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Abstract 
 

Gliomas are primary brain tumors of the central nervous system and they are 

characterized by great cellular heterogeneity. According to the World Health 

Organization (WHO) classification of primary brain tumors, gliomas are distinguished by 

morphological criteria that include morphological similarities of the tumor cells with 

non-neoplastic glial cells, Thusly, they are classified as astrocytic, oligodendroglial, 

mixed oligo–astrocytic, or ependymal tumors, and they are graded on a scale of I–IV 

[astrocytic (grade I–IV); oligodendrogliomas (grade II–III); mixed tumors (grade I–III)] 

with increasing malignancy. 

Recently, the discovery of several genetic alterations and aberrant signaling 

pathways has made a considerable contribution to our understanding of the genesis and 

biology of gliomas. To date, four biomarkers have consistently been associated with 

diagnosis and prognosis in gliomas: the co-deletion of chromosomes 1p/19q, O
6
-

methylguanine DNA methyltransferase (MGMT) promoter methylation, mutations in 
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isocitrate dehydrogenase (IDH) IDH1/2 genes and amplification of epidermal growth 

factor receptor (EGFR). Molecular understanding of gliomas is crucial to improve 

classification, better predict outcome, select patients in clinical trials, and finally provide 

specific therapy to individual tumor types. 

On the other hand, treatment of gliomas requires a careful selection of one or more 

interventions, such as surgery, radiotherapy, and chemotherapy. The prognosis for 

patients with high-grade gliomas is poor, and it has improved little in recent years. The 

response to chemotherapy is modest and presents with high toxicities. Radiation therapy 

is moderately effective and it presents limitations due to collateral radiation damage to 

healthy brain tissue. Other characteristics that limit the therapy of gliomas is the poor 

drug delivery and inherent chemo- and radio-resistance. Some investigations are focusing 

on eliminating residual cells with stem-like characteristics that confer resistance and 

tumor propagation. Other aspects associated with proliferation and the spread of tumors 

is their microenvironment. 

To overcome these limitations in conventional therapy, research in nano- and 

immune-therapy areas are developing. Nanoparticles are emerging as innovative tools in 

research and therapies in gliomas due to their capacity of self-assembly, small size, 

increased stability, biocompatibility, tumor-specific targeting using antibodies or ligands, 

encapsulation and delivery of antineoplastic drugs, and increasing the contact surface 

between cells and nanomaterials. The active targeting of nanoparticles through 

conjugation with cell surface markers could enhance the efficacy of nanoparticles for 

delivering several agents into the tumoral area while significantly reducing toxicity in 

living systems. 

Recent clinical studies have developed immunotherapies based on the expression of 

tumoral antigens. This treatment uses peptide vaccines to trigger the immune response 

against the tumor. Additionally, antibody-toxin complexes known as immunotoxins have 

been designed. These recombinant proteins consist of a specific antibody or ligand 

coupled to a toxin protein. The toxins used are byproducts of plants, bacteria and fungi 

that inactivate eukaryotic protein synthesis. 

Developing new therapeutic agents as adjuvants either alone or in combination with 

chemotherapy to destroy the tumor cells is the major challenge to improve therapy in the 

near future. 

 

 

Gliomas Histology and Grading 
 

Histological grading is a mean of predicting the biological behavior of a neoplasm. In the 

clinical setting, tumor grade is a key factor influencing the choice of therapies, determining 

the use of adjuvant radiation and specific chemotherapy protocols. According to the World 

Health Organization (WHO) classification of primary brain tumors, gliomas are distinguished 

by their morphological criteria that include morphological similarities of the tumor cells with 

non-neoplastic glial cells. Thusly, they are classified as astrocytic, oligodendroglial, mixed 

oligo–astrocytic, or ependymal tumors (Louis, Ohgaki et al. 2007). 

Grade I is reserved for pilocytic astrocytomas, lesions with low proliferative potential and 

the possibility of cure following surgical resection alone due to their focality. Diffuse 

astrocytomas or low-grade astrocytomas (grade II) are poorly defined tumors that infiltrate 

the parenchyma and obliterate normal gray matter–white matter boundaries. They are 

generally infiltrative in nature and, despite low-level proliferative activity, often recur. 

Microscopically there are increased numbers of irregularly distributed astrocytes with mildly 

atypical nuclei. Diffuse astrocytomas often are classified into one of three subtypes: fibrillary, 
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the most common subtype, protoplasmic, or gemistocytic. Fibrillary astrocytomas are 

composed of tightly interlacing bundles of small, spindle-shaped cells amid a predominantly 

fibrillar matrix. Gemistocytic astrocytomas contain plump cells with distinct, round pink 

cytoplasm arranged on a more delicately interlacing fibrillar matrix, whereas protoplasmic 

astrocytomas are composed of small, round, regular cells with indistinct cytoplasmic 

boundaries arranged on a loosely fibrillar stroma. 

Some grade II tumors progress to higher grades of malignancy, for example, low-grade 

diffuse astrocytomas can transform into anaplastic astrocytoma (grade III) and subsequently 

into glioblastoma (grade IV). Similar transformation occurs in oligodendroglioma and 

oligoastrocytomas (grade II gliomas) (Louis, Ohgaki et al. 2007). 

Microscopically, anaplastic astrocytomas (grade III) are distinguished from grade II 

tumors by their greater cellularity, increased nuclear pleomorphism, and mitotic activity. In 

both these and grade IV glioblastomas, tumor cells can be seen infiltrating into surrounding 

normal brain tissue, often at a great distance from the primary tumor mass. The designation 

WHO grade IV is assigned to cytologically malignant, mitotically active, necrosis-prone 

neoplasms typically associated with rapid pre- and postoperative disease evolution and a rapid 

fatal outcome. 

Examples of grade IV gliomas include glioblastoma, and the very rare embryonal and 

sarcomatous neoplasms. Widespread infiltration of surrounding tissue and a propensity for 

craniospinal dissemination characterize some grade IV gliomas (DeAngelis 2001; 

Riemenschneider and Reifenberger 2009). 

Glioblastoma (GBM) is the most common malignant primary brain tumor in adults. 

Approximately 80% of all GBMs develop without any prior history of a glioma and are 

termed primary GBMs. 

The clinical history usually is short, on the order of months, and the patients tend to be 

older, with a median age of 55 when diagnosed. These tumors tend to be large with lots of 

edema, central necrosis, and ring enhancement. In 20% of the cases, the patient has an 

antecedent history of a lower-grade glioma (grade II or III), generally 5 to 10 years 

previously. These secondary GBMs tend to arise in younger patients, with a median age of 40 

years (DeAngelis 2001). 

 

 

Glioma Genomics 
 

In gliomas, several identified molecular markers are unique to specific histological types 

or to different grades of malignancy. For example, several specific genes, including TP53, 

PTEN, CDKN2A, and EGFR, are consistently altered in gliomas (Nigro, Baker et al. 1989; 

Ueki, Ono et al. 1996; Li, Yen et al. 1997). These alterations tend to occur in a defined order 

during the progression to a high-grade tumor. The TP53 mutation appears to be a relatively 

early event during the development of an astrocytoma, whereas the loss or mutation of PTEN 

and amplification of EGFR are characteristic of higher-grade tumors (Wong, Ruppert et al. 

1992; Weber, Sabel et al. 1996; Ohgaki and Kleihues 2007). In oligodendrogliomas, allelic 

losses of 1p and 19q occur in many WHO grade II tumors, whereas losses of 9p21 are largely 

confined to WHO grade III tumors (Bigner, Matthews et al. 1999). Some of these markers 
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have diagnostic value, whereas others are useful prognostic factors for patient survival or 

response to treatment. 

 

 

Loss of Heterozygosity in 1p and 19q 
 

Although the biological effects of 1p/19q co-deletion remain unclear, this genetic 

alteration has become an important molecular marker in malignant gliomas. This alteration 

has recently been found to result from the combined deletion of entire 1p and 19q after 

unbalanced translocation between chromosomes 1 and 19 [t(1:19)(q10;p10)] (Griffin, Burger 

et al. 2006; Jenkins, Blair et al. 2006). Loss of heterozygosity (LOH) in 19q13.3 is one of the 

most common genetic alterations in anaplastic astrocytoma and secondary glioblastoma, but 

is rare in primary GBM (Nakamura, Yang et al. 2000). Grade II oligodendrogliomas exhibit 

LOH in 1p and 19q in up to 88% of cases while grade III oligodendrogliomas have the 

alteration in up to 50 to 70% of cases. LOH of 1p and 19q is common in both grade II and III 

oligodendrogliomas, and some of these changes probably occur early during tumorigenesis 

(Rasheed, Wiltshire et al. 1999). In an allelotyping study of oligodendroglial tumors, a high 

frequency of LOH was found on chromosomes 1, 4, 6, 11, and 19. Also, anaplastic 

oligodendrogliomas exhibited chromosome 17 LOH. (Zhu, Santarius et al. 1998) 

In astrocytic tumors partial 1p and/or 19q deletion is more common. These tumors exhibit 

1p/19q loss but only at a 40% frequency, and chromosome 19 abnormalities range from loss 

of the whole chromosome to a narrow interstitial deletion of 19q13 region. A mutually 

exclusive pattern of 1p/19q LOH and p53 gene mutations was observed in oligoastrocytomas, 

suggesting that those with p53 mutations are of astrocytic origin and that tumors with 1p/19q 

LOH are related to oligodendrogliomas (Maintz, Fiedler et al. 1997; Mizoguchi, Yoshimoto 

et al. 2012). 

Advances in these molecular genetic alterations have contributed considerably to a better 

understanding, diagnostic classification, and prognostic evaluation. In oligodendrogliomas, 

the 1p and 19q deletions predict a higher likelihood of response to treatment and define 

patient subgroups with favorable prognosis. Furthermore, the combined LOH at 1p and 19q 

has a strong predictive value for chemosensitivity in oligodendrogliomas while the 

combination of LOH1p and LOH19q define GBM patients with a significantly better 

survival. Notably, these patients do not exhibit morphological features reminiscent of 

oligodendroglioma (Ferrer-Luna, Mata et al. 2009). 

 

 

IDH1 
 

Isocitrate Dehydrogenase 1 (IDH1) gene mutations are found frequently in malignant 

gliomas and are likely to be involved in the early stage of gliomagenesis, even before TP53 

mutations or loss of 1p and 19q (Watanabe, Nobusawa et al. 2009). IDH1 mutations occur in 

the highly conserved residue R132, which is in the catalytic domain, where it binds to its 

substrate. Mutations in IDH2 consistently occur at the analogous amino acid R172, which is 

functionally equivalent to amino acid 132 of IDH1. These mutations have been found in 

approximately 80% of grades II-III gliomas and secondary GBMs but have been found in less 



Classification, Histology, Genomic Alterations and New Therapeutic Concepts 5 

than 10% of primary GBMs (Balss, Meyer et al. 2008; Yan, Parsons et al. 2009). The IDH2 

mutations have also been described in gliomas, although at a lower frequency (Hartmann, 

Meyer et al. 2009; Yan, Parsons et al. 2009). The IDH1 and IDH2 enzymes catalyse oxidative 

decarboxylation of isocitrate into α-ketoglutarate (aKG), thereby reducing NADP to NADPH 

(Bolduc, Dyer et al. 1995; Kim, Lee et al. 2007). A heterozygous point mutation in codon 132 

impairs the interaction of the enzyme with isocitrate both sterically and electrostatically, and 

the mutant IDH1 molecules dominantly inhibit the activity of wild-type IDH1 by forming a 

catalytically inactive heterodimer (Zhao, Lin et al. 2009). The mutations cause reduced 

formation of aKG and decreased cytoplasmic levels of aKG increase levels of hypoxia-

inducible factor subunit HIF-1alpha (Weller, Felsberg et al. 2009; Zhao, Lin et al. 2009), a 

component of the hypoxia-responsive transcription factor complex that facilitates tumor 

angiogenesis and growth. Heterozygous IDH mutations confer neomorphic enzyme activity 

rather than inactivating the enzyme; the mutant enzyme converts aKG to 2-hydroxyglutarate 

(2-HG). 2HG inhibits 2-oxoglutarate (2OG)-dependent oxygenases that could be associated 

with tumor progression and lead to an elevated risk of malignant gliomas (Dang, White et al. 

2009; Xu, Yang et al. 2011). 

Frequent IDH mutations have been shown to be a prognostic marker. Gliomas with IDH 

mutations are clinically and genetically distinct from gliomas with wild-type IDH genes. 

Notably, two subtypes of gliomas of WHO grade II or III (astrocytomas and 

oligodendrogliomas) often carry IDH mutations but no other genetic alterations that are 

detectable relatively early during the progression of gliomas (Yan, Parsons et al. 2009). A 

large-scale study revealed IDH1 mutations in 50% to 80% of patients with grade II 

astrocytoma, oligodendroglioma, or secondary GBM; however, IDH1 mutations were rare in 

patients with primary GBM (Balss, Meyer et al. 2008; Ichimura, Pearson et al. 2009) Also, 

the associated with longer overall survival with these mutations are almost exclusively 

restricted to secondary GBM. 

 

 

EGFR 
 

The EGFR/PTEN/Akt/mTOR pathway is a key signaling pathway in the development of 

primary GBM (Kita, Yonekawa et al. 2007). Amplification of the EGFR gene is more 

frequently in primary GBM (Ekstrand, Sugawa et al. 1992) but it is rarely in secondary GBM 

(Watanabe, Tachibana et al. 1996). All primary GBM with EGFR amplification show EGFR 

overexpression and 70 to 90% of those with EGFR overexpression have EGFR amplification 

(Tohma, Gratas et al. 1998; Biernat, Huang et al. 2004). Approximately half of GBM with 

EGFR amplification express a mutant form of the receptor (Ekstrand, Longo et al. 1994). The 

most common mutant is known as EGFRvIII, which is missing exons 2 to 7, resulting in an 

in-frame deletion of 801 base pairs of the coding sequence of the extracellular domain 

(Ekstrand, Longo et al. 1994; Nishikawa, Ji et al. 1994). It is associated with constitutive 

activation of the receptor and failure to attenuate signaling by receptor down-regulation, 

causes mitogenic effects, and has more powerful transforming activity (Huang, Nagane et al. 

1997). The constitutively active EGFRvIII can enhance cell proliferation in part by down-

regulation of p27 through activation of the phosphatidylinositol 3-kinase (PI3K)/Akt pathway 
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(Narita, Nagane et al. 2002). This variant occurs only in GBM with concurrent wild-type 

EGFR amplification. 

The EGFR- and EGFRvIII-mediated pathways are critical for cancer biology and 

potentially associated with increased proliferation, invasion/metastasis, radio-resistance, and 

poor survival in patients with GBM (Lo 2010). Stimulation of EGFR also causes an increase 

of neoplastic angiogenesis and promotes mechanisms of cell migration and invasion of 

tumors into surrounding nervous tissue. Additionally, frequent mutations of the gene 

(including EGFRvIII), especially in combination with amplification, lead to hyperactivity of 

the receptor independently of ligands, and are important factors in malignant biology of 

gliomas (Bianco, Troiani et al. 2005). EGFRvIII has also been shown to confer resistance to 

both radiotherapy and chemotherapy (Wikstrand, Hale et al. 1995). 

 

 

PDGF 
 

Platelet-derived growth factor (PDGF), a major mitogen for connective tissue cells and 

glia, plays a number of critical roles in normal embryonic development, cellular 

differentiation, and response to tissue damage, as well as in pathologic processes, such as 

wound healing, inflammation, and neoplasms (Heldin and Westermark 1990; Reigstad, 

Varhaug et al. 2005; Goritz, Dias et al. 2011). The PDGF family consists of five members, 

PDGF-AA,-AB, -BB, -CC, and -DD, which bind to two different tyrosine kinase receptors, 

PDGF receptor a (PDGFRa) and PDGF receptor b (PDGFRb) (Smith 1976; Heldin and 

Westermark 1990). There are four PDGF ligands (PDGF-A, PDGF-B, PDGF-C, and PDGF-

D) that dimerize and bind to PDGF receptors (PDGFRα and PDGFRβ) (Fredriksson, Li et al. 

2004). PDGF-A, PDGF-B, and PDGF-C bind to PDGFRα, while PDGF-B and PDGF-D bind 

to PDGFRβ. Ligand binding induces autophosphorylation of the PDGFR and propagation of 

intracellular signals, resulting in changes in cellular behaviors, including proliferation, 

survival, and migration. Expression of PDGFs and PDGFRs is found even in low-grade 

gliomas, high-grade gliomas also frequently display high-level expression of PDGF ligands 

and receptors. Most studies have found that the PDFG-α receptor is overexpressed in 60% to 

90% of low- and high grade astrocytomas. By contrast, overexpression of the ligand PDGFA 

or -B is not very common in low-grade gliomas but is seen in high-grade gliomas, suggesting 

that this growth factor participates in an autocrine loop in these tumors(Plate, Breier et al. 

1992; Hermanson, Funa et al. 1996). 

A study tested PDGFRA gain in 166 low-grade diffuse astrocytomas, as well as in 61 

oligoastrocytomas and 115 oligodendrogliomas, and correlated these data with other genetic 

data (IDH1 mutations, TP53 mutations, 1p/19q loss, MET gain) (Kim, Nobusawa et al. 2010; 

Motomura, Mittelbronn et al. 2012; Pierscianek, Kim et al. 2013). Furthermore, FISH 

analysis in 6 diffuse astrocytomas with PDGFRA/MET co-gain was carried out to assess 

whether PDGFRA and MET are co-amplified in single cells or these alterations are observed 

in different cell populations, since several recent studies in GBM showed amplification of 

different receptor tyrosine kinase genes (RTKs, PDGFRA, MET, EGFR) in different tumor 

cells within single tumors(Snuderl, Fazlollahi et al. 2011; Szerlip, Pedraza et al. 2012). 

In most of the low-grade diffuse gliomas, the levels of PDGFRA gain detected were 

relatively low (3–5 copies). However, low-level gain may have significant biologic effects. 
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For example, PDGFRA gain (~4 copies) was associated with PDGFRA overexpression in 

non–small cell lung cancer cells, and in a small fraction of squamous cell primary non–small 

cell lung cancers (McDermott, Ames et al. 2009). Similarly, FISH and quantitative PCR 

revealed PDGFRA gain (2–6 copies) in 3 of 11 diffuse intrinsic pontine gliomas, and all of 

those cases showed PDGFRA overexpression (Zarghooni, Bartels et al. 2010). Gain in 

PDGFRA (3–5 signals per nucleus) detected by chromogenic in situ hybridization was 

observed in 47% of medulloblastomas and primitive neuroectodermal tumors and was 

significantly associated with poorer patient outcome (Blom, Roselli et al. 2010). 

Some studies have related the overexpression of PDGFRA with unfavorable outcome 

(Varela, Ranuncolo et al. 2004). In contrast, Ribom et al. showed that PDGFRA 

overexpression in WHO grade II astrocytomas and oligoastrocytomas was associated with a 

favorable patient outcome (Ribom, Andrae et al. 2002). Another immunohistochemical study 

showed an association between PDGFRA expression and a longer survival in patients with 

WHO grade I-III astrocytomas (Martinho, Longatto-Filho et al. 2009). 

 

 

PTEN 
 

The tumor suppressor protein, PTEN (phosphatase and tensin homologue deleted on 

chromosome 10) is a member of the mixed function, serine/threonine/tyrosine phosphatase 

subfamily of protein phosphatases. Its physiological substrates, however, are primarily 3-

phosphorylated inositol phospholipids, which are products of phosphoinositide 3-kinases. 

PTEN thus antagonizes PI 3-kinase-dependent signaling pathways (Downes, Bennett et al. 

2001). The PTEN gene encodes a 403 amino acid protein that is a member of the protein 

tyrosine phosphatase (PTP) subfamily of protein phosphatases. The role of PTEN is to 

dephosphorylate PIP3 into PIP2, rendering it incapable of recruiting Akt to the surface of the 

membrane and thus activating the PI3k/Akt pathway. Loss of PTEN results in accumulation 

of PIP3. This constitutively activates the PI3k/Akt pathway, inducing tumorigenesis through 

cell cycle progression, invasion and loss of apoptosis (Downes, Bennett et al. 2001). 

PTEN mutations are associated with a wide range of tumors, most frequently endometrial 

tumors and GBM. PTEN-dependent deregulation of signaling is very frequent in GBM, with 

mutation occurring in between 5% and 40% of all GBM cases (Srividya, Thota et al. 2011). 

PTEN mutations occur in tumors from primary and secondary GBM, albeit at a higher 

frequency in primary GBM (up to 45%)(Kitange, Templeton et al. 2003), while the rate of 

LOH at 10q, where PTEN is located, is similar between the two at 80% (Behin, Hoang-Xuan 

et al. 2003) 

PTEN mutations have been found in anaplastic astrocytomas, although at a much lower 

frequency than in GBM. In the largest series studied to date, PTEN mutations were seen in 20 

gliomas and homozygous deletions in 7 of 142 GBM tumors, in 1 of 30 pilocytic 

astrocytomas, and in 2 of 22 oligodendrogliomas. No mutations were detected in 52 

astrocytomas, 37 oligoastrocytomas, 15 ependymomas, and 16 ganglio-gliomas (Duerr, 

Rollbrocker et al. 1998). Bostrom et al. found 9 PTEN gene mutations and 1 deletion among 

36 GBMs and none in 34 meningiomas (Bostrom, Cobbers et al. 1998). Other studies 

reported PTEN mutations in 7 of 25 GBM (Chiariello, Roz et al. 1998), in 5 of 21 high-grade 

and 1 of 8 low-grade gliomas (Maier, Zhang et al. 1998), in 0 of 15 gemistocytic 
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astrocytomas, and in 2 of 18 anaplastic gemistocytic astrocytomas (Watanabe, Peraud et al. 

1998). However, LOH for chromosome 10 loci in high-grade tumors was seen at a much 

higher frequency in these reports, suggesting the presence of another target tumor-suppressor 

gene on chromosome 10. 

Analyses of PTEN mutations in primary versus progressive tumors showed that PTEN 

mutations are more common in primary tumors. Ten of 28 primary GBM contained a 

mutation or deletion of the PTEN gene. By contrast, only 1 of 25 progressive GBM had a 

PTEN mutation. Moreover, the same PTEN mutation was seen in a tumor progressed from an 

anaplastic astrocytoma that already had the PTEN mutation (Smith, Tachibana et al. 2001; 

Ushio, Tada et al. 2003). An analysis found that the 10q loci near PTEN were lost in GBM 

tumors but were retained in most low-grade tumors; however, the more distal locus around 

10q25 was lost in all grades of gliomas (Bostrom, Cobbers et al. 1998). 

 

 

RB 
 

The pRB is a major protein involved in cell cycle progression from G1 to S phase. 

CDK4, CDK6 and the hypophosphorylated state pRB bind to the transcription factor E2F, 

thereby preventing cell cycle progression. Conversely, CDKN2A/CDKN2AINK4A, 

CDKN2B and CDKN2C, inhibit the different CDKs and are frequently inactivated in GBM. 

The CDKN2A acts as a cyclin-dependent kinase inhibitor, inhibiting the binding of the CDK4 

protein to cyclin D1 and thus preventing phosphorylation of the Rb protein and arresting the 

cell cycle in the G1 phase (He, Olson et al. 1995; Meyer-Puttlitz, Hayashi et al. 1997). Cyclin 

D1 overexpression, CDKN2A loss, and pRb inactivation play a key role in glioma 

tumorigenesis. Alterations in the levels of Rb or p16 expression were seen in 90% of the 

gliomas studied. The expression of Rb was completely absent or low in 47.5% of GBM and 

67.5% of anaplastic astrocytomas. The remainder of the tumors was immunopositive for Rb 

to varying degrees. Immunoreactivity against p16 was absent in 56% of GBM and 77.5% of 

anaplastic astrocytomas (Puduvalli, Kyritsis et al. 2000). 

RB regulated CDKN2A is located on 9p21, and this chromosomal region is 

homozygously deleted in at least 30% to 40% of GBM and in approximately 10% of 

anaplastic astrocytomas, but never in diffuse astrocytomas. Primary GBM often show 

homozygous deletions of the CDKN2A/p14ARF locus on 9p21 (in 30% to 40% of cases) or 

amplification of CDK4 and MDM2 on 12q13–15 (in 8% to 13% of cases). Either of these sets 

of genetic changes will cause disruption of both the p53 and Rb pathways. 
 

 

P53 
 

The TP53 pathway plays a crucial role in the development of secondary GBM. P53 gene 

(TP53) mutations are the first detectable genetic alteration in two-thirds of precursor low-

grade diffuse astrocytomas; this frequency is similar to that in anaplastic astrocytomas and 

secondary GBM. P53 mutations also occur in primary GBM, but at a lower frequency 

(Watanabe, Tachibana et al. 1996; Ohgaki, Dessen et al. 2004). In secondary GBM, 57% of 

mutations have been reported to be located in the two hotspot codons 248 and 273; however, 

in primary GBM, mutations were more equally distributed through all exons, with only 17% 
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transitions at CpG sites, considered to result from deamination of 5-meC, were significantly 

more frequent in secondary than in primary GBM. Thus, G:C→A:T mutations at CpG sites, 

particularly in the hotspot codons 248 and 273, seem to be an early event directly associated 

with malignant transformation in the pathway to secondary GBM. The less specific pattern of 

TP53 mutations in primary GBM may constitute, at least in part, secondary events due to 

increasing genomic instability during tumor development (Varela, Ranuncolo et al. 2004). 

The p53 pathway frequently is disrupted in all grades of astrocytomas. This can occur by 

mutation of p53 itself, by overexpression of E3 ubiquitin-protein ligase (MDM2), which 

degrades p53, or by mutation or deletion of p14ARF, which positively regulates p53 by 

inhibiting MDM2 expression. It is possible that mutation of p53 in low-grade astrocytomas 

leads to genomic instability that sets the stage for additional mutations that lead to the 

formation of higher-grade tumors. TP53 is located on the long arm of chromosome 17 (17p), 

which frequently is lost in both low-grade and high-grade astrocytomas, suggesting that p53 

is the target for this genetic change (Anderson and Allalunis-Turner 2000). Figure 1. 
 

 

Treatment 
 

Radiation Therapy 
 

Conventional treatment strategy to treat gliomas usually includes standard surgical 

removal of the tumor, followed by radiotherapy. 
 

 

Figure 1. Representation of some pathways altered in gliomas. 
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Recently, studies show that radiotherapy combined with temozolamide increase the 

survival rate until 26.5% compared with radiotheraphy alone, being the standard of care 

(Stupp, Tonn et al. 2010). Numerous retrospective reports have been published on the use of 

radiation therapy for low-grade gliomas (Leighton, Fisher et al. 2007). These studies are 

plagued with a myriad of problems, making them inconclusive. In order to contain sufficient 

patient numbers, most of these reports span decades, sometimes going back as far as the 

1940s. The results of these retrospective studies have largely been superseded by the results 

of three randomized trials, two from the European Organization for Research and Treatment 

of Cancer (EORTC) and one from the North Central Cancer Treatment Group (NCCG)(Shaw, 

Arusell et al. 2002). Patients underwent a range of surgical procedures, including biopsy and 

subtotal or gross total resection. Neither study showed any benefit to the higher dose in terms 

of overall survival or progression-free survival. If anything, the NCCG study showed a worse 

survival in patients receiving the higher dose of radiation (64.8 Gy). A statistically significant 

advantage, however, was observed in the patients who received radiation in terms of 

progression-free survival (55% versus 35% at 5 years; median time to progression, 5.3 versus 

3.4 years). The absence of any difference in survival has supported the position of experts 

who advocate delaying radiation. Conversely, those favoring upfront radiation in the 

treatment of low-grade gliomas have cited the improved progression-free survival in the 

irradiated group, and the fact that at 1 year, seizures were better controlled in the radiation 

treatment arm. These randomized trials confirmed the importance of certain prognostic 

factors in low-grade gliomas. In the NCCG trial, three prognostic factors—histologic subtype, 

patient age, and tumor size—were consistently associated with overall survival in multivariate 

analysis (Shaw, Arusell et al. 2002). Patients who had greater than 90% of their tumor 

removed did much better than those who underwent a biopsy. Multivariate analysis of data 

from the two EORTC trials confirmed that astrocytoma histology, age older than 40 years, 

and preoperative size greater than 6 cm all were unfavorable prognostic factors but also 

uncovered a few others, such as tumor crossing midline and the presence of neurologic 

deficits before surgery (Pignatti, van den Bent et al. 2002). 

On the basis of these randomized trials, it is evident that in adults with low-grade 

gliomas, no difference in survival is achieved whether radiation therapy is given 

postoperatively or delayed until recurrence. Therefore, a reasonable management strategy 

would be observation in a patient with a completely resected low-grade glioma. Many 

investigators, however, still advocate radiation after complete resection in older patients 

(older than 40 years) or after incomplete resection. 

 

 

Radiation Therapy for High-Grade Gliomas 
 

The current standard of care in RTOG studies is to define the initial volume as the 

preoperative lesion with edema as seen on T2- weighted MR images with a 2-cm margin. 

This volume is treated to 46 Gy, followed by a boost to the gadolinium-enhancing lesion seen 

on T1-weighted images with a 2.5-cm margin to 60 Gy. By pooling the results of three RTOG 

studies and using a nonparametric recursive partitioning technique, Curran and associates 

identified several significant prognostic factors for survival in patients with high-grade 

gliomas: histologic type, KPS score, age, neurologic function, and duration of 

symptoms(Curran, Scott et al. 1993). 
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Radioactive implants also have been used to increase dose locally to the tumor bed. An 

implantable balloon has been developed for the delivery of brachytherapy (Gliasite). After 

resection of the tumor, the balloon is placed in the cavity and filled with x-ray contrast 

medium. The catheter is attached to the balloon and then is brought out through the skull, and 

an infusion port at the end of the catheter is attached to the skull. A liquid form of 125I 

(Iotrex), specifically developed for use in the Gliasite, can then be used to fill the balloon 2 to 

3 weeks after insertion (Tatter, Shaw et al. 2003). This device provides brachytherapy directly 

to the resection cavity, with minimal exposure of unaffected brain to the radiation source. The 

dose for recurrent gliomas is 60 Gy at 1 cm and for metastatic lesions 60 Gy at 0.5 cm. Use of 

the Iotrex has yielded significant improvements in quality of life and tumor control(Rogers, 

Rock et al. 2006). This complex mechanism of delivering local radiation therapy has not 

made it to standard of care regimens, but may be an alternative at centers that can provide it. 

 

 

Chemotherapy for Gliomas 
 

The role of chemotherapy in the treatment of high-grade astrocytomas has been 

investigated for more than 30 years. In BTSG 75-01, Green showed that the addition of 

carmustine (BCNU) or procarbazine to surgery and radiation therapy significantly increased 

mean survival from 40 weeks to 50 weeks and increased the percentage of patients surviving 

18 months to 24%(Green, Byar et al. 1983). In these and most studies of chemotherapy as 

adjuvant therapy for high-grade astrocytoma, the benefit was greater in patients with 

anaplastic astrocytoma than in those with GBM. Another well-studied and frequently used 

chemotherapy regimen is combination therapy with procarbazine, CCNU, and vincristine 

(i.e., PCV). The PCV regimen clearly is more toxic as a result of myelosuppression and 

peripheral neuropathy and has been replaced by temozolomide, which has dramatically 

altered the treatment of high-grade gliomas. Temozolomide is an oral alkylating agent whose 

levels are not affected by AEDs or other hepatic enzyme inducing drugs. Toxicity with this 

drug is relatively mild, with good CNS penetration. Patients with a methylated MGMT 

promoter may have better survival than those without (Baur, Preusser et al. 2010). Even 

among patients with unmethylated MGMT, a trend toward increased survival is recognized 

for those receiving temozolomide. These data have made irradiation plus adjuvant 

temozolomide the standard of care for all patients with GBM regardless of MGMT status 

(Hegi, Diserens et al. 2005). 

Patients with high-grade astrocytomas in whom initial therapy with radiation and 

temozolomide fails to provide benefit are candidates for participation in phase I/II trials. Such 

trials include drugs as well as a radiolabeled antibody that is infused directly into the tumor. 

In patients for whom some interval has elapsed between initial temozolomide therapy and 

failure, retreatment with low-dose daily temozolomide may be tried. Any benefit from 

chemotherapy for recurrent disease must be measured against the roughly 4- to 5-month 

median survival after repeat surgical removal of recurrent high-grade astrocytic tumors. Some 

patients with recurrent high-grade astrocytomas are offered re-resection with use of either 

Gliasite (covered earlier under Radiation Therapy for High-Grade Gliomas) or Gliadel 

(intracavitary biodegradable BCNU wafers), it was approved by the FDA in 2002 to be used 

during the initial resection (Westphal, Ram et al. 2006). Several institutions have reported a 

high rate of perioperative craniotomy infection after wafer placement. Irinotecan, a 
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topoisomerase I inhibitor, has been the subject of several studies in patients with recurrent 

malignant astrocytoma. A respectable 10% to 15% objective imaging response rate has been 

achieved after thrice-weekly infusions. In two other studies seeking maximal tolerated dose, a 

marked effect of concomitant enzyme-inducing AEDs was found (Brem, Piantadosi et al. 

1995). 

Chemotherapy for low-grade astrocytomas usually is reserved for those patients whose 

unresectable tumors are progressively symptomatic. Radiation therapy traditionally has been 

used as a first-line treatment for progression. Potential toxicity of any proposed therapy for 

low-grade gliomas must be balanced against the long natural history. Particularly in younger 

patients and in those whose tumors have an oligodendroglial component, median survival 

periods may approach 10 years, with 5-year survival rates of 75% or higher from the time of 

diagnosis.(Grier and Batchelor 2006) Indeed, some investigators have argued that quality of 

life considerations, with particular attention to cognitive status, dictate a prolonged ―wait and 

see‖ policy in patients with suspected low-grade glioma.(Reijneveld, Sitskoorn et al. 

2001)Some variants of low-grade glial tumors carry a more ominous prognosis and for the 

rare situation of multicentric gliomatosis cerebri, chemotherapy may be a reasonable first-line 

approach (Celli, Nofrone et al. 1994). 

Potential considerations in the use of alkylating agents for patients with low-grade 

astrocytomas should include the risks of hematologic malignancies (5% at 5 years) and 

sterility. Examination of quality of life outcomes must factor into recommendations for 

chemotherapy and radiation therapy. The trend over the last 30 years has been for increasing 

survival times, with a majority of patients receiving only surgery as a first course of treatment 

(Claus and Black 2006). 

Over the past decade, increasing evidence has accumulated to confirm that anaplastic 

oligodendrogliomas and possibly anaplastic oligoastrocytomas are special types of malignant 

gliomas that are sensitive to chemotherapy. Although the molecular markers of 

chemosensitivity, allelic loss of 1p and 19q, have been shown to have prognostic significance 

in multiple studies, the reason for oligodendroglial chemosensitivity remains unknown. 

Zlatescu and colleagues have made the clinically interesting observation that allelic loss of 1p 

and 19q is related to tumor location and extent of tumor spread in the brain (Zlatescu, 

TehraniYazdi et al. 2001) Anaplastic oligodendrogliomas located in the frontal, parietal, and 

occipital lobes were significantly more likely to harbor 1p or 19q loss than are histologically 

identical tumors arising in the temporal lobe, insula, or diencephalon. Frontal tumors tend to 

have greater bilateral diffuse spread, and investigation of the biologic significance of these 

growth and invasion differences eventually may have implications for management strategies. 

In spite of a lack of randomized data with temozolomide in anaplastic oligodendrogliomas, 

many oncologists are currently using this drug concomitantly with radiation, extrapolating 

from the experience with GBM (Claus and Black 2006). Most patients with recurrent AOs 

who received PCV at initial presentation are currently being treated with temozolomide at 

relapse. Several small trials have shown the safety and efficacy of temozolomide following 

prior PCV therapy (Yung, Prados et al. 1999; Chinot 2001; van den Bent, Keime-Guibert et 

al. 2001). 

Temozolomide has been used in patients with low-grade oligodendrogliomas or 

oligoastrocytomas that have recurred. The EORTC conducted one study using temozolomide 

for patients who had received PCV chemotherapy and irradiation for their initial disease (van 

den Bent, Chinot et al. 2003) and another study for patients who had received surgery and 
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irradiation without chemotherapy initially. These studies showed 25% to 53% response rates, 

respectively, to temozolomide. Loss of 1p has been correlated with response to temozolomide 

for first-line chemotherapy in patients with recurrent oligodendrogliomas (Hoang-Xuan, 

Capelle et al. 2004; Kouwenhoven, Kros et al. 2006). 

The disappointing results with conventional cytotoxic chemotherapy have led to efforts to 

find more effective and better-tolerated therapies. The challenge of neuro-oncology is to 

develop new compounds or procedures of gene transfer that specifically target the molecular 

alterations of glioma tumor cells and restore normal gene expression, cell cycle regulation, 

and apoptosis (Basso, Ermani et al. 2002). Significant progress is likely to come from some 

combination of cytotoxic chemotherapy with biologic agents directed at genetic alterations 

specific to brain tumors, such as growth factor receptors. Receptors are tempting targets 

because they are extracellular and easily accessible to drugs or antibodies. A number of 

agents targeted to the EGF receptor and the vIII variant are being tested. These EGFR 

inhibitors have shown limited utility in the clinic with brain tumors. These inhibitors may be 

effective only in patients with tumors that have a susceptible target. Receptor tyrosine kinases 

(RTKs), such as PDGF and insulin-like growth factor (IGF) receptors, regulate cell 

proliferation and differentiation (Mellinghoff, Wang et al. 2005). Deregulated RTK signaling 

frequently is found in human astrocytic tumors. Other agents target farnesyl transferase, 

histone deacetylase, rapamycin (mTOR), protein kinase C, and the ubiquitin-proteosome 

pathway. 

Because gliomas produce specific angiogenic peptides such as VEGF to stimulate new 

blood vessel formation, angiogenesis inhibitors are a logical drug development target. 

Hypoxic areas within gliomas may stimulate angiogenesis and promote invasiveness of glial 

cells. Many of these changes in gene expression are mediated by hypoxia-inducible factor-1 

(HIF-1). Many anti-angiogenic agents directed against VEGF, VEGFR, and other targets are 

in clinical trials. Bevacizumab, a humanized monoclonal antibody against VEGF, showed a 

63% radiologic response rate in patients with recurrent high-grade gliomas (Vredenburgh, 

Desjardins et al. 2007). Although bevacizumab therapy improves progression-free survival as 

well as overall survival for recurrent GBM patients, essentially all patients ultimately relapse. 

Continuation of bevacizumab after progression on prior bevacizumab therapy has been 

associated with improved survival compared to discontinuation of bevacizumab for other 

oncology patient groups, although have not corroborated for GBM patients (Grothey, Sugrue 

et al. 2008). The discontinuation of bevacizumab among recurrent GBM patients has been 

associated with rapid tumor re-growth (Zuniga, Torcuator et al. 2010). Retrospective analyses 

have demonstrated that additional bevacizumab-based treatment strategies have negligible 

anti-tumor activity among recurrent GBM patients who have progressed on prior 

bevacizumab therapy (Iwamoto, Abrey et al. 2009). Similarly poor results have been 

observed among patients treated with bevacizumab plus irinotecan after progression on 

bevacizumab monotherapy (Kreisl, Kim et al. 2009). A Phase II study developed to evaluate 

adults with recurrent GBM who have progressed on prior bevacizumab therapy, were treated 

with bevacizumab combined to temozolamide or etoposide, demonstrates that combined 

treatment with bevacizumab, is well-tolerated but is not an effective strategy to overcome 

bevacizumab resistance in recurrent GBM patients (Reardon, Desjardins et al. 2011). 

The transfer of genetic material to tumor cells to make them more susceptible to 

chemotherapy, or to reverse the alterations that sustain the neoplastic phenotype, has been 

studied in several centers. Gene therapy strategies include transfecting antioncogenes or drug-
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activating enzymes to glioma cells. The most extensively studied system is the ―suicide gene 

therapy‖ with herpes simplex thymidine-kinase (HSV-tk) gene inserted into a replication 

defective murine retrovirus. Murine fibroblasts are engineered to produce these recombinant 

retroviruses, which are injected into gliomas, infecting the proliferating tumor cells and 

making them produce thymidine kinase. The tumor cells then are susceptible to the antiherpes 

drug ganciclovir, while nondividing brain cells are not infected. Clinical studies using this 

promising approach have been disappointing because of poor tumor cell transfection 

efficiency, although some long times to tumor progression have been reported (Ram, Culver 

et al. 1997; Palu, Cavaggioni et al. 1999; Shand, Weber et al. 1999; Liu, Wang et al. 2007). 

 

 

Nanomaterial’s in Glioblastoma Treatment 
 

Despite considerable advancements in therapy of malignant gliomas in the last years, 

treatment outcomes are mostly unsatisfactory. A promising way to bypass these impairments 

and to elicit the specific delivering of drugs to treat tumors within the CNS is the employment 

of biodegradable polymeric nanoparticles (NPs), which can be loaded with different 

chemotherapeutic drugs to induce selective toxicity and additionally, modulate cellular and 

humoral immune responses when looking for a specific immune response against tumoral 

cells (Banchereau and Palucka 2005). A wide variety of NPs have been designed, each one 

with particular properties (certain size, shape, and composition) in a scale of strategies such as 

conjugated to antigens, which are recognized by specific receptors (Klippstein and Pozo 

2010); antigens encapsulated within NPs, which offer the ability to protect the antigen from 

degradation; labeled NPs, which are also recognized by specific receptors and allow an 

effective tracking of their migration, and the use of NPs as vehicles for specific delivery of 

chemotherapeutic drugs (Adams and Weiner 2005; Schrama, Reisfeld et al. 2006). Some of 

the more representative nanoparticles used as carriers and in the treatment of gliomas are 

described below. 

 

 

Liposomes 
 

Liposomes are concentric bi-layered vesicles surrounded by a phospholipid membrane. 

The amphiphilic nature of liposomes, their facility of surface modification, and a good 

biocompatibility profile make them an appealing solution for increasing the circulating half-

life of proteins and peptides. They may contain hydrophilic compounds, which remain 

encapsulated in the aqueous interior, which may escape encapsulation through diffusion out 

of the phospholipid membrane. Liposomes can be designed to adhere to cellular membranes 

to deliver a drug payload or simply transfer drugs through endocytosis (Papahadjopoulos, 

Portis et al. 1978; Ryman, Jewkes et al. 1978; Lasic, Frederik et al. 1992; Bangham 1995). In 

vitro and in vivo experiments have indicated that the activity of a range of drugs or their 

active metabolites may be enhanced by their encapsulation in liposomes (Chen, Qin et al. 

2011; Gong, Wang et al. 2011; Qin, Chen et al. 2011). 

Paclitaxel is a chemotherapeutic that inhibits cell division through promotion of the 

assembly and stabilization of microtubules. Unfortunately, paclitaxel is highly hydrophobic 

and its absorption across the BBB is also poor. To overcome this limitation, paclitaxel has 



Classification, Histology, Genomic Alterations and New Therapeutic Concepts 15 

been conjugated to liposomes (Fellner, Bauer et al. 2002). Recently, Xin et al. determined the 

potential of Angiopep-conjugated PEG–PCL NPs loaded with paclitaxel as a dual-targeting 

drug delivery system in the treatment of glioma. Nanoparticles were conjugated to Angiopep 

(ANG-NP) for enhanced delivery across the BBB as well as for targeting the tumor via 

lipoprotein receptor-related protein mediated endocytosis. 

Curcumin is a polyphenolic compound derived from the Indian spice turmeric. It has 

been shown to exert antitumor effects in many different cancer cell lines and animal models 

either by pro-apoptotic, anti-angiogenic, anti-inflammatory, immunomodulatory, and anti-

mitogenic effects (Aggarwal, Kumar et al. 2003; Maheshwari, Singh et al. 2006; Hatcher, 

Planalp et al. 2008). Some potential molecular targets for curcumin include: insulin-like 

growth factor (IGF), serine threonine protein kinase (Akt), mitogen-activated protein kinase 

(MAPK), signal transducer, the activator of transcription 3 (STAT3), nuclear factor kappa  

(NFθ), and Notch (Kunnumakkara, Anand et al. 2008; Ravindran, Prasad et al. 2009). 

These pathways are all thought to be active in malignant brain tumors, raising the possibility 

that curcumin could be effective in treating these diseases (Atkinson, Nozell et al. 2010; 

Schmidt, Brunetto et al. 2010). 

Celecoxib, a cyclo-oxygenase (COX)-2 inhibitor, has been reported to mediate growth 

inhibitory effects and to induce apoptosis in various cancer cell lines (Tsujii, Kawano et al. 

1998). Celecoxib has been conjugated to Poly DL-lactide-co-glycolide (PLGA) and tested in 

glioma cells, finding that the celecoxib recovered in the NPs showed similar antitumor 

activity against U87MG cells and C6 cells in a dose-dependent manner. These results show 

that PLGA NPs incorporating celecoxib are promising candidates for antitumor drug delivery 

(Kim, Jeong et al. 2011). 

 

 

Nanotubes 
 

Self-assembling sheets of atoms arranged in tubes are defined as nanotubes. They may be 

organic or inorganic in composition and can be produced as single- or multi-walled structures 

(Li and Zhu 2012). Carbon Nanotubes (CNTs) are formed by rolling sheets of graphite-like 

carbon with hollow tubes. They are categorized based on the number of carbon layers 

assembled together: Single-Walled (SW), Double-Walled (DW), and Multi-Walled (MW). 

The diameters vary according to the number of layers: 0.4–2 nm for SWNTs, 1–3.5 nm for 

DWNTs, and from 2–100 nm for MWCNTs (Meziani and Sun 2003). The length of these 

tubes can be extended to tens of micrometers and is dependent on the method of production. 

 

 

Nanocrystals 
 

Nanocrystals are aggregates of molecules that can be combined into a crystalline form of 

the drug surrounded by a thin coating of surfactant. They have extensive uses in materials 

research, chemical engineering, and as quantum dots for biological imaging; there is no 

carrier material as in polymeric nanoparticles. (Chan and Nie 1998; Dubertret, Skourides et 

al. 2002; Gao, Cui et al. 2004). Nanocrystalline species may be prepared from a hydrophobic 

compound and coated with a thin amphiphilic layer. It has been demonstrated that the size 
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and shape of nanocrystals plays an important role in their biological activity (Xiang, Liang et 

al. 2011). 

Some nanocrystals have shown to inhibit the proliferation in different cancer cells lines 

(Vallhov, Gabrielsson et al. 2007). Silver NPs (Ag-NPs) have recently been the focus of 

intense research due to their capacity to induce the expression of genes associated with cell 

cycle progression, DNA damage and apoptosis in human cells at non-cytotoxic doses 

(Ahamed, Alsalhi et al. 2010). The toxicity of starch-coated Ag-NPs have been studied in 

normal human lung fibroblast cells (IMR-90) and human GBM cells (U251); uptake of Ag-

NPs is predominantly by endocytosis, and partly adhered to membranous surfaces. Once 

inside, Ag-NPs show a uniform intracellular distribution both cytoplasmic and nuclear. The 

accumulations of these particles cause DNA damage and reduce cellular ATP content, 

causing damage in mitochondria and increasing the production of reactive oxygen species 

(ROS) in a dose-dependent manner in glioma cells. 

Also, it has been proposed that Ag-NPs can induce DNA damage leading to cell cycle 

arreste in G2/M phase and enhanced the apoptotic rate of cancer cells (Carlson, Hussain et al. 

2008; AshaRani, Low Kah Mun et al. 2009; Kim, Choi et al. 2009; Asharani, Xinyi et al. 

2010). 

 

 

Dendrimers 
 

Dendrimers are polymer-based macromolecules formed from monomeric or oligomeric 

units, such that each layer of branching units doubles or triples the number of peripheral 

groups. These structures are considered as one of the most promising polymer architectures in 

biomedical applications in recent years (Dhanikula, Argaw et al. 2008; Ren, Kang et al. 

2010).(Dhanikula, Argaw et al. 2008; Ren, Kang et al. 2010). Such structures are highly 

branched, multigenerational NPs consisting of exterior end groups that can be functionalized 

(Wiener, Brechbiel et al. 1994; Cheng, Thorek et al. 2010; Tan, Wu et al. 2010). Examples 

include the encapsulation of therapeutic agents inside the dendrimers and attachment of 

drugs, targeting moieties and functional groups on the surface of them by covalent bounding 

or physical absorbing, which afforded the possibility to produce the desired multifunctional 

nanocarriers for drug delivery. 

Therapeutic benefit of dendrimers has been evaluated as drug carriers for the treatment of 

gliomas. These nanomaterials were conjugated to D-glucosamine as the ligand for enhancing 

their permeability across BBB and tumor targeting. The efficacy of methotrexate (MTX)-

loaded dendrimers was established against U87 MG and U343 MG cells. Permeability of 

rhodamine-labeled dendrimers and MTX-loaded dendrimers across an in vitro BBB model 

and their distribution into vascular human glioma tumor spheroids was also studied. 

Glucosylated dendrimers were found to be endocytosed in significantly higher amounts than 

nonglucosylated dendrimers by the cell lines above mentioned. These MTX-loaded 

dendrimers were also able to kill even MTX-resistant cells highlighting their ability to 

overcome MTX resistance. 

In addition, the amount of MTX-transported across BBB was three to five times more 

after loading in the dendrimers. Glucosylation further increased the cumulative permeation of 

dendrimers across BBB and hence increased the amount of MTX available across it. (Yan, 

Wang et al. 2011). 
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Altered Immune System in Gliomas 
 

The CNS has been considered an immunologically privileged site owing to its apparent 

inability to reject intracranial xenografts in older reports (Medawar 1948). The BBB has an 

important role as it acts as a physical barrier with the lymphatic system. The BBB is mainly 

composed of astrocytes, microglia, endothelial cells, pericytes; these components contributes 

to their architecture and stability (Stewart, Magliocco et al. 1987; Rossler, Neuchrist et al. 

1992). The capillaries of the BBB consist of a monolayer of endothelial cells coupled by tight 

junctions and the pericytes provide mechanical stability (Armulik, Abramsson et al. 2005). It 

is thought that astrocytes provide the specific signals that program endothelial cells to 

produce and maintain tight junctions (Janzer and Raff 1987). Normally the CNS has a very 

low level of T-cell infiltration; however, in pathological states the BBB is only a relative 

barrier to lymphocyte tracking (Goldmann, Kwidzinski et al. 2006). 

Since brain tumors reside in an anatomical compartment that lacks a normal lymphatic 

drainage system, they are separated from normal immunosurveillance (Akopian, Bol'shunov 

et al. 1978; Sawamura and de Tribolet 1990)]. In spite of the presence of immune cells in 

GBM, the overall tumor environment is highly immunosuppressive (Bhondeley, Mehra et al. 

1988; Black, Chen et al. 1992). Experimentally, brain tumor models that recapitulate GBM-

like pathology also show a high degree of immunosuppressive leukocyte infiltration as well 

as cytokine expression (Tran, Uhl et al. 2007; Mitchell, Cui et al. 2011). The presence of T 

cells in brain tumors was first describe in both human gliomas and rat brain tumors induced 

by N-methyl-N-nitrosourea (Stavrou, Anzil et al. 1977). Since then, the effects of brain 

tumor-derived factors, such as immunosuppressive cytokines, prostaglandins, interleukin 10 

(IL-10) and transforming growth factor-beta (TGF-β), which are part of the 

immunosuppressive tumor environment, have also been described Table 1, (Gomez and 

Kruse 2006). 

 

Table 1. Agents to promote immunosuppression in the tumor microenvironment 

 

Agents involved in immunosuppression 

 

Interleukin-10 (IL-10) 

Transforming growth factor beta (TGF-β) 

Cytotoxic T-lymphocyte antigen 4 (CTLA-4) 

B- and T- lymphocyte attenuator (BTLA-4) 

V-set domain containing T-cell activation inhibitor 1 (B7-H4) 

Programmed cell death 1 ligand 1 (PD-L1) 

Glucocorticoid-induced TNFR-related protein (GITR) 

Indoleamine 2,3 dioxygenase (IDO) 

Tryptophan 2,3 dioxygenase (TDO) 

Regulatory T cell (Treg) 

Myeloid derived suppressor cell (MDSC) 

Signal transducer and activator of transcription 3 (STAT 3) 

Signal transducer and activator of transcription 5 (STAT 5) 

 

Modified of (Wainwright, Nigam et al. 2012). 
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Aside from immunosuppressive cytokines, many diverse cells of the immune system that 

infiltrate brain tumors have been describe, such as T cells (CD4+, CD8+), dendritic cells 

(DC), macrophages, microglia, B cells, natural killer T (NKT) cells and NK cells (Morimura, 

Neuchrist et al. 1990; Kiefer, Supler et al. 1994; Curtin, Candolfi et al. 2008). Also, there are 

T regulatory cells (Tregs) and myeloid-derived suppressor cells (MDSC) which also 

suppresses T cell function (Prins, Scott et al. 2002; Watters, Schartner et al. 2005; Sonabend, 

Rolle et al. 2008; Thomas, Kranz et al. 2008). 

Glioma cells secrete multiple immunosuppressive factors with diverse effects. The most 

marked of which is suppressing lymphocyte proliferation. Also, they secrete several factors 

that are immunomodulatory, such as interleukin-6 (IL-6) and colony stimulating factor-1 

(CSF-1). These factors have immune functions such as shifting adaptive immunity to humoral 

(T H2) responses that may be less effective against solid tumors and/or attracting and 

stimulating monocytic cells.(Parney, Farr-Jones et al. 2000; Hao, Parney et al. 2002; Bender, 

Collier et al. 2010). Others, such as vascular endothelial growth factor (VEGF) acts primarily 

as a pro-angiogenic factor (Norden, Drappatz et al. 2009). 

Different molecules recruit different subsets of leukocyte subsets. Accordingly, the 

chemokine, CCL22, preferentially recruits immunosuppressive Tregs that promote 

tumorigenesis (Hussain, Kong et al. 2007; Kong, Wei et al. 2009). By contrast, CXCL10 (IP-

10) recruits pro-inflammatory IFN-g-expressing CD4+ T cells that promote tumor rejection 

(Parsa, Waldron et al. 2007). Brain tumor cells produce large amounts of TGF-β that aides in 

increasing immunosuppressive effector T-cell programs, leading to decreased pro-

inflammatory cytokine help and increased GITR by CD4+ effectors, as well as decreased 

IFN-γ and granzyme B levels by CD8+ T cell effectors (Wainwright, Nigam et al. 2012). 

CD4+ T cells have been isolated from human malignant gliomas (Sawamura, Abe et al. 

1988). The majority of CD4+ T cells expressing IL-2 receptor alpha (CD25) were not 

appreciated at the time of the discovery. However, those initial observations were actually 

describing highly immunosuppressive cellular mediators that we now refer to as regulatory T 

cells (Tregs; CD4+FoxP3+CD25+) (El Andaloussi, Han et al. 2006; Fecci, Mitchell et al. 

2006). Recently, it has been demonstrated that those brain tumor-resident Tregs contribute to 

the pathogenesis and progression of tumor, as the depletion of these cells increased the 

survival in experimental mouse brain tumor models (El Andaloussi, Han et al. 2006; Curtin, 

Candolfi et al. 2008). 

CD4+ and CD8+ T cells actively infiltrate brain tumors. CD4+ T cells are enriched for 

immunosuppressive regulatory T cells (Treg; CD4+FoxP3+), which express high levels of 

CTLA-4 and GITR. The Tregs that accumulate in brain tumors are primarily thymus derived, 

or natural Tregs (nTregs). Within the brain tumor microenvironment, nTregs directly and 

indirectly suppress CD4+ and CD8+ T cells. This occurs through three main mechanisms. 

First, nTregs directly interact with dendritic cells (DCs) and induce an immunosuppressive 

phenotype that acts to suppress full CD4+ and CD8+ T-cell activation, thus promoting tumor 

cell survival. In addition, nTregs produce IL-10 and TGF-b that directly act on effector T 

cells to downregulate cytotoxic programs that would otherwise promote brain tumor 

clearance. Finally, nTregs interact via cell surface expression with effector T cells to induce 

T-cell anergy (Wainwright, Nigam et al. 2012). These immunosuppressive processes promote 

the persistence and progression of brain tumors (Figure 2). 

Moreover, myeloid-derived suppressor cells have profound immunosuppressive 

implications (Raychaudhuri, Rayman et al. 2011; Kohanbash and Okada 2012). 
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Figure 2. Main interactions between T-cell subtypes and the immunosuppressive signals. 

MDSCs were first discovered when it was found that bone marrow hematopoietic 

progenitor cells in tumor-bearing hosts can suppress T cell blastogenesis (Young, Newby et 

al. 1987). Due to their immunosuppressive properties, MDSCs were initially believed to 

consist of granulocytes and monocytes/macrophages (Bronte, Serafini et al. 2001). However, 

it was shown recently that immunosuppressive MDSCs are inflammatory monocytes and not 

granulocytes (Gallina, Dolcetti et al. 2006). The MDSC are phenotypically double positive 

for granulocyte and monocyte markers, His48/CD11bc (rat) or Gr1/CD11b (mouse). MDSCs 

within tumors also have a potent, immunosuppressive phenotype and produce reactive 

nitrogen compounds (e.g., peroxynitrites) that have recently been shown to nitrosylate the 

CD8 and TCR molecules on T cells, thereby inhibiting T cell reactivity. Also, IL-13 produced 

by NKT cells induces MDSCs to express TGF-β (Umemura, Saio et al. 2008). 

 

 

Summary 
 

Despite no significant improvement in the survival of glioma patients over the past few 

decades, the continued study of their biology, histopathology, alterations in genetics, 

classification and tumor microenvironment has allowed us a better understanding of these 

deadly brain tumors. This knowledge will eventually allow us to develop better therapeutic 
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strategies based in their unique, often individualistic, molecular characteristics. Personalized 

medicine will likely become the best way to fight this tumor. 
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