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Abstract 

Glioblastomas (GBM) are the most malignant brain tumors, which are thought to 

originate from neoplastic transformation of glial cells. These tumors are characterized with 

highly infiltrative growth, neovascularization, and radio- and chemoresistance. In spite of 

current therapy including surgical resection of the tumor and chemo/radio therapy, patient’s 

prognosis is still poor and median survival is about 15 months. Certain non-tumor cells 

present in the GBM microenvironment participate in tumor progression using mechanisms 

contributing to the local and systemic immunosuppression. Critical roles in the immune 

escape of GBM have the regulatory T-cells (Tregs), the tumor-associated macrophages 

(TAMs) and the myeloid-derived suppressor cells (MDSCs). Immunosuppressive mechanisms 

in GBM are conducted through direct cell-mediated contacts and soluble mediators secreted 

by tumor-associated cells into the local tumor microenvironment and circulating blood. Both 

these processes may inhibit immune response mounted against cancer cells. Certain cancer 

associated cells and secreted mediators are distributed by peripheral blood and potentiate 

systemic immunosuppression in the GBM host organism. Gaining knowledge about these 

mechanisms may reveal to possible targets for GBM immunotherapy. For instance, 

therapeutic targeting of immune checkpoint molecules such as CTLA-4 and PD-L1 by 

inhibitors are now in the phase of clinical testing. 
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Abstrakt 

Glioblastomy (GBM) jsou vysoce maligní mozkové nádory, které pravděpodobně 

vznikají neoplastickou transformací gliálních buněk. Vyznačují se vysoce infiltrativním 

růstem, hustou neovaskularizací a radio- a chemorezistencí. Současná terapie je založena 

především na chirurgickém odstranění nádorové léze a následné chemo- či radioterapii. 

Prognóza pacientů zůstává nadále velmi špatná a medián přežití je přibližně 15 měsíců. 

Buňky nádorového mikroprostředí se podílejí na progresi tumoru řadou mechanizmů, jejichž 

součástí je lokální i systémová imunosuprese. Tento efekt vykazují zejména regulační T-

buňky (Tregs), nádorově asociované makrofágy (TAMs) a myeloidní supresorové buňky 

(MDSCs). Imunosupresivní mechanismy u GBM jsou vykonávány prostřednictvím přímých 

intercelulárních kontaktů a sekrecí solubilních mediátorů nádorově asociovanými buňkami do 

lokálního nádorového mikroprostředí a do cirkulující krve. Oba tyto procesy mohou inhibovat 

imunitní odpověď namířenou proti nádorovým buňkám. Pochopení těchto imunosupresivních 

mechanizmů může odhalit potenciální terapeutické cíle a metody vhodné k imunoterapii 

GBM. V současné době jsou ve fázi klinického testování inhibiční protilátky některých 

“immune checkpoint“ molekul, a to například CTLA-4 a PD-L1. 
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1. Introduction 

 

One of the roles of immune system is to protect organism against cancer by a way of 

detection and elimination nascent tumor cells and by suppression of tumor growth. In some 

circumstances, immune system has insufficient capability to control tumor cells 

multiplication. Immune surveillance fails and this allows tumor cells to develop malignant 

tumors and to accomplish neoplastic progression. The functionality of immune system in the 

tumors has been a hot spotlight in scientific research for a few decades and glioblastoma is 

not an exception.  

Glioblastoma multiforme (GBM) is the most common, aggressive and malignant brain tumor. 

Besides of its proliferative, invasive, and highly neovascularized characteristics, GBM have 

immunosuppressive properties consequent from the dynamic interactions of immune cells 

with the tumor microenvironment. GBM interact with immune cells at several stages to 

inhibit anti-tumor immune response and to mount the immunosuppressive microenvironment.  

The GBM-mediated regulation of the immune system has arisen from the association of tumor 

cells with immune modulators. It promotes a strong immunosuppression in GBM 

microenvironment and leads eventually to tumor progression. The current therapy of GBM is 

based on the surgical resection of GBM lesion and on chemo- and radiotherapy. 

Understanding the immunosuppressive mechanisms which are generated in GBM 

microenvironment may lead to development of targeted GBM immunotherapy.  

The aim of the thesis is to describe known mechanisms of immunosuppression within the 

glioblastoma microenvironment and to introduce some of these mechanisms as possible 

targets of immunotherapy.   



 

2. Glioblastoma multiforme 

 

Glioblastoma multiforme (GBM) is the most common and malignant brain tumor of 

central nervous system. GBM are formed from glial cells and the World Health Organization 

(WHO) classified them as glioma tumors grade IV. GBM are characterized by great cellular 

heterogeneity, aggressive invasion and high proliferation. Prognosis is poor and the median 

survival of patients is about 15 months (reviewed in Louis et al., 2016). WHO divided GBM 

in dependence to mutation in genetic marker isocitrate dehydrogenase (IDH) as IDH wild type 

(GBM IDH-WT) or mutant (GBM IDH-M) glioblastoma. GBM IDH-WT is predominant type 

in patients over 55 years and corresponds to clinical term – primary or de novo GBM. GBM 

IDH-M is most common in younger patients with history of prior lower grade gliomas. It is 

related to clinical term secondary GBM. Mutations in IDH are very rare in primary GBM but 

they exist and in that case, share comparable genetic features with secondary GBM, including 

tumor protein p53 (TP53) mutations and lacking epidermal growth factor receptor (EGFR) 

amplifications (Nobusawa et al., 2009). GBM IDH-WT is mostly developed from astrocytes 

or precursor stem cells and is highly heterogeneous with wide range of expression profiles 

detected as neural, pro-neural, classical, or mesenchymal (Verhaak et al., 2010). Typical 

genetic features are upregulation of vascular endothelial growth factor (VEGF) associated 

with spreading areas of necrosis, EGFR amplifications, mutation in phosphatase and tensin 

homolog (PTEN) and deficit of chromosome 10 (Godard et al., 2003; Lai et al., 2011; Ohgaki 

and Kleihues, 2007). Loss of heterozygosity 10q (LOH 10q) is a mutual genetic feature for 

primary and secondary GBM (Ohgaki et al., 2004).  

Most of the GBM IDH-M develops from a glioma WHO grade II or anaplastic 

astrocytoma grade III (reviewed in Ohgaki and Kleihues, 2013). Typical genetic indicators of 

GBM IDH-M are mutations of IDH, ATP-dependent helicase (ATRX) and TP53 (Liu et al., 

2012) (Figure1).  

 



 

 

Figure 1: Genetic origins of primary and secondary GBM  

EGFR (epidermal growth factor receptor), TP53 (tumor protein p53), PTEN (phosphatase and tensin homolog), 

ATRX (a-thalassemia/mental-retardation-syndrome-X-linked), CIC (homolog of the Drosophila gene capicua), 

FUBP1 (far upstream element binding protein 1), LOH (Loss of heterozygosity), IDH (isocitrate dehydrogenase) 

(reviewed in Ohgaki and Kleihues, 2013). 

  



 

3. Glioblastoma microenvironment and immunosuppression 

 

GBM contain tumor cells and non-malignant cells of the microenvironment 

participating in tumor development. Cells of immune system normally perform immune 

surveillance and monitor abnormal behaviors of cells and recognize tumor cells. Under GBM 

conditions, immune cells are converted into immunosuppressive phenotype or leading to 

apoptosis. Immunosuppressive behavior of cells in the microenvironment potentiate the 

proliferative and expanding characteristics of GBM including migration to borders of normal 

tissue and invasion, which is associated with degradation of extracellular matrix components 

(ECM). GBM are one of the most vascularized tumors. Overexpression of proangiogenic 

factors within tumor environment (e.g. VEGF) leads to impairment of endothelial cells, poor 

recruitment of pericytes and correlate with patient prognosis and survival (Plate et al., 1992). 

Circumstances associated with formation of new blood vessels promote hypoxic environment, 

necrotic areas, and disruption of blood brain barrier (BBB) integrity (On et al., 2013).  

Blood flow disseminates immunosuppressive agents such as secreted factors and GBM 

related cells in body circulation. Suffering from GBM have not only strong local 

immunosuppressive defects but also systemic impact. Factors secreted in GBM 

microenvironment shift immune response to immunosuppressive Th2 supporting tumor 

progression (Kumar et al., 2006). In blood of patients bearing GBM some of the anomalies 

have been found in contrast to healthy people. Abnormal population of peripheral monocytes 

has been detected with large expansion in blood samples of GBM patients significantly 

defected about HLA-DR (molecule presenting antigens to T-cell) expression. In GBM 

patients, the expression of granulocyte macrophage colony-stimulating factor (GM-CSF), 

receptor necessary for monocytes development has been significantly decreased (Ogden et al., 

2006). Monocytes with a lack of HLA-DR expression correlated with more unfavorable 

prognosis of GBM patients. Abnormal monocytes are unable to trigger signal in dendritic 

cells (DCs) to differentiate and activate T-helper cells (Gustafson et al., 2010; 

Woiciechowsky et al., 1998). Fraction of Tregs population has been increased in blood of 

GBM patients. Elevation of peripheral Tregs correlated with reduction of CD4+ T-cells and 

their disability to function properly. Simultaneously with elevated Tregs, TGF-β, important 

factor for Tregs development, has been increased in patients serum as well (Fecci et al., 

2006). MDSCs have also expanded in patient blood as result of dysfunctional and altered 

hematopoiesis in bone marrow. The activity of arginase is related to the increase of MDSCs 



 

population in serum. Blood derived MDSCs have immunosuppressive effect on function of T-

cells (Gielen et al., 2016). 

  



 

  

 

Figure 2: The immunosuppressive microenvironment of GBM 

Infiltration and immunosuppressive phenotype of immune cells are maintained by many factors in GBM 

microenvironment. Polarization to M2 phenotype of tumor associated macrophages is mediated by GBM 

secreted factors such as macrophage inhibitory cytokine 1 (MIC-1), transforming growth factor (TGF-β) and 

colony stimulating factor 1 (CSF-1). Recruitment of Tregs is promoted by interaction of GBM’s programmed 

death-ligand 1 and its receptor and secreted factors containing the chemokine ligand 2 (CCL2) binding with C-C 

chemokine receptor type 4 (CCR4) and TGF-β. Chemoattraction of MDSCs is mediated by the secretion of 

CCL2 in the microenvironment and interact with surface receptor of MDSCs C-C chemokine receptor type 2 

(CCR2). Antitumor immune activity of natural killer cells (NK) is inhibited by tumor secreted miR-92a. Glioma 

cells have plentiful overexpressed surface antigens to inhibit activity of T-effector cells including Fas ligand 

(FasL), programmed death-ligand 1 (PD-L1), CD70 and gangliosides (Ben-Shoshan et al., 2008; Dong et al., 

2002; Francisco et al., 2009; Chahlavi et al., 2005; Chang et al., 2016; Chen et al., 2003; Parney et al., 2000; 

Tang et al., 2014; Wu et al., 2010). 

  



 

4. Mechanisms of immunosuppression in the microenvironment 

of GBM 

 

GBM consist of cells which interact with immune system at many levels. They secrete 

factors triggering immunosuppressive phenotype of immune cells regulators or factors, which 

straightly affect activity of effector immune cells. Another way of GBM promoting 

immunosuppressive surroundings is through surface antigens by cell contact.  

4.1. Hypoxia 

Hypoxic environment is induced during tumor expansion, when new blood vessels 

with abnormal morphology are made as a consequence of necessary increasing oxygen 

utilization. Inhibitions of innate and adaptive immunity are both generated by hypoxia (Di 

Tomaso et al., 2010; Wei et al., 2010; Wu et al., 2010). Hypoxic environment is considered as 

an immunosuppressive condition and activates “Signal transducer and activator of 

transcription 3” (STAT3). Activation of STAT3 pathway in immune cells inhibits the 

secretion of stimulatory antitumor cytokines and contrariwise supports immunosuppressive 

activity with secretion of anti-inflammatory cytokines like interleukin 10 (IL-10) and 

transforming growth factor beta (TGF-β) (Kinjyo et al., 2006). Macrophages seem to be an 

important state with high-level of STAT3 activated pathway (Yaghi et al., 2017). Under 

hypoxic conditions, GBM are stimulated to produce VEGF with a role in neoangiogenesis and 

to simultaneously produce TGF-β and hypoxia-inducible factor 1-alpha (HIF-1-α) responsible 

for regulatory T-cells (Tregs) recruitment (Ben-Shoshan et al., 2008). Further cytokines that 

are triggered to be produced in association of hypoxia are colony stimulating factor 1 (CSF-

1), chemokine C-C motif ligand 2 (CCL2) and galecitn-3 (Figure 2) (Brault and Kurt, 2005; 

Chang et al., 2016; Peng et al., 2008; Wu et al., 2010).  

4.2. Immune checkpoint molecules 

Immune checkpoint molecules take part in immunological evasion of GBM. The most 

important are programmed death-ligand 1 (PD-L1), cytotoxic T-lymphocyte-associated 

protein 4 (CTLA-4) and indoleamine-2, 3-dioxygenase (IDO).  

The PD-L1 molecule (also known as B7-H1) is a critical immunoregulator of T-cell 

activation in GBM microenvironment. In the case of an immunosuppressive event, PD-L1 is 

located on the surface of glioma cells and is simultaneously expressed in TAMs and MDSCs 

(Bloch et al., 2013; Dong et al., 2002; Dubinski et al., 2016). The membrane-bound PD-L1 



 

molecules are able to induce anergy of T-cells by counteracting TCR signaling, to suppress 

survival and to completely reduce the effector function of T-cells (Bloch et al., 2013). PD-L1 

molecules on GBM’s surface interact with PD-1 receptor molecules located on T-effector 

membrane generates and this triggers apoptotic response in T-cells (Figure 3) (Avril et al., 

2010).  

The CTLA-4 molecules are constitutively expressed in recruited Tregs and are 

upregulated in activated conventional T-cells (Takahashi et al., 2000). CTLA-4 molecules 

bind CD80 and CD86 molecules on the surface of antigen-presenting cells (APC) with higher 

affinity than does CD28 receptor of conventional T-cells. Hence, these receptor molecules 

compete for CD80 and CD86 binding. CD80 and CD86 molecules function as co-stimulators 

and are essential for generation of a full activating signal which leads to T-cell proliferation 

and terminal differentiation. Downregulation of immune response is mediated through 

outcompeting of CD28 co-stimulation and via depletion of CD80 and CD86 by endocytosis 

(Linsley et al., 1994; Qureshi et al., 2011). It has been demonstrated that the interaction of 

CTLA-4 with CD80/86 on DCs transmits signal that upregulates the overexpression of IDO 

and triggers its enzymatic activity (Munn et al., 2004).  

The immunosuppressive role of IDO molecules in GBM is not fully elucidated. IDO is 

a cytosolic enzyme which degrades tryptophan to various metabolites which inhibit the 

proliferation of lymphocytes. The level of upregulated IDO in DCs is associated with the 

induction of Treg phenotype in naive T-cells (Fallarino et al., 2006). In addition, the increased 

expression of IDO is associated with worse prognosis in GBM patients (Wainwright et al., 

2012).  

4.3. Apoptosis of immune cells  

Apoptosis is an essential biological process for keeping a healthy tissue by removal of 

old and damaged cells, followed by substitution with new cells. One of the approach 

contributes to apoptotic pathway is by Fas ligand (FasL) and Fas receptor interaction. The 

presence of transmembrane protein FasL has been confirmed in GBM cells and microglia as 

well. FasL interaction with Fas receptor of immune cells or microglia is a part of the 

processes leading to apoptosis of T-effector cells and contributes to the immunosuppressive 

milieu of GBM (Figure 3 and 4) (Badie et al., 2001; Parney et al., 2000). Further process 

transmitting apoptotic signal in T-cells is through CD70-CD27 interaction. CD70 is a tumor 

necrosis factor overexpressed on glioma cell surface (Yoon et al., 1999). Additional surface 



 

molecules transmitting apoptotic signal in T-cells are gangliosides presented in GBM lines 

(Figure 3) (Chahlavi et al., 2005). The ability of gangliosides to inhibit immune response has 

been verified by the treatment of glucosylceramide synthase inhibitor and the competence to 

decrease infiltrating lymphocytes by apoptosis was significantly reduced (Chahlavi et al., 

2005; Kudo et al., 2003). 

  



 

 

Figure 3: Immunosuppression promoted by glioma cell antigens 

Glioma cells have plentiful overexpressed surface antigens to inhibit activity of T-effector cells including Fas 

ligand (FasL), programmed death-ligand 1 (PD-L1), CD70 and gangliosides. Furthermore, another GBM 

overexpressed antigen is Lectin like transcript 1 (LLT1), to bind natural killer cell receptor CD161 to suppress 

antitumor activity. (Dong et al., 2002; Chahlavi et al., 2005; Parney et al., 2000; Roth et al., 2007). 

  



 

4.4. Phenotypic polarization of tumor associated macrophages and 

microglia 

Tumor associated macrophages (TAMs) originating in macrophage lineage are 

immune cells presented in the surroundings of GBM. Macrophages and microglia with M1 

phenotype stimulate inflammation by secretion of proinflammatory cytokines. On the 

contrary, M2 phenotype of macrophages and microglia decrease the inflammation. Shift to 

Th2 immune response stimulates secretion of anti-inflammatory cytokine IL-10 inhibiting 

production of pro-inflammatory cytokines like IFN-γ and TNF-α. Other important cytokines 

promoting tumor growth are IL-6 and IL-1 (Hao et al., 2002; Rodrigues et al., 2010). TAMs-

secreted TGF-β1 increases the invasion capacity of tumors (Ye et al., 2012). After raised 

activity of STAT3 pathway in glioma cells, STAT3 activity in TAMs is increased as well and 

promotes M2 phenotype differentiation to support angiogenesis and tumor invasion and 

contributes to the immunosuppressive microenvironment of GBM (Lin et al., 2006). Glioma 

cancer stem cells (gCSCs) mediate the polarization of macrophages and microglia into 

immunosuppressive conditions by secretion of CSF-1, TGF-β1, and macrophage inhibitory 

cytokine 1 (MIC-1) (Figure 2). The phagocytic activity is inhibited but macrophages and 

microglia are stimulated to produce immunosuppressive cytokines IL-10 and TGF-β and their 

capacity to inhibit T-cell proliferation is enhanced (Wu et al., 2010) (Figure 3 and 4).  

 

  



 

 

Figure 4: Immunosuppression promoted by Tumor associated macrophages (TAMs) 

TAMs suppress activity of T-effector cells by overexpressed surface antigens programmed death-ligand 1 (PD-

L1) and Fas ligand (FasL). Both antigens interact with their receptor PD-1 and Fas expressed by T-effector cells. 

Secreted cytokines IL-10, IL-6, IL-1 and TGF-β1 mediate immunosuppressive effect of the GBM milieu (Badie 

et al., 2001; Bloch et al., 2013; Hao et al., 2002). 

  



 

4.5. Recruitment of regulatory T-cells 

Regulatory T-cells (Tregs) have an immunosuppressive impact on the 

microenvironment of GBM and immune cells. Mechanisms of Tregs immunosuppression and 

recruitment are based on cell contact interactions or secretion of cytokines with 

immunosuppressive effects. Tregs mediated immunosuppression is more frequent in high-

grade glioma originating in astroglioma than low-grade oligodendric gliomas (Heimberger et 

al., 2008).  

The attraction of Tregs could be performed via hypoxic related STAT3 pathway 

inducing HIF-1-α production (Ben-Shoshan et al., 2008) and CCL2 signalization based on 

interaction with chemokine receptor type 4 (CCR4) of Tregs. The main sources of CCL2 are 

glial cells as well as macrophages (Chang et al., 2016). There are two distinct populations of 

Tregs in GBM microenvironment. Population of CD4+ CD25+ thymus-derived natural Tregs 

(nTregs) normally responsible for immune regulation derived de novo and induced Tregs 

(iTregs) differentiated  from peripheral naive CD4+
 CD25-

 T-cells under GBM 

immunosuppressive conditions (Vasco et al., 2013). Conversion of peripheral naive T-cells to 

iTregs can be induced by secretion of TGF-β and IL-2. Concentration of TGF-β is significant 

for “forkhead box P3” (FoxP3) expression which is associated with Tregs differentiation 

(Chen et al., 2003). PD-L1 molecules overexpressed on the surface of glioma cells interact 

with PD-1 molecules of naive T-cells and interaction induces iTregs development and FoxP3 

expression which has been demonstrated by in vitro experiment of Francisco et al. (2009) 

(Figure 2) (Francisco et al., 2009). Dominant population of CD4+CD25+Foxp3 cells presented 

in GBM are thymus-derived natural Tregs (Wainwright et al., 2011). Tregs are characterized 

by the expression of transmembrane immune checkpoint protein CTLA-4 to weaken immune 

response (Takahashi et al., 2000). GBM microenvironment induces IL-17+Tregs to secrete 

cytokines IL-17 and TGF-β to promote inhibition of CD8+ T-cells cytotoxic activity. Secreted 

TGF-β is a dominant molecule in Tregs to render immune suppressor capacity (Liang et al., 

2014). Heme oxygenase-1 (HO-1) accumulates during glioma progression and the level of 

enzyme positively correlates with the frequency of FoxP3 mRNA expression in grade IV 

tumors. HO-1 is an enzyme with catalytic activity to degrade heme to biliverdin, ferrous iron 

and carbon monoxide (CO). Induction of HO-1 production in GBM is fomented by its 

hypoxic microenvironment. HO-1 molecules with enzymatic activity produce carbon 

monoxide to suppress T-cell proliferation. Expression of HO-1 enzyme is determined by the 

infiltration of Tregs population (Figure 4) (El Andaloussi and Lesniak, 2007).  



 

 

 

Figure 4: Immunosuppression promoted by regulatory T-cells (Tregs) 

Tregs secrete immunosuppressive cytokine TGF-β and carbon monoxide produced by overexpressed enzyme 

heme oxygenase 1. Both processes induce anergy of T-effector cells and downregulation of immune response 

against cancer cells (El Andaloussi and Lesniak, 2007; Liang et al., 2014).  

 

  



 

4.6. Differentiation of tolerant natural killer cells 

Natural killer cells (NK) are cytotoxic type of lymphocytes which have origin in 

myeloid lineage. Mechanisms of their immune response are based on binding of activating 

and inhibiting receptors which recognize abnormal expression of MHC molecules, which is 

the case of tumor, and stimulate secretion of perforin and granzyme along with antitumor 

cytokines to attack tumor cells (reviewed in Vivier et al., 2011). GBM restrain antitumor 

mechanisms of NK and manage the tolerant NK differentiation. Immunosuppressive 

phenotype of tolerant NK is promoted via GBM secreted miR-92a. The ability of antitumor 

immune response is practically lost and NK are differentiated to inhibit CD8+ T-cell 

activation and proliferation (Figure 2) (Tang et al., 2014). Overexpressed Lectin-like 

transcript 1 (LLT1) surface ligands in glioma cells interact with receptors CD161 of NK and 

inhibit specific antitumor activity of NK. By LLT1-CD161 interactions, the ability of NK 

recognizing stressed cells, including tumor cells, is downregulated and GBM immune 

evasiveness is supported (Figure 3) (Roth et al., 2007).  

  



 

4.7. Infiltration of myeloid-derived suppressor cells 

Myeloid-derived suppressor cells (MDSCs) are heterogeneous type of cells originating 

in the myeloid lineage with immunosuppressive properties in GBM. There are CD14+ 

monocytic and CD15+ granulocytic MDSC populations presented in the microenvironment of 

GBM (Gielen et al., 2015). GBM induce secretion of various cytokines (e.g. VEGF, IL-6, 

GM-CSF and G-CSF) which positively influence the migration and activation of MDSCs to 

tumor microenvironment (Raychaudhuri et al., 2011). Moreover, MDSCs express the surface 

receptor CCR2 and thus they bind the chemokine CCL2, which is secreted by macrophages 

and glial cells. Chemoattractive effect of CCL2 stimulates MDSCs migration to GBM 

microenvironment (Figure 2) (Chang et al., 2016). MDSCs suppress the immune effector T-

cells using several mechanisms which involve PD-L1 molecules (see above) and arginase I 

enzymes. 

One of the mechanisms blocking T-cell activity is the upregulation of arginase I. This 

enzyme, when overexpressed in MDSCs that infiltrate GBM microenvironment, is 

responsible for depletion of the essential amino acid L-arginine, which is necessary for the 

expression of CD3ζ co-receptors and thus the function of T-cells. The deficiency of L-

arginine in T-cells is the reason of a shorter mRNA half-life and lack of CD3ζ co-receptor 

biosynthesis (Figure 5) (Dubinski et al., 2016; Rodriguez et al., 2002).  

  



 

 

 

Figure 5: Immunosuppression promoted by myeloid-derived suppressor cell (MDSCs) 

Overexpressed programmed death-ligand 1 (PD-L1) molecules in MDSCs interact with T-effector cell receptors 

PD-1 and mediate apoptopic response in T-cells. Upregulated arginase I enzyme degrades the amino acid L-

arginine essential for T-cell development (Dubinski et al., 2016; Mazzoni et al., 2002). 

 

  



 

5. Immune-based therapies 

 

Successful therapy of GBM is limited by the immunosuppressive milieu and fail of 

immune response, which is not able to eliminate cancer cells. Immunotherapeutic approach is 

an appealing method for GBM treatment which focuses on stimulation of Th1 immune 

response and elimination of cancer cells.  

Several studies were lead to develop drugs directed against various molecular markers 

such as EGFR, VEGF or PTEN either as monotherapy or in combination with other agents. 

However, the results from usage of inhibitors against genetic characteristics in GBM were 

generally weak and do not improve median survival or only slightly (Brown et al., 2016; 

Chinot et al., 2014; Ma et al., 2015).  

Blockade of immune checkpoint molecules has brought exciting results of enhancing 

anticancer immune response in various types of tumor and provides a promising 

immunotherapeutical approach in newly diagnosed and recurrent GBM (Donin et al., 2017; 

Schadendorf et al., 2015; Slovin et al., 2013; Yang et al., 2007). There are several monoclonal 

antibodies targeting immune checkpoint molecules such as ipilimumab against CTLA-4, 

nivolumab and pembrolizumab targeting PD-1 and atezolizumab using against PD-L1. The 

idea coming from a perspective of using immune checkpoint molecules blockades, is that 

these drugs pass through BBB effectively and are active in CNS with an acceptable safety 

profile. Several clinical studies in I-III phases of trial are planned with inhibitors of immune 

checkpoint molecules up to 2020 (reviewed in Polivka et al., 2017). 

Apart from clinical testing of inhibitors for immune checkpoint molecules, attention is 

focused on the other immunosuppressive mediators with possible potential in immunotherapy. 

There is study, which is aimed on depletion of Tregs. According to results of Curtin et al. 

(2008) Tregs elimination shows increase in survival of implanted mice. Even though Tregs 

depletion has some disadvantages, it looks like eradication of Tregs population is correlational 

with decrease of tumor antigen specific T-cells. Moreover, results from a depletion of Tregs 

show better expectations for survival only in a small-scale tumor (Curtin et al., 2008). Recent 

study of Yaghi et al. (2017) has come with an appealing approach of directly targeting STAT3 

by developing of nanoparticle. Lipid nanoparticle containing miR-124 mostly contacts with 

circulating monocytes and macrophages which are known to be a location of STAT3 

regulation. Nanoparticles containing miR-124 inhibit STAT3 translation after association with 



 

monocytes and macrophages hence they function as professional antigen presenting cells and 

induce T-cell activation allowing anticancer response (Wei et al., 2013; Yaghi et al., 2017).  

  



 

6. Conclusions 

 

Glioblastomas (GBM) have strongly proliferative and highly invasive features which 

consequently lead to poor prognosis of patients suffering from these tumors, to high mortality 

and short median overall survival, despite of the contemporary treatment methods making it 

one of the most devastating types of cancers. 

The pathogenesis and progression of GBM is dependent on the interaction of cancer cells with 

various components of GBM microenvironment including immune cells, playing an important 

role in the process immunosuppression. GBM are able to modulate the elements of immune 

system to induce immunosuppressive properties locally and also systemically. The 

intratumoral milieu of GBM promotes and governs the infiltration, recruitment and 

polarization of immune cells to get the immunosuppressive phenotype. The 

immunosuppression is accomplished via direct cell-cell interactions or through secretions of 

immunosuppressive factors to block anticancer immune response and it has a pivotal role in 

the tumor progression.  

Targeting these immunosuppressive mechanisms gives us an opportunity to improve the 

effectiveness of GBM therapy. Currently, there are several promising ongoing trials of GBM 

immunotherapy based on the inhibition of immune checkpoint molecules. 
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