni-
tor cells, which were obtained by separating renal cell carci-
noma tissue from normal renal tissues, shared the same bio-
logical characteristics with stem cells, without tumorigenic-
ity. CD133 + kidney epithelial progenitor cells showed en-
hanced ability cause tumor and promote the growth of trans-
planted tumor enhanced in SCID/NOD mice when com-
bined with K1 renal carcinoma cell. Xenografts in vivo ex-
periment found that tumor angiogenesis was significantly
increased. It is concluded that CD133+ renal epithelial pro-
genitor cells together with co cultured renal cell carcinoma
contributes to the formation of vascular endothelial differen-
tiation which serves as an important molecular mechanism
for CD133 + kidney epithelial progenitor cells to assist in re-
nal transplantation tumor angiogenesis and accelerate tumor
growth. Similar studies in the field of glioblastoma have
also been unveiled.

Tumor angiogenesis is the basis of tumor growth and metas-
tasis, varying from the blood vessel in the formation of
ovarian corpus, endometrial hyperplasia, wound healing and
chronic inflammation. Angiogenesis results from host ma-
ture vascular development, while the latter is the result of
directional induction and differentiation of endothelial pro-
genitor cells from the bone marrow or circulating system
under the stimulation of cytokines in tumor micro environ-
ment.[*%°11  Additionally, tumor angiogenesis presents in
two forms of vessel cooption and vaseulogenic mimicry.
Vasculogenic mimicry is more common in tumor tissue with
higher aggression, in which endothelial cells are not in-
cluded, composed of entire tumor cells.®”! Vasculogenic
mimicry and vessels are similar in the structure and func-
tion so that it is identified as another circulatory system.[*’!

No endothelial cells were involved in the lumen-like struc-
ture of VM, but the tumor cells were composed of a layer
of extracellular matrix, indicating the poor clinical prog-
nosis. The characteristics of VM include:®¥ 1) vascular
wall is mainly constituted by the tumor cells; 2) no en-
dothelial cells were included in the inner layer of vascu-
lar cavity, but a layer of basement membrane-like struc-
tures; 3) leakage of red blood cells and micro thrombosis
are rare; 4) central necrosis was randomly seen around vas-
culogenic mimicry; 5) the endothelial specific markers of
immune group of [clotting factor VIII (f VIII), Ulex eu-
ropaeus) Ul-ex and expression of CD31, CD34 and KDR
were negatively responded; 6) only appear in highly inva-
sive tumors, other than low invasive tumors or benign tu-
mors. At present, the mechanism of VM is unclear. Past
researches mainly focused on genetic characteristics of tu-
mor cells, structural features of vasculogenic mimicry, and
tumor microenvironment. The correlation factors which
had been reported include VE-cadherin, laminin5, TIE-1,
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Eck/A2(EphA2), VEGF-C, MMPs, PI3K, cox-2, TFPI and
so on. Malignant cells that constitute vascular mimicry re-
portedly shared the same features of undifferentiated embry-
onic stem cell.[®> It is worth noting that anti-tumor angio-
genesis would induce the occurrence instead of inhibiting
the growth of VM, which may be associated with tumor es-
cape.

Compared with the normal blood vessels, blood vessels of
the tumor are immature, and its structures are out of order.
It is not easy to distinguish small arteries, veins and capillar-
ies since no normal grading branch presents in tumor blood
vessels. Tumor blood vessels are distorted, with uneven sur-
face, uneven wall thickness, irregular diameter size, uneven
thickness of Type IV collagen layer on the matrix, and en-
dothelial cells lose normal single molecular layer structure
in the arrangement of the vascular wall, and show loose con-
nections to pericytes. The fact that the number and arrange-
ment of peripheral cells were abnormal contributed to the
vascular leakage, disturbance of blood flow, higher tissue
fluid pressure, and blocking blood flow. Although the tu-
mor tissue is rich in blood vessels, it is often in a state of
hypoxia. A very small number of cancer stem cell trans-
plantation leads to high tumor survival rate, but the survival
rate of a large number of common tumor cell transplanta-
tion is very low. The traditional chemotherapy and other
treatment are effective on ordinary tumor cells, but invalid
for the tumor stem cells.[®®! All these characteristics indi-
cate that the tumor stem cells have a strong proangiogenic
function. Tumor stem cells transform into tumor vascular
stem / progenitor cells and take part in angiogenesis, or de-
velop into vasculogenie mimicry and got involved in tumor
microcirculation. [’

4 Conclusions

In summary, tumor stem cells can not only differentiate
into endothelial cells, but also participate in the regulation
of angiogenesis by secreting a variety of angiogenic fac-
tors. There is growing acknowledgement that tumor stem
cells have similar characteristics with normal stem cells,
which provides a new perspective for us to further explore
the mechanism of tumor angiogenesis. However, there are
still many problems that need to be elucidated. (1) No pe-
cific surface markers are presented in cancer stem cells, and
further purification remains challenge. (2) The molecular
mechanism of cancer stem cells that involve in tumor oc-
currence and evolution is unclear. For example, is the rapid
growth or reoccurrence of GBM driven by a specific GSCs
or all the tumor cells? (3) The difference between molec-
ular mechanisms by which cancer stem cells differentiate
into vascular endothelial cells and the molecular mecha-
nisms underlying plasticity of normal tissue stem cells is
unclear. For example, the origin of tumor vascular hetero-
geneity. How do vascular niche and hypoxia niche regulate
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activity of GSCs in space-time. (4) The origin of GSCs.
Glioma will be cured thoroughly when all the doubts above The authors have no conflict of interest related to this article.
are unveiled.
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