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The review analyzes Russian and foreign reports concerned with a rapidly developing brain cancer treatment technique — immunotherapy. 
There has been presented a current view on the basic concept of antitumor immunity, on the problem of immune system interaction with a 
tumor in general and under the conditions of an immunologically privileged nervous system, shown the theoretical background of efficiency 
of immunotherapy used against brain cancer (the capability of tumor antigens and activated lymphocytes to penetrate the blood-brain barrier). 
There has been demonstrated the role of a transforming growth factor β, interleukin 10, cyclooxygenase-2, prostaglandin Е2, protein MCP-1, 
interactions Fas-receptor/Fas-ligand, antigen-4 cytotoxic Т-lymphocytes in tumor immunoresistance development. The review presents a current 
classification of the types of active and passive immunotherapy, each of the types being considered separately specifying the characteristics, the 
results of preclinical and clinical trials of each type efficiency, and possible side effects. Special attention has been paid to a new concept of a 
key role of tumor stem cells in the pathogenesis of cerebral gliomas and the target action on these cells.
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Results of the traditional approach in treatment 
of malignant brain tumors with median survival in 
patients diagnosed with glioblastoma (Grade IV) and 
with the 2-years survival rate equal to 26.5% can not 
be called satisfactory [1]. Choice of a certain treatment 
method is performed, primarily, based on histological 
results of tumors, which differentiate tumor cells from 
the normal ones at the macroscopic level, as well 
as presence of cellular or nuclear polymorphisms, 
endothelial proliferation, mitosis, necrosis and vascular 
thrombosis [2]. However, there are many aspects which 
remain an open question, i.e. why in certain cases we 
observe the positive response to the complex therapy, 
and in other cases, this response is minimal. Nowadays 
we can speak about a certain progress in studying 
biology of different malignant tumors, including brain 
tumors. Contemporary research is dedicated to studying 
pathogenetic mechanisms of tumor growth at molecular 
and genetic levels, which allows to detect principle 
differences of tumors with identical histological patterns. 
The said differences may contribute to anticipation of life 
expectancy periods. At present recommended treatment 
protocols already include new molecular and genetics 
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prognosis criteria, i.e. presence of O-6-methylguanine-
DNA methyltransferase (MGMT), deletions 1p/19q, and 
IDH1/IDH2 mutations [3]. 

Success in studying of malignant tumors nature and 
clinical significance of detected molecular and genetic 
characteristics of a tumor predetermine search for 
some fundamentally new treatment methods, based 
on selective affection of cells which are genetically 
different from the normal body cells. One of such 
methods is immunotherapy, which is based upon 
activation and strengthening of processes related to 
the specific immune response of the body to the tumor 
growth. There have been reported certain successful 
results in immunotherapy of oncological diseases. 
The US FDA has approved for the wide clinical use 
approximately 17 immunotherapeutic remedies  [4]. 
Scientists are constantly working on different options 
of immunotherapeutic influence upon glial brain tumors, 
with many of the said options successfully passing 
stages I and II of clinical trials. However, due to the small 
scale of the studies which have even managed to deliver 
hopeful results, evidential base of the method is still 
insufficient. 
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This review covers contemporary points of view to the 
anti-tumor immunity, pathogenesis of gliomas and their 
interaction with the immune system of the body, as well 
as primary possible types of immunotherapy. 

Concepts of antitumor immunity 

The primary prerequisite for development of the 
immunotherapeutical method is the state of having 
sufficient biological defenses to avoid any genetically 
foreign information, called immunity. The basic idea of the 
method is to regulate universal and natural mechanisms of 
the immune system, which allows, to the certain degree of 
accuracy, to speak about possible specificity and adjusted 
to human physiology. Alterations in cells genome during 
the process of tumor transformation triggers activation 
of antitumor immunity. The immunosurveillance theory 
suggests that T and Nk cells constantly control over 
antigen content of self cells of the body with elimination 
of the latter when new antigenes (AG) are being detected 
on their surface. On tumor cells geterogenic (testicular 
cancer), differential (tissue-specific), mutant and other 
AGs have been detected (Fig. 1). Detected in gliomas 
MAGE-1 and SOX6 are classified as testicular cancer 
AGs, which are normally being synthesized in embryos 
and in gonads of adults [5, 6]. Tissue-specific AGs, i.e., 
the ones detected in gp100 and TRP-2 gliomas, are 
proteins, normally synthesized by brain-tissue at certain 
stages of its development [7, 8]. Mutant IGFRvIII AG is 
often detected in glioma cases [9]. A great number of other 
AGs specific for gliomas have been identified as well, 
i.e.: IL13Ra2 [10], EphA2 [11], EphB6 [12], AIM-2 [13], 
HER-2 [8], WT1 [14], ARF4L [15], SART-3 [16], SOX11 
[17], KIF1 and KIF3C [18].

The immunosurveillance theory is confirmed by 
increased numbers of serum antibodies, infiltration 
of tumor tissue by lymphocytes, by the high rate 
of tumor development caused by long-term use of 
immunodepressants. 

However it has been confirmed, that the immune 
system can contribute to tumor progression as well, 
by participating in development of tumor immunogenic 
phenotype. As a result of controversial role of the immune 
system a contemporary theory about complex relations 
between tumors and the body has been developed, 
this concept is internationally known as “the three Es 
of cancer immunoediting” theory [19]. This concept 
suggests three phases of relations between a tumor and 
the immune system, viz. elimination, equilibrium and 
escape (Fig. 2).

Elimination phase is synonymous with the concept of 
immunosurveillance which implements mechanisms of 
both the innate and adaptive immunity. At the equilibrium 
stage the immune system and a part of a tumor, which 
somehow escaped elimination, are in the state of dynamic 
equilibrium, which sustains active immune influence upon 
the tumor cells, although, this influence is insufficient 
to be able to achieve complete suppression of tumor 
growth. Tumor tissue continues to sustain processes 
of differentiation, new mutant cells keep appearing, 
resulting in genetic instability of the tumor, which can 
eventually cause development of a completely new 
population of tumor cells with lowered immunogenesis 
and increased resistance. Tumor cells, modified during 
the equilibrium phase, start active division, but this time 
being undetected by immunosurveillance mechanisms. 
The said processes allow us to consider the equilibrium 
phase as playing a key role in development of tumor 

resistance, which points out to the 
necessity of complete elimination 
of tumor cells at the phase of active 
immunosurveillance. 

The most effective would have 
been immunity enhancement at 
the elimination and equilibrium 
phases, but unfortunately, patients 
with brain tumors come to the 
clinic usually at the escape stage, 
when the human immune system 
is not able to recognize and/or 
eliminate tumor cells. However 
the method of immunotherapy 
is still expected to bring positive 
results. This method is dedicated 
to activate antitumor mechanisms 
for the purpose of restoration of 
the active stage of the immune 
response in order to eliminate 
tumor cells disseminated in the 
brain upon operative removal of 
the major part of the tumor. 
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Fig. 1. Primary types of glial tumor antigens
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immune system disorders as a result  
of malignant brain tumors 

Phenomenon of the “immune privilege” of the 
CNS. The theory of the “immune privilege” of the CNS 
states that normal activities of the immune system in the 
CNS are prevented by anatomic and functional isolation 
resulting from the existence of the blood-brain barrier 
(BBB) [20]. The BBB is a highly organized system 
consisting of endothelial cells, which are connected 
by tight junctions: basement membrane, pericytes and 
astrocytes [21]. The said tight junctions connecting 
membranes of endothelial cells with high content of 
mitochondria, low levels of pinocytosis and absence 
of fenestra result in almost complete impenetrability of 
the BBB for hydrophiles [22]. It is common knowledge 
that the process of transplant rejection in the brain takes 
place much slower than in other organs [23]. 

In general, we may single out several factors, 
preventing normal activities of the immune system in the 
CNS, such as: 

limited drainage of AGs from the CNS into the cervical 
lymphnodes [24]; 

inability of free penetration of native T cells and 
antibodies into the CNS [25]; 

insignificant number of native antigen-presenting cells 
in the CNS [24]; 

suppression of the functioning and rapid development 
of T cells apoptosis by means of activation of FasL and 
brain gangliosides [26]; 

absence of homing receptors for leukocytes in the 
CNS [24]. 

More recent evidence has led to remodeling of the 
immunosurveillance theory. It was discovered that 
macrophages, microglias [27, 28] and dendritic cells [28] 
are the major APCs in the CNS. There are two ways 
of penetrating into the lymphoid tissue for the foreign 
protein AGs: 1) along the olfactory nerve through lamina 
cribrosa into the lymphoid tissue of mucous membrane 
of nasal passages; 2) in the area of the ependymal lining 
of ventricles and Virchow–Robin spaces the intestinal 
fluid drains into the cerebrospinal fluid, which, in its turn, 
drains into the cervical lymphnodes [29]. At the same 
time, the activated lymphocytes may penetrate back 
through the BBB [30] and express tropic to the CNS 
integrins (i.e. α4β7 [31]) (Fig. 3): 

from the choroid plexus of ventricles into the 
cerebrospinal fluid; 

through Virchow–Robin spaces and postcapillary 
venules into the subarachnoid space; 

Fig. 2. Theory of relations between “a tumor and the body”. “The three Es of cancer immunoediting” — elimination, 
equilibrium and escape
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lymphocytes may directly penetrate through the BBB 
into the cerebral tissue. 

Despite of certain obstacles preventing realization 
of the immunosurveillance, the CNS has the entire 
range of afferent and efferent links of the immune 
system, which speaks for the possible application of the 
immunotherapeutical method for treatment of malignant 
brain tumors, subject to the contemporary knowledge of 
distinctive features of the immune system functioning in 
the CNS. For example, when applying the vaccine onto 
the dendritic cells, it is necessary to consider capability of 
the latter to activate a large number of native T cells, and, 
therefore, allowing them to freely penetrate the BBB. 

Suppression of the immune system by a tumor. The 
stated above distinctive features of the immune system 
functioning in the CNS create promising prerequisites 
for the further development of immunotherapy, however, 
despite of a certain degree of success of experiments 
in mice, results of clinical trials remain unsatisfactory. 
At present, the following factors, have been determined 
as limiting the efficiency of the immune system and as 
contributing to the tumor resistance [32]: 

1.  Transforming growth factor β (TGF-β) is one of the 

most probable immunosuppressive 
cytokines which suppresses several 
significant antitumor mechanisms, 
i.e. maturation of APC and their 
activity; activation of T cells and 
their further differentiation [33].

2. Interleukin 10 (IL-10) synthe-
sized by monocytes, Th2-lympho-
cytes, and regulatory T cells (Tregs). 
It reduces expression of Th1-
cytokines, MHC molecules, and 
co-stimulatory APC molecules [34]. 

3. Cyclooxygenase-2 (COX-2)  
and synthesized with its help 
prostaglandin E2 (PGE2) promote 
invasive tumor growth and angio-
genesis, maintain tumor resistance 
against activities of the immune 
system by inducing Tregs and 
suppressing Th1 cells [35]. 

4. Monocyte chemoattractant 
protein 1 (MCP1) or CCL2 with 
the angiogenic effect supports 
populations of immunosuppressive 
MDSC and Tregs leukocytes [36]. 

5. Fas receptor/Fas ligand (FasR/
FasL). FasR (CD95, APO-1) is a 
surface receptor which launches 
apoptosis. Its secretion on tumor 
cells stimulates inflammation 
and angiogenesis, which support 
and protect tumor growth [37]. 
Moreover, glioblastomas express 
Fas ligands, which cause death of 

immune cells infiltrating a tumor. 
6. Cytotoxic T-lymphocyte antigen-4 (CTLA-4 or 

CD152) is similar to CD28 molecule, which is expressed 
on activated T cells. CD28 is normally a receptor to 
B7 proteins, securing a strong co-stimulating signal. 
CTLA-4, secreted by regulatory T cells and possessing 
a higher level of affinity to B7, results in lymphocytic 
tolerance [38].

Many studies determined that a number of immune 
cells are not acting as immunosurveillance factors but, on 
the contrary, contribute to tumor growth [39–41]. Thus, 
MDSCs [42] and Tregs [43] express a significant number 
of factors, including the immunoregulatory ones, i.e. 
CD25, CTLA-4, GITR, CRCR4 [44], which may suppress 
activation, proliferation and functioning of T cells. 

Gliomas successfully use mechanisms of 
immunosuppression for the further growth under 
conditions of insufficient activity of immune cells in 
peripheral blood. Tumor influence upon the immunity is 
evidenced by the presence in brain gliomas patients of 
significant qualitative and quantitative immune system 
disorders, primarily in cells, which lead to development 
of the secondary immunodeficiency [45, 46]: 
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Fig. 3. Possible ways of activation of the immune response and penetration of 
activated T cells into the CNS in accordance with the CNS “immune privilege” theory
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— development of the general lymphocytopenia 
(CD3+, CD19+);

— significant decrease of protein levels (PLCγ1 and 
p56lck) in T cells, resulting in functional disorders of 
TCR/CD3, which take part in cooperation with APC; 

— decrease of proliferative activity and disbalance 
of the major subpopulations of T cells (primarily caused 
by decrease of CD4+), decrease of functional activity 
of T-lymphocytes as a result of expression by B7-H1 
glioma [47];

— quantitative decrease of CD4+ Т-lymphocytes; 
suppression of their sensibility to stimulation by mitogens 
(ConA, PHA, anti-CD3 mAb, etc.) and by antigenes result 
in decreased secretion of anti-inflammatory cytokines IL-
2 and INFγ, necessary to develop cytotoxicity, associated 
by lymphokine-activated killers (LAK) and cytotoxic 
lymphocytes [48]; 

— decreased secretion of IL-2 and receptors to 
it leading to reduction of proliferative capacity and 
functional activity of CD8+ T-lymphocytes [49];

— disorder of humoral immunity resulting in 
quantitative decrease of immunoglobulins, complement 
system molecules and increase in number of circulating 
immune complexes; 

— significant decrease of macrophages phagocytal 
activity with development of immunosuppressive 
phenotype M2, suppression of macrophage activation 
as a result of secretion of VEGF and Il-6 by tumor cells 
[47, 50, 51].

Active suppression by a tumor of the human immune 
system and its low functioning at the stage of cancelation 
of immunosuppressive mechanisms result in rapid tumor 
proliferation. Support of efficient functioning of the 
immune system and influence upon immunosuppressing 
factors has high potential for managing over uncontrolled 
tumor growth. 

immunotherapy of glial brain tumors 

Immunotherapeutic procedures of malignant brain 
tumors can be divided in the passive and active ones 
(Fig. 4). Passive immunotherapy includes direct 
introduction of monoclonal antibodies (mAbs) and 
effector immune cells — lymphokine-activated killers 
or specific cytotoxic lymphocytes. Administration into 
the body of monoclonal antibodies is based upon their 
selective cooperation with tumor-associated AGs. 
Introduction of LAK and cytotoxic lymphocytes with the 
purpose of strengthening of the effector link of the anti-
tumor response some authors identify as an individual 
branch of adoptive immunotherapy. 

Active immunotherapy presupposes stimulation 
of immunocompetent cells, performed by means of 
administration of cytokines, different proteins or dendrite 
cells. In case of specific active immunotherapy it is 
possible to use two types of vaccines: 1) based on 
tumor-associated AGs (peptide vaccines); 2) based on 
dendrite cells. 

 Passive immunotherapy. This method is about 
activation of ex vivo tumor AGs elements of the immune 
system with acquisition of tumor-associated antibodies 
and effector cells with their further administration to a 
patient’s body. 

1. Monoclonal antibodies preparations. Efficiency 
of preparations of antitumor monoclonal antibodies 
depends on many factors, including stability and 
availability of AGs, density of their distribution inside a 
tumor. Under normal conditions the BBB is impenetrable 
for antibodies, but endothelial cells of neoplastic tumor 
vessels are loosely connected, which allows antibodies 
to penetrate into the tumor. Successful use of antibodies 
marked by a radioactive isotope for visualization of 
tumors confirms this thesis [52]. New methods of the 

Fig. 4. Immunotherapeutic methods of malignant brain tumors 
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BBB penetrating enhancement with the use of bradykinin 
agonists, focused ultrasound, ozonized saline, etc. 
[53–55].

At present there are many potentially efficient 
antigen preparations. For example, it is possible to use 
monoclonal antibodies (BC-2 and 81C6) to tenascin — 
the adhesive tumor protein, spread, primarily, in 
extracellular matrix and perivascular space of gliomas 
[56, 57]. The distinctive feature of glial tumors is hyper-
expression of transmembrane receptor of the epidermal 
growth factor receptor (EGFR), fixation of which leads 
to decrease of vascularisation, proliferative activity and 
apoptosis of tumor cells [58]. There is an entire range 
of monoclonal antibodies medical drugs, aimed against 
EGFR. For example, cetuximab (Erbitux) — a chimeric 
monoclonal antibody to EGFR. Preclinical studies 
proved efficiency of this drug, although the II phase of 
the clinical trial showed no visible therapeutic effect [59]. 
A possibility of use of monoclonal antibodies to EGFR 
trastuzumab (Herceptin) and panitumumab (Vectibix) 
was studies, primarily, on patients with breast and rectal 
cancel, so there is an insignificant number of studies 
devoted to efficiency of this antibodies in treatment of 
gliomas [60]. Bevacizumab is recombinant humanized 
monoclonal antibodies, which selectively associate with 
the Vascular endothelial growth factor A (VEGF-A). 
Efficacy of the drug in case of recurrent glioblastoma, 
which resulted in increased survival rate of patients 
and decrease of tumor recurrence, was proven during 
the II phase of clinical trials [61–64]. A conducted meta-
analysis of trials devoted to the use of bevacizumab in 
combination with irinotecan showed increase of non-
recurrence period, although, it did not confirm any 
significant increase of survival rate [65]. 

Preclinical trials of daclizumab [66] — a preparation 
of antibodies aimed against IL-2Rα (CD25), expressed 
by immunosuppressing T-regulative cells, have been 
conducted. At present a possibility of its use in complex 
immunotherapy of gliomas is being investigated [67]. 

2. Cellular adoptive immunotherapy. In natural anti-
tumor immunity the key role belongs to its cellular 
link. The first experience of using cellular passive 
immunotherapy was related to the local administration 
of autological LAK and recombinant IL-2 into the tumor 
bed prior and upon surgery [68–70]. This methods has 
a number of side-effects, including cerebral edema, 
increased blood pressure, headaches, fever and 
depression of consciousness. Most of the studies have 
not reveal any increase of the average survival rate 
of patients, although, a number of works consider this 
method as effective in glioblastoma treatments [70, 71], 
however it is necessary to mention that LAK has non-
specific cytotoxicity, i.e. these cells are active strictly 
against tumor cells.

A more promising method seems to be the use of 
ex vivo tumor AG-activated mononuclear lymphocytes 
of peripheral blood; promoted by 1) high specificity 

of detection by T-lymphocytes of tumor cells; 2) the 
capability of activated T-lymphocytes to easily penetrate 
the BBB. G.E. Plautz et al. [72] conducted the study 
on patients with brain glial tumor. These patients were 
administered with irradiated autological tumor cells, 
mixed with granulocyte-macrophage colony-stimulating 
factor (GM-CSF), and then activated T-lymphocytes were 
taken out from the draining lymphnode and stimulated by 
the bacterial superantigen — staphylococcal enterotoxin 
A and, in certain cases, by anti-CD3. 2 of 10 patients 
showed regress of glioblastoma recurrence based on 
neurovisualization data. 

Active immunotherapy 
1. Dendritic-cell-based therapeutic cancer vaccines. 

Despite the capability of tumor cells to present AGs 
against T-lymphocytes, the immune response, caused 
by them is very weak. Most probably, this is related 
to inefficiency of AG presentation and insufficiency 
of costimulating molecules. The human body has 
professional antigen-presenting cells — the dendritic 
cells, which possess high capabilities to present foreign 
antigens to T-lymphocytes due to the high expression 
on them of MHC molecules and MHC complexed with 
costimulating CD80 and CD86 molecules. We may 
distinguish two primary subpopulation of dendritic 
cells — DC1 and DC2, which differentiate by histogenesis 
(myeloid and lymphoid), by cellular phenotypes 
(CD11ch1-CD123Io and CD11c-CD123hi accordingly) 
and by influence upon T-lymphocytes (activation of the 
immune system and energy induction, respectively). 
Dendritic cell are capable to activate resting, and what’s 
primarily important, native T-lymphocytes. In cultures, 
there are two way of acquisition of myeloid dendritic 
cells [73]: 1) from bone marrow cells, enreached by 
CD34+ stem elements in the presence of GM-CSF and 
other cytokines (more often TNF-α, sometimes IL-3, SCF, 
FLT3L or TGFβ); 2) out of monocytes in the presence of 
GM-CSF and IL-4. By now a great number of preclinical 
trials has been conducted. During these trials multiple 
methods of loading the dendritic cells by different AGs 
have been used. Sources of tumor AGs may be: tumor 
lysate containing inactivated by ultrasound tumor cells, 
synthetic or acid-eluted peptides, tumor RNA and DNA. 
At present the method of use of dendritic cells is widely 
studies during clinical trials for all kinds of tumors, i.e. 
melanomas, renal carcinomas and prostatic cancer. 

A clinical trial devoted to the use of loaded by tumor 
AGs dendritic cells resulted in a significant increase of 
patients’ survival rate. Median survival of glioblastoma 
patients in the immunotherapy group with the use of 
dendritic cells and in the control group was 455 and 
257 days, respectively [74]. During this study surface 
tumor AGs were acid-eluted and incubated with 
autologous dendritic cells, acquired from monocytes of 
peripheral blood in the presence of GM-CSF and IL-4. It 
is necessary to mention, that this method did not result 
in any significant side-effects or autoimmune toxicity. 
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During some other clinical trial the dendritic cells were 
incubated with autologous tumor cells in the presence 
of polyethyleneglycol [75]. The study resulted in a partial 
treatment response and no significant side-effects. A 
recent trial [76], involving 77 patients diagnosed with a 
glioblastoma for the first time, also resulted in no side-
effects related to the use of the vaccine. Thus, use of 
dendritic-cell-based therapeutic cancer vaccines may 
be called conditionally safe. Although, it is difficult to 
evaluate efficiency of this immunotherapeutic method 
due to differences in methods of vaccine application and 
designs of the trials. A choice of an optimal source of 
dendritic cells, inductive methods of their maturation, 
methods of loading by tumor cells, the most efficient 
vaccination protocols, and use of cytokines as adjuvants 
remain open-ended questions [77]. 

2. Peptide vaccines. Use of these vaccines is a very 
perspective type of immunotherapy of malignant brain 
tumors. APC present these AGs together with the MHC 
molecule, thus, activating cytotoxic lymphocytes. Results 
of many trial devoted to efficiency of peptide vaccines 
against all kinds of malignant tumors can be called 
unsatisfactory [78]. Although, the most recent studies of 
these vaccines against malignant gliomas showed some 
positive results. 

Therapy of glioblastoma patients using peptide 
vaccines against EGFRvIII protein, mutant form of EGFR, 
has successfully passed stage I of VICTORI clinical 
trials, during which patients were administered with 
dendritic cells, loaded with EGFRvIII, conjugated with 
KLH (Keyhole limpet hemocyanin) [79]. Median survival 
of patients receiving the vaccine was 22.8 months, 
which is significantly more, than in patients, receiving 
temozolomide (14.6 months) [1]. A recent II stage study 
of 21 patients with EGFRvIII-positive glioblastomas, 
showed significant increase of the median survival (26 
months, p=0.0013) with the use of the vaccine against 
EGFRvIII vs. the control group, which did not receive 
the immunotherapy [80]. During the study, patients 
upon undergoing surgery, standard radiation and 
chemotherapy with temozolomide, were receiving on a 
monthly basis the vaccine against EGFRvIII until tumor 
progression; the medium time until tumor progression 
was 16.6 months. At present the III stage of the clinical 
trials devoted to the use of vaccines based on EGFRvIII 
protein is being planned to be carried out. 

Since immunogenisity of tumor AGs can be weak, 
certain attempts are being made in order to use a mixture 
of different antigens for the vaccination purposes [81]. By 
use of this strategy it is possible to receive a strong and 
rapid response resulting in development of cytotoxicity 
determined by cytotoxic lymphocytes [82]. Data of a stage 
I clinical trial related to research of polyepitope vaccines 
used in 25 patients with malignant brain gliomas has 
been published [81]. The trial involved prevaccination 
with further sampling of mononuclear lymphocytes of 
peripheral blood and plasm from patients for the purpose 

of analyzing the body response to the vaccine. The most 
immunologically relevant proteins, such as lymphocyte-
specific protein tyrosine kinase and multidrug resistance-
associated protein 3 have been determined. From 5 
percent of patients a partial response has been acquired, 
the median survival was 18 months. A recent clinical 
trial related to research of vaccinations using individual 
peptide cocktails has brought some positive results as 
well [83]. 

immunotherapy aimed against tumor stem cells

Currently, a new theory of a key role of tumor stem 
cells in pathogenesis of glial brain tumors is being widely 
discussed. According to this theory the tumor tissue has a 
pool of stem cells responsible for tumor proliferation, high 
invasiveness, resistance to radiation and chemotherapy, 
migration of tumor cells far out from the primary site, 
provided however that the other part of the tumor cells 
is not actively participating in these processes and plays 
a secondary role [84–86]. Tumor stem cells express 
on their surface a number of typical CD133, Nestin, 
Sox2, CD15, Musachi molecules, and use them for the 
identification purposes [87]. Presence in tumor stem cells 
of multidrug resistance genes (MDR-genes) [88], allows 
them to not only response to chemotherapy drugs but to 
recover tumor growth [89]. Most probably, tumor stem 
cells are more resistant to radiation therapy as well [90]. 
One of the key factors of resistance to radiation and 
chemotherapy is the tumor vasculature, as subject to 
disorders of the BBB in tumor tissue and due to increase 
of interstitial pressure transportation of medical drugs to 
the tumor cells is hindered [91, 92]. At the same time, 
radiation therapy increases expression of VEGF in tumor 
cells [93], which is the primary growth factor of tumor 
vessels, and which may contribute to tumor growth and, 
probably, resistance to chemotherapy. 

Thus, taking into consideration precedence of 
radiation and chemotherapy aimed against “auxiliary” 
tumor cells, it is necessary to continue searching for new 
effective methods to affect tumors by means of targeting 
tumor stem cells. 

A possible option of targeting tumor stem cells is 
immunotherapy. SOX6 — specific AG for glioma-
associated stem cells and gliomas in general [94]. 
Derivatives of SOX6 — antigenes of A2 and A24 
leukocytes have been detected. Use of these derivatives 
resulted in stimulation of human lymphocytes, causing 
specific T cell response [95]. Another antitumor stem 
cells immunotherapeutic method is the use of dendritic 
cell-based vaccines with tumor stem cells, derived from 
tumor material. Some currently conducted clinical trials 
studying glial tumors in mice and rats have shown these 
vaccines with tumor stem cells are promising [96, 97]. 
Probably, tumor stem cells in particular shall be the 
primary target when developing treatment methods of 
malignant brain tumors. 
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Conclusion

Immunotherapy of malignant brain tumors is a 
perspective treatment method, based upon activation 
and strengthening of self body defenses. Actions of the 
immune system are characterized by the high specificity, 
a capacity to control antigene content of body cells in 
general, absence of a significant toxic effect related 
to healthy cell. Efficiency of the method is limited by 
certain immunological isolation of the CNS, by the 
tumor capacity to suppress immune system protective 
mechanisms, formation by the tumor of vascular and 
stromal membranes, and presence of tumor stem cells 
with high mutative capacities. At present, any existing 
results of immunotherapy of glial brain tumors are far 
from being perfect. However further studies in the field 
of resistance mechanisms of gliomas against different 
treatment approaches, new data on tumor nature and 
relationships in the “tumor–organism” system shall 
become a foundation for development of new strategies 
in immunotherapy of malignant brain tumors, which 
allows to be positive about improving results in treatment 
of patients with malignant brain tumors. 
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