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ABSTRACT

The review presents the current conceptions of the origin, methods of isolation and phenotypic characterization of the brain tumor stem cells.
Phenotypic similarity in molecular markers between cancer and neural stem cells is shown. Therapeutic approaches of impact on the brain
tumor stem cells and on the intracellular signaling pathways of cancer stem cells are described.
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Treatment of patients with oncologic diseases is now challenging.
The number of malignancies, including tumors of the central nervous
system (CNS) increases worldwide. The CNS tumors make from 2 %
to 5 % among human oncologic diseases, whereas glial tumors make
50 % among which the most malignant forms are the 39-4™ degree
anaplasias making from 40 to 50 %. Average life expectancy of patients
with anaplastic gliomas and glioblastomas is 14-18 months respite ag-
gressive therapy based on surgical resection followed by irradiation
and chemotherapy.

In recent time great attention of the investigators has been giv-
en to study of cells isolated from tumors and possessing stem cells
properties. This gives a new insight into tumor nature and reasons of
inefficiency of various cancer treatment methods as well as promotes
development and exploration of more efficient ways of treatment of
oncologic diseases.

The group of scientists under leadership of J. E. Dick was one of
the first who in 1997 year proved the existence of cancer stem cells
(CSCs). They investigated acute myeloleukosis, at which the subpopu-
lation making 0.01-1 % of the total cell population and characterized
phenotypically as CD34*, could cause leukemia during transplantation
to the immune-deficient SCID and NOD-SCID mice. During transplanta-
tion of hemopoietic cells from patients with acute myeloid, acute lym-
phoblast or chronic myeloid leukemia such a small amount of cells
appeared to be capable to initiate respective leucosis and support them
in the mice-recipients [1].

The most recent data have documented the presence of cancer
stem cells in the tumors of the colon, mammary gland, pancreas, liver
and lung, in the mesenchymal tumors and brain tumors (gliomas, me-
dulloblastomas, ependymomas etc.) [2-5]. Until recently it has been
thought that the number of CSCs in many malignancies makes 0.01%
- 1% of the overall population of cancer cells. However as more experi-
mental investigations have been performed their data showed that the

number of CSCs in different types of cancer varies from 1 % to 20 %
and even more in some cases.

The brain tumor stem cells (BTSCs) possess an indefinite capacity
for self-maintenance, tumor generation during ortotopic implantation,
genetic disorders and formation of cancer cells [6]. BTSCs possess
great capacity for invasion, stimulate formation of the blood vessels
and initiate cell migration [2, 3]. Apart from this, they are involved
in the stimulation of cancerogenesis: there appear more and more
corroborations that these cells promote cancer progression [7] and
metastasis [8]. This type of cells is responsible for chemo- and radio
resistance, post-surgery and radiotherapy relapse.

ORIGIN, ISOLATION AND PHENOTYPIC CHARACTERISTICIS
OF THE BRAIN TUMOR STEM CELLS

At the present stage of investigations there remains a disputable is-
sue concerning the origin of the BTSCs. The neural stem cells (NSCs),
the neuronal progenitor cells, and the differentiated glioma cells have
been considered as the sources of the BTSCs. Thus, Shiras A. et al.
(2007) confirmed spontaneous transformation of CD133* NSCs into
glioma NSCs [9]. According to Masui K. et al., the glial cells-precursors
give rise to the oligodenroglial tumors involving PDGFR-associated
pathways [10]. Junier M. and Sharif A. (2011) demonstrated that un-
der influence of transforming growth factor TGF-a, which is expressed
at early stages of tumor progression, the astrocytes can acquire the
phenotype of neuronal progenitor cells, which under irradiation impact
acquire malignant properties that, in the authors opinion, can evidence
for the possibility of malignant transformation into mature glial cells
and formation from them of the glioma stem cells [11]. The possibility
of transformation of the differentiated glioma cells into CSCs under
hypoxic conditions was demonstrated by X. Yuan et al. [5].

Several methods of obtaining and identification of CSCs, including
BTSCs, have been described, among them:
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- analysis of the expression of CD133 molecule (prominin-1);

- identification of the cells of «side population» (SP); and

- formation of the neurospheres in cell culture in vitro and pos-

sibility of CSCs to form tumor in the immune-deficient ani-
mals being histologically identical to primary tumor.

Prominin-1 was first detected on the hemopoietic stem cells of the
stem CD34-positive cells obtained from fetal liver and later from um-
bilical cord blood and peripheral blood and embryonal and adult brain.
The function of prominin-1 is not well known. However during differ-
entiation of stem cells the given membrane protein is not detected.
One-nucleotide deletion of prominin-1 is responsible for the hereditary
form of retina degeneration.

CD133 is the transmembranous glycoprotein with five transmem-
branous domains and two large N-glicolized extracellular loops, which
is localized on the plasma membrane protrusions and micro-domains.
Despite the unknown cellular function of prominin-1, it is the marker
of many SCs that have been identified until now, including CSCs of the
gliomas, lungs, liver, prostate etc. [4, 12]. Thus, when using the flow
cytometer, it is possible to isolate the BTSCs by CD133 expression.

Notably, the number of CD133* cells in tumor tissue can be identi-
fied not only with flow cytometry but also by immunohistochemical
assay. Thus using laser flow cytometry, S.K. Singh et al. demonstrated
[13] that the number of CD133+ cells makes from 0.1 to 46.8 % in the
glioblastomas, 6.1-45.4 % in the medulloblastomas, and 3.5-37.1 %
in the pilocytic astrocytomas. Other authors [14] who used immuno-
histochemical analysis revealed the high tissue contents (over 60 %)
of CD133+ cells among glial tumors of various degree of anaplasia: in
29.2 % of the glioblastomas, in 18.2 % of the anaplastic astrocytomas,
in 83.3 % of the malignant oligodenrogliomas, in 6.7 % of the epen-
dimomas, in 0 % of the astrocytomas, in 50 % of the oligodendroas-
trocytomas and in 9.1 % of the oligodendrogliomas. The absence or
insignificant (less than 4 %) number of CD133* cells was revealed in
10.4 % of the glioblastomas, in 18.2 % of the anaplastic astrocytomas
and in 0 % of the malignant oligodendrogliomas. In the malignant glio-
mas the CD133+ cells are represented by subpopulation of small cells
with blue cytoplasm, capable for 3D growth in the round neurospheres.

The data concerning the prognostic value and correlation be-
tween level of CD133+ cells and the survival term of glioma-affected
patients are contradictory so far. Thus the data obtained by Pallini R.
et al. (2011) who investigated CD133 expression in 44 glioblastomas
(GBMs) and found that presence of 2 % of CD133* cells and CD133/
Ki67 co-expression were correlated with unfavorable survivorship out-
comes in patients with brain tumors [15]. Zeppernick F. et al. [2008]
revealed that the presence of CD133 clusters and large number of
CD133* cells correlated with short survival term [16]. In their study
of CD133 expression using PCR, Ma Y. H. et al. (2008) showed much
higher level of CD133* cells in tumor tissue compared with normal
brain tissue [17]. However Kim et al. (2012) did not find any differ-
ences between level of CD133+ cells and survival term of patients with
multiforme glioblastoma [18].

Depending on the number of CD133* cells, the multiforme glioblas-
tomas display a different phenotype. Thus multiforme glioblastomas
with low content of CD133* cells (less than 3 %) tend to localize in
the deeper hemispheral structures and show more invasive growth in-
volving brain ventricles and progression while on chemotherapy. These
glioblastomas have the profile characteristic of the mesenchymal and
proliferative subtypes. At the same time the multiforme glioblastoma
with high content of CD133* cells have proneural phenotype.

Notably, the CSCs isolated from tumor tissue of the CNS or from
human tumor cell line following their injection to immune-deficient
animals cause formation of tumor histologically identical to primary
tumor. It has been shown that injection of CD133+* SCs isolated from
the medulloblastoma to nude mice caused formation of the medullo-
blastoma. Isolation of CD133 cells with glioblastoma followed by their
injection to nude mice promoted tumor formation in 10 of 10 animals.
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Interestingly, the formation of identical tumor following SCs injection
to the immune-deficient animals depended on the number CD133*
cells. With a small (up to 1 %) initial tumor content of CD133+ cells the
development of a small-size tumor was registered in about one-third of
the experimental animals. Increase of tumor content of CD133* cells to
30 % promoted almost 100 % tumor renewal.

Identification of CSCs by assessing «side population» is based on
the passive uptake of Hoechst 33342 dye by live cells at laser exci-
tation length 366 nm. The protein-coding genes ABCG2, ABCB1 and
ABCC1 were found in the tumor cells which accomplish transport
of both hydrophobic and hydrophilic compounds from cells into the
medium. These proteins provide uptake of Hoechst or rhodamine and
allow identify cells as a «side population». By the ability of cells to
exclude Hoechst 33342 among cancer cells SP was found in 15 of 23
specimens of the neuroblastomas. SP cells were able to proliferate in
vitro, divide asymmetrically and form neurospheres. When exploring
glioma C6 cell line the SP cells were able to initiate tumor formation
and reproduce full tumor phenotype that evidences for the presence in
SP cells of the main properties of the stem cells, namely their ability to
self-renewal and differentiation. Furthermore, only SP cells were able
to form the neurospheres that is one of the most essential signs of the
CSCs and differentiate into the neuronal lines.

The methods of BTSCs culture are similar to the NSCs culture
methods. This exemplifies cultivation in serum-free medium in the
presence of growth factors rhEGF, rhFGF-b or B-27 [12, 19]. When
cultured under given conditions part of the CSCs of the intracerebral
tumors form neurospheres. Thus during analysis of the gliomas having
various degree of anaplasia the neurospheres were registered in 11.7
% of the glioblastomas, in 5.8 % of the anaplastic oligodendrogliomas
and in 29.4 % of the anaplastic astrocytomas [20]. However, other au-
thors detected formation of neurospheres in 100 % of the cases dur-
ing culturing of the glioblastomas and medulloblastomas in serum-free
culture medium in the presence of growth factors. In the process of
culturing of CSCs of the glial tumors the above investigators observed
an altered number of CD133* cells and their differentiation markers.
Increase in the number of CD133* cells from 3.65 % to 14.6 % and
nestin-positive cells from 28.9 % to 45.4 % was demonstrated on 7th
to 21st days of cultivation [20].

There are literature data describing the factors which stimulate
and depress the number of CD133+ cells in the culture and influence
on their activity. Thus epidermal growth factor (EGF) and the vascular
epidermal growth factor (VEGF) stimulate the number of CD133* cells
in the culture as well as enhance expression of MMP and IMMP in
particular, thus promoting quicker tumor growth upon injection of the
activated cells to immune-deficient animals. On the contrary, depres-
sion of L-ICAM adhesion molecules expression, which is linked with
transcriptional factors Oligo2 and Oligo21 regulating apoptosis and ex-
press on the surface of CD133* cells leads to apoptosis and inhibition
of tumor growth [21].

It is noteworthy that CD133 expression is characteristic of NSCs
as well. Pallini R. et al. (2011) have demonstrated that among CD133*
cells in the glioblastoma 20 to 60 % of them are CD133+/CD45- NSCs
and their increased number favorably influences on the survival of pa-
tients with recurrent multiforme glioblastoma. The NSCs migrate into
tumor tissue and manifest antitumor properties at the expense of the
suppressing factors, bone morphogenic proteins 7 (BMP-7) in particu-
lar, which belongs to the family of TGF-p cytokines. Under the influ-
ence of BMP-7 the glioma stem cells carrying respective receptor on
their surface, proliferate to lesser degree and are differentiated by the
astrocyte or neuronal type that reduces their tumorigenic properties.

Until present the panel of specific BTSCs markers has not been elu-
cidated. It has been shown that stem cells isolated from the gliomas ex-
press CD133, CD105, CD90, CD15, CD24, CD20, CD44, Nanog, Oct3/4,
CXCR4 (CD184) and NF (neurofilament protein), GAPDH (glyceralde-
hyde-3-phosphate dehydrogenase). In addition, the BTSCs express



markers which are characteristic of the NSCs, such as GFAP (glial fibril-
lary acid protein), nestin, Sox-2, Misashi-1 and Bmi-1 but they do not
express early (Tuj1) and late (NeuN) neuronal markers and oligoden-
droglial marker Olig-1 [22]. During culturing the BTSCs can differenti-
ate and acquire markers of the neuronal, astrocyte and oligodendroglial
lines. Thus along with determination of CD133 molecule, detection of
other molecules of differentiation are important for the SCs.

CD15 is the cluster of the differentiation which is identified in vari-
ous normal tissues and in various types of cancer, including gliomas
[23], and is viewed as the marker of BTSCs. Implantation of glioma
CD15-positive cells into murine brain induces formation of new tu-
mors [24].

CD44 is the glycoprotein, which is the receptor for hyaluronic acid,
the main component of extracellular matrix, itself or in combination
with other surface markers, is used for isolation of cells having proper-
ties of stem cells from various tumor types, including cancer of the
mammalian gland, prostate, intestine, pancreas and squamous cell
carcinomas of the head and neck. As a result of hyaluronan binding,
CD44 activates many receptor thyrosine-kinases, including EGFR and
ErbB2, in many cancer types, thus increasing proliferation and survival
via activation of MAPK and PI3K/Akt pathways, respectively.

CD90 has been identified as a marker of the hematopoietic, mes-
enchymal and liver stem cells. High frequency of CD90* cells is shown
at malignant gliomas and their absence at benign astrocytomas and
in normal tissue. 100 % of CD133* SCs express CD90 marker. The
levels of CD133 and CD90 expression decrease during differentiation
of BTSCs into glioma cells. The ability for neurosphere formation of
CD90+/CD133* and CD90*/CD133- cells is similar and it is two times
higher than in CD90-/CD133- cells [25].

A2B5 is the surface glycoside and marker of 02-A neuronal pro-
genitor cells. Transplantation studies [26] have shown that A2B5+/
CD133+i A2B5*/CD133 cells are able to generate tumors during trans-
plantation in the experimental models assuming that AB5+ cells have
properties of the SCs. Studies of Piepmeier et al (1993) on the prog-
nostic potential of A2B5* cells in gliomas have shown that A2B5 is the
marker of unfavorable prognosis for glioma development [27].

The filament marker, nestin, that is expressed in the neuronal cells-
progenitors in the development and initially described as the marker of
NSCs, was also identified later in the BTSCs [28]. Nestin expression
in the gliomas has been associated with differentiation, improved cell
migration, invasion potential and increased malignancy. The presence
of nestin is identified in 46 % of primary CNS tumors and its level
of expression is even higher in the astrocytomas of various degree of
malignancy in the comparison with normal brain tissue. There is no
unanimous opinion in the literature regarding nestin expression. The
majority of the investigators [29, 30] demonstrated an increased nestin
expression under an increased malignancy degree of the astrocytes
and correlation between the level of nestin expression and the survival
term of the patients with gliomas. K. J. Kim et al. [31] did not estab-
lished any statistically significant between the level of nestin expres-
sion, the malignancy degree of the astrocytes and survival term of the
patients with brain gliomas. However, at the present stage the nestin is
studied along with CD133 molecule as the marker of the BTSCs identifi-
cation. Thus, at parallel immunohistochemical assay of glioma tumors
the obtained results on the content of CD133* and nestin-positive cells
were close. The number of CD133* and nestin-positive cells correlated
with the survival of patients during post-operation period.

Sox2 is one of the key transcriptional factors that is responsible
for maintenance of the stemness properties of cells in embryogenesis
and adult organism, as well as plays role in the formation of neurons
and neuroglia; and in the cancerogenesis and glioblastoma formation.
Decrease of Sox2 after embryogenesis correlates with the loss of plu-
ripotency and self-renewal whereas Sox2 suppression in the gliomas
leads to the loss of tumorigenicity [32]. Amplification of Sox2 gene
is observed in 14.4 % of the multiforme glioblastomas and in 11.1 %
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of the anaplastic oligodenrogliomas. A positive correlation has been
established between the degree of tumor malignancy and Sox2 expres-
sion. The hypercellular and hyperproliferative zones of glioblastomas
have the highest Sox2 expression. However, in other works the authors
do not see any correlation between the degree of glioma malignancy
and the survival term of patients and the Sox2 level [33, 34], although
they demonstrated increase of Sox2 expression in the glioma tissues
compared to normal brain tissue. Thus of today there is no identical
vision relative prognostic value of Sox2 at the gliomas.

Podoplanin is the mucin-type of the transmembranous glycopro-
tein with less studied biological function. Apart from its role in the mi-
gration and invasion in the gliomas, podoplanin can play a significant
role in the formation of spheroids. Increased expression of podoplanin
in malignant astrocytic tumors as a novel molecular marker of malig-
nant progression. K. Mishima et al. [35] consider that podoplanin can
be the prognostic marker in the astrocytomas of high malignancy de-
gree. They detected high expression of the podoplanin in 48 specimens
of malignant astrocytomas but did not observe its expression in the
astrocytomas of low degree malignancy.

The polycomb complex protein BMI-1 is a member of the polycomb-
group and a known regulator of two main pathways of tumor suppres-
sors. The given protein suppresses INK4a gene transcription thereby
promoting activation of cycline-dependent kinases Cdk2 and Cdk4 and
hence proliferation. Besides, suppression of Bmi-1 in CD133+ glioma
cell population reduces the number of the secondary spheres promot-
ing thereby lowering of self-renewal [36]. Study of Bmi-1 expression in
62 oligodendroglial and 243 astrocyte tumors stage II-IV with the use of
simple and multifactorial analysis has shown that high versus low level
of Bmi-1 expression is poor prognosis for survival [37].

Musashi-1 belongs to the family of neural RNA-binding proteins.
Hemmati H. et al. (2003) have shown that Musashi-1-positive tumor
cells are capable to form neurospheres, capable for self-renewal and
differentiation into various types of cells [38]. Y. H. Ma et al. [39] dem-
onstrated increase of Musashi-1 in the glioma cells compared with nor-
mal tissue and correlation of high expression of mRNA protein with the
malignancy degree. A correlation was established between Musashi-1
expression and proliferative Bmi-1 marker in malignant gliomas [40].

An increased expression of another marker of CSCs — Id1 was es-
tablished in various types of cancer where it is involved in the prolifera-
tion, anaplasia, invasion, metastasis and neoangiogenesis. It has been
demonstrated [41, 42] that knockout of TGF- pathway reduces Id1 ex-
pression in the gliomas that is accompanied with tumor growth assum-
ing that Id1 is significant for tumor growth maintenance in the gliomas.
The level of Id1 expression correlates with high degree of malignancy
in the gliomas. This expression is not detected in the normal brain.

Oct4 is expressed in the pluripotent embryonal stem and germinal
cells where it regulates self-renewal and differentiation. Oct4 is ex-
pressed in various types of cancer, including lung cancer, where the
knockout of Oct4 increases the sensitivity to chemo- and radiotherapy
leading to higher apoptotic activity. Oct4 expression has been shown
in the gliomas with the highest protein level in the high malignancy
tumors [43]. More than 50 % of the Oct4+ cells co-express the markers
of CSCs CD133 and nestin [44].

It should be noted that BTSCs essentially differ from various tu-
mors of identical histological type and within tumor. Now the two phe-
notypes of BTSCs are distinguished. The first proneuronal phenotype
resembles embryonal SCs and is characterized by high expression of
CD133¢, platelet-derived growth factor receptor alpha (PDGFRa), epi-
dermal growth factor receptor (EGFR), protein of neuronal migration —
doublecortin (DCX) and low CD44 expression, activation of the heat
shock genes, processing of RNA and oxidative phosphorylation that
indicates high proliferative and metabolic activity of these cells. BTSCs
of the given phenotype differ from the fetal NSCs by more pronounced
proliferative potential, reduced ability for differentiation and telomere
stabilization [45].
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Another mesenchymal transcriptional profile, analogous with the
NSCs of the adults, which is localized in the subventricular zone and
hippocampus, is characterized by CD133-, low PDGFRa and DCX ex-
pression and high CD44 expression. EGFR expression is noticed at giv-
en phenotype only in part of cells. The BTSCs differ from adult NSCs by
reduced ability for differentiation and higher proliferative activity. In the
BTSCs of this phenotype one can observe activation of the TGF- sig-
naling pathway making cells a potential target for anti-TGF- therapy.

The phenotype of BSTCs within one tumor can differ depending
on cells localization. Thus CD133+ cancer stem cells, localized in the
perivascular niches, have higher expression of the Sox2, EGFR, Bmi-1
and nestin [46].

Thus, the above-given data indicate that BSTCs and NSCs have
some similar properties and phenotypic markers, namely: ability for
self-maintenance and sphere-formation in the serum-free medium in
the presence of the growth factors rhEGF, rhFGF-b or B-27; express the
markers CD133, CD44, PDGFRa, GFAP, nestin, Oct4, Sox-2, Misashi-1
and Bmi-1. The BTSCs, in contrast to NSCs, do not express early (Tuj1)
and late (NeuN) neuronal markers and oligodendroglial marker Olig1.
They can only express markers of the neuronal, astrocyte and oligoden-
droglial lines during culturing and differentiation. In addition, the NSCs,
being phenotypically characterized as CD133*CD24-CD34-CD45-, fol-
lowing their transplantation to the immune-deficient experimental ani-
mals, proliferate, migrate and differentiate according to the neuronal or
glial type. However, when being transplanted to the immune-deficient
experimental animals, the BTSCs form tumors histologically identical
to the primary tumor from which they were obtained.

Summing up this section, we may conclude that CSCs occur in
the various kinds of human tumor and have certain phenotypic re-
semblance by antigen markers. The malignant ectodermal tumors of
the brain are the site where the NSCs can express molecular markers
indicating their origin from the neural, mesenchymal and other stem
cells. The CSCs markers in malignant ectodermal brain tumors can
evidence about the tumor origin from neural, mesenchymal and other
stem cells. At the same time no clear-cut phenotypical differences by
the molecular marker between cancer and neuronal stem cells have
been found so far.

THERAPEUTIC APPROACHES TO THE TARGET IMPACTS ON
THE CANCER STEM CELLS

Isolation of BTSCs allows not only to study the markers of identi-
fication, antigenicity, biological properties, invasion and migration of
the NSCs in the oncogenesis, but also allows examine their potential
response to chemotherapy, radiotherapy and development of new
therapeutic approaches to influence on this type of cells as one of the
new directions with the use of BTSCs in treatment of the patients with
brain tumors.

Investigations aiming to study the response of BTSCs to radio-
therapy indicate that the given cells are more resistant to radiotherapy.
Some mechanisms can be responsible for this phenomenon, namely:
activation of DNA reparation mechanisms, reduction of DNA damage
due to lesser radical production, activation of the signal pathways
which are responsible for stem phenotype.

The in vitro and in vivo investigations have demonstrated that
CD133 cells versus CD133- cells have greater resistance to y-radiation
owing to early activation of cell control mechanisms. The activity of
checkpoint kinases Chk1 and Chk2 in the stem cells is more increased
terminating cell cycle and switching off DNA reparation mechanisms.
Owing to this the NSCs avoid apoptosis and further renew proliferation
resultant in tumor recurrence. In the study performed on the intracere-
bral xenografts in vivo Jamal M., et al. (2012) observed prevalent death
of the differentiated tumor cells and increase of the glioma NSCs and
glioma cancer stem cells. This was shown by an increased expression
of the stem markers CD133, nestin, Notch2 and Sox2. These findings
agree with the data obtained by Tamura, et al. (2010) showing 15-20-
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fold increase of CSCs at the recurrence of multiforme glioblastomas af-
ter irradiation of patients on the linear accelerator with summary dose
of 50 Gr and nearly 20 Gr Gamma Knife. Such irradiation dose caused
significant necrosis zones and disturbances of microvascular network
in the tumor tissue. The authors noticed maintenance of CD133* NSCs
predominantly in the zone of damaged vessels that, in the authors’
opinion, evidenced for the involvement of NSCs not only in the induc-
tion of tumor growth but also in the formation of vessels.

For glioma treatment the use is more frequently made of the two
groups of alkyl drugs: nitrosurea derivative and temozolomide. Sev-
eral investigations studying the impact of temozolomide on BCTCs
have shown that treatment with this drug is accompanied with initial
decrease of sphere formation of CD133* cells without essential influ-
ence on cell survival. Upon treatment completion the growth of the
neurospheres renewed in most cell lines along with an increase of the
number of CD133+ cells and their tumorigenicity. Additionally it was
described that CD133* BTSCs with spheroid growth are more resistant
compared with CD133- BTSCs with growth in monolayer. The mecha-
nism mediating resistance of BTSCs to temozolomide can be the fol-
lowing: higher expression of MGMT and MDR1 proteins, p53 and PARP
mutation. Since activation of various signaling pathways promotes
maintenance of BTSCs stem phenotype, tumorigenicity suppression by
temozolomide can be enhanced using inhibitors SHH, STAT3, IGF-1/
PI3K and Notch-signaling ways. The population of CD133* cells also
survives and proliferates under influence of another drug — Carmustine
(BCNU). These cells have high expression of the antiapoptotic genes
and genes of chemoresistance: BCRP, MDR, MRP and MGMT.

In view of the resistance of BTSCs to chemical drugs and irradia-
tion, research has been done on various drugs which are mainly orient-
ed at the molecular pathways of regulation of the NSCs and antibodies
or antibody-based drugs to surface receptors of these cells.

The first step consists in obtaining antibodies to surface NSCs
markers. An example of such approach might be influence of CD44 via
specific antibody P245 to block the growth of xenotransplants of hu-
man breast cancer [48]. Besides, P245 treatment of xenotransplants of
basal-cell breast cancer during tumor remission reduces the frequency
of recurrence. Using the Sox6 peptide (antigen which is expressed on
the surface of BTSCs), the specific T lymphocytes effectively lysed glio-
blastoma stem cells.

The use of anti-CD133 antibodies has brought ambiguous re-
sults. Application of monoclonal antibody against isoform AC-133-2
of CD133 molecule has had stimulating effect on tumor cells in the in
vitro tests and increase of CD133+ cells proliferation [49]. In this con-
nection it seems perspective to create gene-engineering constructions
with monoclonal antibodies against brain tumor stem cells, capable to
block proliferation of SCs.

Another direction in the strategy of treatment of oncologic patients
in the context of existence CSCs is the use of constitutional expression
of various factors of signal transduction, the Notch-signaling pathway
in particular. Notch-signaling pathway is of crucial importance in in-
tercellular interactions during embryonal growth, proliferation and dif-
ferentiation processes. This pathway of signal transduction also plays
a significant role in the processes of immune regulation and survival
of neuronal stem cells and it is also involved in brain cancer formation.
High correlation was observed between expression of Notch-1 and its
ligands such as Delta-like-1 and Jagged-1 and high degree of glioma
malignancy [50, 51]. The previous results showed potential regulation
of CSCs Notch-signaling pathway in the medulloblastomas as well. In
addition, Notch proteins are associated with CSCs, expressing marker
of neuronal stem cells and nestin at gliomas. Neurosphere-formation
is increased in the glioma cell lines during Notch- signaling pathway
activation [52] .

At present the drugs blocking Notch-signaling pathways are be-
ing developed. In particular, among various drugs undergoing pre-
clinical trial phase the mentioning should be made of the y-secretes



inhibitors R04929097 (Roche) and MKO0752 (Merck); and the drugs of
monoclonal antibodies to various factors of Notch-signaling pathway —
OMP21M18, which is monoclonal antibodies against the ligand of
Notch receptor DLL4. This drug is capable to produce an interfering
action as a competitor with Notch receptor for the ligand.

Another important signaling cascade whose increased activ-
ity is detected in the stem cells and their malignant analogues is the
Hedgehog. This signaling pathway has great importance in the regula-
tion of embryogenesis and development of the CNS as well as in the
proliferation and differentiation of the neuronal stem cells [53, 54].
Aberration of Hedgehog-pathway correlates with meduloblastoma de-
velopment [55]. Besides, the Hedgehog signaling pathway is involved
in CSCs self-renewal and tumorigenicity at gliomas [56]. Increase of
apoptosis of the gliomas is seen during treatment by cyclonamin in-
hibitor or transduction of interferent RNA which inhibits proliferation
and self-renewal of glioma CSCs.

It is significant that the use of Hedgehog inhibition in combination
with traditional chemical drugs, temozolomide in particular, increased
the death rate of BTSCs and reduced tumor cells proliferation [56].
Several investigations have demonstrated that cyclonamine treatment
not only slowed tumor progression owing to its effect on the BTSCs
but also increased BTSCs sensitivity to radiotherapy [57]. The above-
mentioned data indicate that Hedgehog-pathway is critical for BTSCs
and the inhibitors targeted against it. Presently the drugs BMS83392

CONCLUSION

www.transplantology.org

and XL139, which are low-molecular inhibitors of Smo receptor that is
involved in the processes dependent upon Hedgehog signaling path-
way, undergo clinical trials. Apart from the Smo receptor inhibitors,
the trials are performed to study the drugs blocking Hedgehog effects.
The Wnt-signaling pathway regulates proliferation of stem cells
and progenitor cells in the fetal ventricular zone, postnatal subventricu-
lar zone and in the hippocampus [58]. The Wnt-signaling pathway also
plays an important role in the development and progressing of some
medulloblastomas and gliomas. An increased expression of some
components of the Wnt family was detected in the astrocytoma. The
in vitro and in vivo experiments, using siRNA for Wnt2 and (3-catenin,
have demonstrated inhibition of cell proliferation and invasion as well
as inhibition of tumor development. Furthermore, suppression of Wnt2
and B-catenin is associated with reduced PI3K/Akt expression that is
associated with an interaction between Wnt/B-catenin and PI3K/Akt
signal cascades [59]. Expression of CD133 and Wnt-1 is elevated in the
stem cells isolated from the glioblastomas. Increase of Axin, negative
regulator of Wnt/B-catenin signaling significantly inhibits glioma cells
proliferation. The immune-histochemical assay showed an increase of
Wnt5a in the multiforme glioblastoma in the comparison with normal
tissue specimen or low degree malignancy astrocytoma. An increased
Wntba expression was detected during proliferation in U87MG cell line.
On the contrary, Wnt5a suppression due to RNA interference reduces
proliferation of this culture and decreases tumorigenicity in vivo [60].

cells.

ness of standard therapy for patients with brain tumors.

sential to clarify whether:

which will become an object of deeper investigation.

Thus currently presented literature data describe the presence of intracerebral cancer cells in tissues, namely: the brain tumor stem cells capab/e\
for self-renewal and self-maintenance and morphologically identical to the neurospheres, which are formed by normal neural stem cells and capable
upon their injection to immune-deficient mice induce formation of tumors histologically identical to the primary tumor of their origin. These cells
express many antigens, including CD133, CD105, CD90, CD15, Nanog, Oct3/4, CXCR4 (CD184), NF and GAPDH as well as antigens to cancer stem

These cells are characterized by increased invasion, radio- and chemoresistance. Their further investigation will allow disclose their involvement
in the formation and recurrence of the brain malignant tumors and to develop methods of purpose-designed therapy aiming at increase of effective-

Interest to study brain tumor stem cells as well as cancer stem cells of other organs and tissues is not becoming lesser with years. In current
research of the CSCs we can outline several research directions, namely: (a) assessment of CSCs level in tumors of various origin; (b) prognostica-
tion of the process of malignization based on brain tumor SCs; (c) origin and biological activity of the CSCs; (d) assessment of transformation and
change of the intracellular signaling pathways providing proliferation and apoptosis of these cells; (e) search for new means to block and activate
CSCs, increase their sensitivity to radiotherapy, etc. This list can be continued but unfortunately the data obtained of today cannot be clinically used.

At the present stage of investigation of the CSCs and specifically brain tumor stem cells such as glioblastomas and meduloblastomas, it is es-

1. The brain tumor stem cells are modified normal neural stem cells or whether they are a reverse mutational differentiation of the mature glial
cells under influence of cancerogenes and viruses to the level of stem cell precursors, as has been proposed in the hypothesis of Junier M.
and Sharif A. or probably these mechanisms run simultaneously.

2. The availability of a considerable number of various phenotypical membrane and infracellular markers on both BTSCs and NSCs determines
a need to single out the specific markers characteristic only of the CSCs and only of the NSCs, allowing further not only discern them but
also develop, on the basis of monoclonal antibodies, the specific drugs against these cells.

3. Itis necessary to identify one or two main intracellular signaling pathways in the CSCs responsible for proliferation and radioresistance,

Current and future research should offer new opportunities not only for extending our theoretical knowledge about the oncogenesis and malig-
nancy development but also for anticancer drug discovery including brain tumor-targeted drugs.

J
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