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Abstract Glioblastoma is a malignant tumor of astrocytic origin that is highly
invasive, proliferative and angiogenic. Despite current advances in multimodal
therapies, such as surgery, radio- and chemotherapy, the outcome for patients with
glioblastoma is nearly always fatal. The glioblastoma microenvironment has a
tremendous influence over the tumor growth and spread. Microglia and macro-
phages are abundant cells in the tumor mass. Increasing evidence indicates that
glioblastoma recruits these cell populations and signals in a way that microglia and
macrophages are subverted to promote tumor progression. In this chapter, we
discuss some aspects of the interaction between microglia and glioblastoma, con-
sequences of this interaction for tumor progression and the possibility of microglial
cells being used as therapeutic vectors, which opens up new alternatives for the
development of GBM therapies targeting microglia.
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Abbreviations and Acronyms

CNS Central nervous system
IL Interleukin
TNF Tumor necrosis factor
GBM Glioblastoma
MMP Matrix metalloproteinase
VEGF Vascular endothelial growth factor
DLL4 Delta-like ligand 4
NO Nitric oxide
MCP-1 (CCL2) Macrophage chemoattractant protein 1
CCR2 CCL2 receptor
TNFR1 TNF receptor 1
IkBa Nuclear factor of kappa light polypeptide gene enhancer in

B-cells inhibitor, alpha
NF-kB Nuclear factor of kappa light polypeptide gene enhancer in

B-cells
uPA Urokinase-type plasminogen activator
STI1 Stress-inducible protein 1
Hsp Heat shock protein
MG CM Microglial conditioned medium
MYD88/TLR8 Myeloid Differentiation Primary Response 88/Toll-like

receptor 8
TLR Toll-like receptor
MT1-MMP Membrane-type-1 MMP
GDNF Glial cell-line-derived neurotrophic factor
GFRa GDNF receptor
EGFR Epidermal growth factor receptor
EGF Epidermal growth factor
poly [I:C] Polyinosinic-polycytidylic acid
TRAIL TNF-related apoptosis inducing ligand
mTOR Mammalian target of rapamycin
iNOS Inducible nitric oxide synthase
MIF Macrophage migration inhibitory factor
STAT Signal transducer and activator of transcription
RAGE Receptor for Advanced Glycation End products
S100B S100 calcium binding protein B
CpG-ODN Oligodeoxynucleotides containing CpG motifs
TROY/TNFRSF19 Tumor necrosis factor receptor of mouse embryo
GSC Glioma stem cell
MRI Magnetic resonance imaging
GCV Gancyclovir
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Tumor Microenvironment and the Microglia

The central nervous system (CNS) is composed of several cell types, including
neurons, astrocytes, oligodendrocytes, ependymal cells and microglia. Each cell
type has distinct and essential roles for the optimal functioning of the CNS. As
discussed in Chapters “Glial Cells and Integrity of the Nervous System,”
“Microglia Function in the Normal Brain” and “Purine Signaling and Microglial
Wrapping,” microglia are the resident immune cells in the CNS, but they are
increasingly recognized to play diverse roles. Their embryonic origin is mesoder-
mal, unlike other CNS cells, which have ectodermal origin. It appears that microglia
progenitors come from the yolk sac early in development (Ginhoux et al. 2010).
Phagocytosis of microorganisms, antigen presentation to lymphocytes, phagocy-
tosis of cell debris, transient or aberrant axons and apoptotic cells during devel-
opment, and secretion of neurotrophic factors are some of microglia functions in
CNS (Vilhardt 2005; Mallat et al. 2005; Lima et al. 2010). Following lesions,
microglia become active and assume an amoeboid phenotype and a high metabolic
rate, synthesizing and secreting several cytokines, such as interleukin (IL)6, IL1b
and tumor necrosis factor a (TNFa) (Vilhardt 2005; Yang et al. 2010).

Among all CNS pathologies, one of the deadliest is glioblastoma (GBM). This
malignant tumor of astrocytic origin is highly invasive, proliferative and angio-
genic. Its invasive nature explains the high recurrence even after surgical resection
(Lima et al. 2012). Survival is commonly about 14 months despite all efforts (Stupp
et al. 2005). The GBM microenvironment has a tremendous influence over the
tumor growth and spread. In a still not completely defined way, GBM subverts cells
to act in its favor. Astrocytes were shown to have an increase in MMP-2 (matrix
metalloproteinase-2) expression and to convert pro-MMP-2 to active form only in
the presence of glioma cells (Le et al. 2003; Gagliano et al. 2009), suggesting a
pro-tumor role of astrocytes. Besides, GBM cells produce VEGF (vascular
endothelial growth factor) and DLL4 (delta-like ligand 4), which stimulate the
angiogenesis that sustains tumor survival and growth (Bao et al. 2006; Li et al.
2007).

Microglia and macrophages are abundant cells in the tumor mass. GBM recruits
these cell populations (Fig. 1) and signals in a way that microglia and macrophages
are subverted to promote tumor progression. Moreover, GBM establishes an
immunosuppressed niche, favoring even more its survival, growth, and spread (da
Fonseca and Badie 2013). A current and important topic regarding these
glioma-associated microglia and macrophages is the existence of two phenotypi-
cally distinct cell populations classified as M1 and M2. M1 macrophages are
classically activated, developing an anti-tumor response through the activation of
the immune system and production of reactive oxygen species, nitric oxide
(NO) and proinflammatory cytokines, such as TNF. M2 macrophages are alterna-
tively activated, performing immunosuppressive roles, such as release of IL10 and
tumor promotion, as well as inducing metastatic processes by promoting angio-
genesis and extracellular matrix degradation (Sica et al. 2008; Yang et al. 2010;
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Albesiano et al. 2010; Herrera et al. 2013). Indeed, the escape of tumor cells from
the immune system has been related to a change of M1 to M2 phenotype during
tumor progression (Schmieder et al. 2012). Similar to macrophages, glioma-
associated microglia also present the M2 phenotype (Komohara et al. 2008;
Fonseca et al. 2012; Gabrusiewicz et al. 2011).

Microglia-Glioblastoma Interaction

Malignant gliomas, particularly GBMs, the most aggressive astrocytoma, contain
high levels of microglia infiltrates; about 30 % of tumor mass is composed of
glioma-associated microglia and macrophages which has led to the hypothesis that

Fig. 1 Xenotransplanted tumor produced from human GBM cells injected into the caudate
putamen of mouse brain. In this study, we used the human tumor cell line GBM95, established in
our lab (Faria et al. 2006). After 15 days, the brains were perfused with fixative 4 %
paraformaldehyde, cut into slices and immunostained with rabbit anti-mouse Iba1 (green) antibody
(Confocal Microscope/Leica TCS-SP5), a marker of microglia/macrophages cells. Nuclei were
stained with DAPI (blue). a Tumor mass. b Contralateral hemisphere, without tumor cells. Note
the presence of activated microglia/macrophages in the tumor mass (a) and ramified resident
microglia cells in the contralateral hemisphere (b). Bar 40 lm. This study was approved by the
Ethics Committee of the Health Sciences Center at the Federal University of Rio de Janeiro
(Protocol no. DAHEICB 015) and by the Brazilian Ministry of Health Ethics Committee (CONEP
no. 2340). The “Principles of laboratory animal care” (NIH publication no. 85‐23, revised 1996)
guidelines as well as The Code of Ethics of EU Directive 2010/63/EU were strictly followed for all
experiments
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microglia may have a role in GBM immunology (Badie and Schartner 2000; da
Fonseca and Badie 2013; Yang et al. 2010). Indeed, evidence strongly suggests that
microglia contribute to the immunosuppressive environment of GBMs and may
promote tumor growth (Schartner et al. 2005; Yi et al. 2011). In this context, the
accumulation of microglia in GBM tissue is due to local production of growth
factors and chemoattractants, such as CCL2, by GBM cells (Prat et al. 2000).
CCL2, also recognized as MCP-1 (macrophage chemoattractant protein 1), is one of
the most highly expressed chemokines in many CNS injuries and exerts its bio-
logical function by binding to its high affinity receptor CCR2, which is expressed
by microglia, astrocytes and brain microvascular endothelial cells (Yao and Tsirka
2014). The interaction between CCL2 and CCR2 triggers IL6 release by microglia,
which is associated with GBM aggressiveness (Li et al. 2010; Rolhion et al. 2001).
IL6 is implicated in many aspects of tumorigenesis, and it is identified as a growth
factor for glioma stem cells (Wang et al. 2009). In addition, IL6 has been found to
increase microglia production of MMP-2, facilitating tumor migration (Li et al.
2010). Markovic et al. (2005), using cultured brain slices where microglia were
previously depleted with clodronate-filled liposomes, showed that injected glioma
cells had decreased infiltrative capacity compared with glioma cells injected into
control slices, possibly because of the decrease in MMP-2 levels, produced by
microglia. Moreover, Platten et al. (2003), using a rat model of intracerebral glioma
cell line implant, demonstrated that the glioma cell line that recruited more
microglia resulted in a larger tumor mass, and they attributed this effect to
CCL2/CCR2 pathways. Another important factor during GBM progression is
TNFa, a proinflammatory cytokine widely secreted by microglia (Rivest 2009),
which stimulates the secretion of several molecules including CCL2, IL6, IL1b, and
NO (Allan and Rothwell 2001; D’Mello et al. 2009; Nadeau and Rivest 2000).
On TNF receptor 1 (TNFR1) activation, IjBa, a protein that blocks NFjB signaling
in resting cells, gets phosphorylated and degraded, leading to p65/p50 nuclear
translocation and transcriptional activation of NFjB target genes, including TNFa
itself (Baker et al. 2008; Tchoghandjian et al. 2013). The constitutively activated
NFjB has been associated with invasive behavior and malignancy of GBM
(Raychaudhuri et al. 2007; Tsunoda et al. 2005). NFjB activation triggers tran-
scriptional activation of pro-migratory genes, like CXC chemokines, urokinase-type
plasminogen activator (uPA) and matrix metalloproteinases, contributing to inva-
siveness of GBM (Tchoghandjian et al. 2013; Wu and Zhou 2010).

In addition to the factors released in the tumor microenvironment, proteins
constitutively expressed by microglia may be implicated in GBM maintenance.
Stress-inducible protein 1 (STI1) is a 66 kDa protein described as a co-chaperone
that binds to both Hsp70 and Hsp90 and regulates their activities (Chen and Smith
1998; Song and Masison 2005). Our group has shown that STI1 released by
microglia promotes tumor proliferation, modulates MMP-9 activity and stimulates
the migration of human GBM cell lines in vitro (Fonseca et al. 2012). We
demonstrated that microglial conditioned medium (MG CM) stimulated prolifera-
tion and migration of the GBM cell lines, and this effect was reversed when the
anti-STI1 antibody was added to the MG CM or STI1 was removed by
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immunodepletion from the MG CM. Furthermore, the addition of STI1 antibody to
MG CM significantly decreased MMP-9 activity (Fonseca et al. 2012). These data
suggest that STI1 is an important factor for glioma progression. Using a glioma
model of intracranial and subcutaneous implant of GL261, a murine glioma cell
line, Fonseca et al. (2012) have also shown that STI1 expression increased with
tumor progression, and was also upregulated in glioma-associated microglia and
macrophages and infiltrating lymphocytes. On the other hand, STI1 expression did
not significantly change in circulating leukocytes, and even decreased in leukocytes
that infiltrated tumors propagated in the subcutaneous tissue. Therefore, these
results demonstrated that STI1 expression is modulated by the brain tumor
microenvironment, and for the first time correlated STI1 expression and glioma
progression (Carvalho da Fonseca et al. 2014). Altogether, we conclude that
microglia-GBM interaction determine the degree of GBM invasion, opening the
way for the development of new therapeutic approaches.

Microglial cells are substantial producers of MMPs and inducers of GBM
invasiveness (Alves et al. 2011; Hu et al. 2014). Hu et al. (2014) showed that
MMP-9 levels were expressed by Iba1+ cells in human tumor samples, indicating
that glioma-associated microglia were responsible for MMP-9 local production.
Also, they demonstrated that GBM cells released soluble factors that induced the
MMP-9 expression in glioma-associated microglia via Myeloid Differentiation
Primary Response 88/Toll-like receptor 8 (MYD88/TLR8) signaling pathway.
Interestingly, in this study, when microglial cells were treated with their inhibitor
minocycline, levels of MMP-9 and TLR2 (Toll-like receptor 2) in
glioma-associated microglia decreased, and consequently tumor invasion declined
(Hu et al. 2014). A previous study had shown that GBM cells induced the
expression of membrane-type-1 MMP (MT1-MMP) in glioma-associated micro-
glia, promoting tumor invasion via the TLR2 signaling pathway. In this work,
GL261 murine glioma cells were injected into TLR2 knockout mice, resulting in
smaller tumors and reduced MT1-MMP levels in glioma-associated microglia
(Vinnakota et al. 2013). Thus, it seems important to explore the role of MMPs and
TLRs in microglial cells, since they can stimulate tumor progression.

Another factor that contributes to microglial recruitment during tumor progres-
sion is the glial cell-line-derived neurotrophic factor (GDNF). GDNF is a neu-
rotrophic factor involved in dopaminergic neuronal survival, but it can also
contribute to tumor progression. High levels of GDNF have been observed in GBM
cells (Ng et al. 2009; Wiesenhofer et al. 2000); however, little is known about the
correlation of GDNF and the attraction of microglia during tumor progression. Ku
et al. (2013) have recently demonstrated that GDNF is expressed in GBM cells and
plays an important role in microglia recruitment during tumor progression They
showed that microglia expressed both GDNF receptors, GFRa-1 and GFRa-2, and
then they used transwell assays to understand how GDNF could modulate the
migration of microglia. For this, they used GBM cell conditioned medium depleted
of GDNF, by using a specific shRNA, and observed that there was reduced
microglia migration. In addition, they injected GBM cells not expressing GDNF
into mouse brain and, after 2 weeks, observed lower levels of Iba1+ microglia
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infiltration and a reduced tumor size. So, GDNF is indeed an important factor
expressed by GBM cells for microglia attraction (Ku et al. 2013).

Epidermal growth factor receptor (EGFR) also plays a significant role during
GBM invasion and aggressiveness (Ohgaki and Kleihues 2007; Sangar et al. 2014).
It is possible that microglia cells stimulate GBM invasion through the EGFR sig-
naling (Nolte et al. 1997). In particular, Coniglio et al. (2012) demonstrated in vitro
that microglia secreted EGF, which, in turn, activated the EGFR on GBM cells and
consequently induced tumor migration.

Change in the Microglial Profile May Be Useful

Studies by Penfield (1925) led to the suggestion that microglial cells fight tumors
(for review see Charles et al. 2011; Li and Graeber 2012). However, other inves-
tigators continue to believe that microglial cells behave as expected for macro-
phages and are able to promote antigen presentation, release of cytokines and
phagocytosis even in the presence of GBM.

Kren et al. (2010) observed the expression of HLA-G and HLA-E,
immune-modulatory nonclassical molecules with anti-tumor activity, by
glioma-associated microglia and macrophages in most cases of human GBM of 26
samples analyzed. The role of these molecules in GBM is not well described. Even
so, their observations go against the hypothesis that microglial cells and macro-
phages may be attracted to the tumor site and promote tumor invasion through
inhibition of the cytolysis by NK-cell and T-cell, once they consider that the
detected expression of HLA-G and HLA-E in glioma-associated microglia and
macrophages indicates a role in immune functions (Kren et al. 2010). In this sense,
an in vitro study showed that the conditioned culture medium of microglia pro-
moted apoptotic cell death of glioma cells; when microglial cells were previously
treated with LPS or IFNc (Interferon c), this effect was more pronounced.
Proteomic analysis was used to identify the secreted proteins, and several cathepsin
proteases were found to be expressed, especially cathepsin B, as was NO, sug-
gesting a microglial role in tumor cytotoxicity (Hwang et al. 2009). Despite these
observations, much clinical evidence and many in vitro studies indicate that
microglia and macrophages that infiltrate the brain tumor have pro-tumor functions,
promoting cell growth and migration (Li and Graeber 2012; Alves et al. 2011; da
Fonseca and Badie 2013). On the other hand, after treatment with
polyinosinic-polycytidylic acid (poly [I:C]), an agonist for Toll-like receptor 3,
glioma-associated microglia obtained from patients with GBM started to secrete
toxic soluble factors when cocultured with different GBM cell lines. This was also
true when they used the supernatant of glioma-associated microglia previously
stimulated with poly (I:C). Interestingly, these factors had toxic effects only on
tumor cells, since astrocytes and neurons cultures were not affected (Kees et al.
2012). Thus, Kees et al. (2012) demonstrated that it is possible to change the
behavior of microglial cells from a tumor-supporting role to a tumor-suppressing
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function after poly (I:C) exposure. In other words, switching the M2 profile
described for glioma-associated microglia, to an M1 profile led to gaining
anti-tumor activities. In the same way, Chiu et al. (2011) proposed that in vitro
microglial anti-tumor functions could be reestablished with treatment with IL12.
Indeed, after IL12 stimulation, microglia increased the levels of TRAIL
(TNF-related apoptosis inducing ligand) releasing and phagocytic activity.

In addition, Lisi et al. (2014) demonstrated that the inhibition of mTOR
(mammalian target of rapamycin), which is activated in gliomas by many dereg-
ulated pathways, polarizes glioma-activated microglia to an M1 profile conferring
cytotoxic functions upon microglial cells and preventing the M2 state that is
involved in tumor establishment. In fact, iNOS was increased followed by a
decrease in IL10 gene expression after treatment with rapamycin and its analog
RAD001 in microglia (Lisi et al. 2014).

A recent in vivo study showed that MIF (macrophage migration inhibitory
factor) is highly expressed on glioma cells, whereas its receptor, CD74, is expressed
only in glioma-associate microglia. In this study, GBM cells and glioma-associate
microglia were isolated from primary human tumors. A higher level of
CD74-positive glioma-associate microglia was associated with increased patient
survival, representing a positive prognostic parameter associated with the
anti-tumor M1 profile (Zeiner et al. 2014).

In face of all these studies, we can conclude that microglia are a potential
therapeutic target for the treatment of GBM. Certainly, the more we know about the
interaction between microglia and GBM cells, the more we will know about the
tumor biology. Data showing microglial cells promote tumors are substantial,
especially from studies mentioned above that have attempted to manipulate the
activation state of microglia, rescuing their M1 profile instead of M2 profile to fight
against tumors.

Possible Therapies Using Microglia as a Therapeutic Target
in the Fight Against Cancer

Currently, the state of the art therapy for GBM consists of surgical resection of the
tumor, followed by chemotherapy with Temozolomide and radiotherapy. Despite
the aggressive therapy, median survival remains only 14.6 months after diagnosis
(Stupp et al. 2005). Many preclinical and clinical studies are trying to improve
patient survival, but without success. Some strategies focus on the interaction of the
tumor cells with the microenvironment; we will discuss some of the strategies that
are being currently developed focusing on the microglia-glioma interaction.

The STAT 3 (signal transducer and activator of transcription 3) pathway is
constitutively expressed in high-grade gliomas (Yu et al. 2007; Weissenberger et al.
2004) and has already been implicated in GBM pathogenesis, progression and
immune evasion (Takeda et al. 1999; O’Farrell et al. 1998; Lang et al. 2002). STAT
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3 is also upregulated in microglial cells under glioma influence (Zhang et al.
2009a), at least in part by interaction between glioma S100B and IL-6 with
microglial RAGE (Receptor for Advanced Glycation End products) and IL6R
(Bromberg and Wang 2009; Zhang et al. 2009b). The activation of this pathway
inhibits macrophage activation and reduces expression of co-stimulatory molecules
necessary for antigen presentation by naive T-cells; it increases the secretion of
immunomodulatory cytokines IL6 and IL10, while reducing lymphocyte-
stimulating cytokines (IL2, IL4, IL12 and IL15) (Cheng et al. 2003; Walker
et al. 2003; Hussain et al. 2007). Consistent with this, STAT 3 inhibition in glioma
cells using siRNAs reverses the cytokine expression profile, leading to mi-
croglia/macrophage activation and tumor growth inhibition in a mouse model
(Zhang et al. 2009a). Pharmacological agents such as small STAT 3 inhibitors that
penetrate the CNS have an anti-proliferative and proapoptotic effect on glioma cell
lines (Takeda et al. 1999; O’Farrell et al. 1998; Lang et al. 2002; Iwamaru et al.
2007). Apart from that, these agents are capable of reversing the immune tolerant
microenvironment by activating microglial cells, through production of
lymphocyte-stimulating cytokines (IL2, IL4, IL12, IL15 and CXCL10) and
upregulation of co-stimulatory molecules (CD80 and CD86), and also by stimu-
lating T-cell proliferation and inducing a Th1-response (Iwamaru et al. 2007; Cheng
et al. 2003; Hussain et al. 2007). There are on-going phase I and II clinical trials
with STAT 3 and its more important activator IL6 for several malignancies for
which this pathway is important, such as head and neck cancer, multiple myeloma
and prostate cancer (Sansone and Bromberg 2012). These trials might be translated
into a new therapeutic option for malignant gliomas, where this pathway was also
recently shown to be important.

The role of the immune system in the treatment of the CNS tumors gained
prominence with clinical trials using oligodeoxynucleotides containing CpG motifs
(CpG-ODN) for GBM patients. CpG-ODNs are strongly immunostimulating
agents, activating both innate and specific immunity. Biological effects of
CpG-ODN are mediated by Toll-like receptor 9 (TLR9) (Klinman 2004; Krieg
2004), mainly expressed by B-lymphocytes and plasmacytoid dendritic cells in
humans, and also by microglial and glioma cells (Ribes et al. 2010; El Andaloussi
et al. 2006). In pre-clinical models, local treatment with CpG-ODN injections,
either alone or combined with radiation therapy, reduced tumor size, with no
toxicity to brain parenchyma (Carpentier et al. 2000; Auf et al. 2001; Meng et al.
2005). It was shown that tumor rejection was due not only to direct toxicity in
tumor cells, but also to modulation of microglia/macrophages and induction of a
Th1 response (El Andaloussi et al. 2006; Carpentier et al. 2000; Auf et al. 2001).
This new therapy was so promising in preclinical models that it was rapidly
translated into phase I and II clinical trials. After a promising phase I study, with the
few side effects limited to transient worsening of neurological condition and fever
(Carpentier et al. 2006), phase II trials presented at the 2009 American Society of
Clincal Oncology (ASCO) annual meeting showed only modest activity in the
6-month progression-free survival (PFS) of the cohort, with only a few cases
showing radiological response (Carpentier et al. 2010; Ursu et al. 2009). This trial
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did not define the clinical or molecular characteristics of patients who might have
benefitted from this trial, and this therapy was not continued.

Apart from these innovative strategies, old medications with newly discovered
functions are also being investigated. Some glioma drugs reduce tumor growth in
preclinical models by modulating microglial activity. The first, minocycline, a
semi-synthetic broad spectrum tetracycline antibiotic described as capable of
counteracting microglial activation into a proinflammatory phenotype by
p38-MAPK inhibition (Suk 2004), reduces tumor growth in vitro and in vivo by
inhibiting microglial MT1-MMP expression (Markovic et al. 2011). Another is
propentofylline, an atypical synthetic methylxanthine with CNS glial modulating
and anti-inflammatory actions (Si et al. 1996, 1998), described as capable of
decreasing tumor growth in preclinical GBM models by a direct effect on microglial
cells (and not in tumor-infiltrating macrophages) through tumor necrosis factor
receptor of mouse embryo (TROY/TNFRSF19) inhibition (Jacobs et al. 2012a, b).
And, more recently, Sarkar et al. (2014) demonstrated that microglial cells derived
from non-glioma human subjects can markedly reduce the sphere-forming capacity
of glioma stem cells (GSCs) by inducing cell-cycle arrest, reducing proliferation
and inducing differentiation, most likely through IL-8 and MCP-1. Apart from that,
Amphotericin B (a polyene antifungal drug) stimulates glioma-associated microglia
through TLR signaling, reducing GSC survival and sphere-forming capacity in a
manner resembling the action of microglia from healthy subjects. Daily treatment of
mice harboring intracranial GSCs with non-toxic doses of Amphotericin B also
substantially prolongs mouse survival (Sarkar et al. 2014).

Aside from pharmacological approaches, strategies have also been developed
using microglia as vehicles for gene therapy in conjunction with MRI tracking.
Ribot et al. (2007) labeled microglial cells with MRI contrast agents to ascertain
that the injected cells were migrating to the tumor mass. The labeled cells were also
transfected with a thymidine kinase suicide gene, which causes cell death after
administration of its substrate, gancyclovir (GCV). This system is suitable because
it induces a bystander effect: first, monophosphorylated GCV passes through
intercellular gap junctions and thereby triggers the death of cells that have not been
transduced; second, apoptotic bodies released by dead cells are taken up by adjacent
viable cells which then die, amplifying this phenomenon (Caruso et al. 1993; Qiao
et al. 2000; Burrows et al. 2002). Thus, a small quantity of enzyme and a low level
of transduction are sufficient to cause tumor regression (Spencer 2000) under
pharmacological control, since intracellular signaling occurs only if GCV is
administered. The investigators demonstrated that the injected microglial cells are
attracted to the tumor mass and that suicide gene activation with GCV reduces
tumor growth and prolongs survival in a preclinical model of human GBM in nude
mice (Ribot et al. 2007; Caruso et al. 1993; Qiao et al. 2000; Ribot et al. 2011).

Recent knowledge of microglia’s effects on the microenvironment of malignant
gliomas has led to the discovery of several pathways that are promising therapeutic
targets and a new prognostic molecular marker. This time, instead of a mutation or
protein expression in tumor cells, the prognostic marker is a polymorphism in a
microglial chemokine receptor gene associated with cell migration: the
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CX3CR1-I249 allele. This allele variant is associated with prolonged mean survival
of GBM patients (23.5 v 14.1 months; P < 0.0001) and with reduced tumor infil-
tration by microglia (Rodero et al. 2008). For the first time, a microglial marker has
been characterized as an independent, favorable prognostic factor and might be
useful in predicting survival in GBM patients.

Since the phase III trials of Temozolomide in 2005, many options have been
studied for the treatment of malignant gliomas without much success, including
anti-angiogenic therapy with Bevacizumab (Avastin®) (Chinot et al. 2014) and
such other chemotherapy regimens as Procarbazine, Lomustine (CCNU), and
Vincristine (PCV) (Brada et al. 2010). Also, many strategies that seemed promising
in preclinical trials, such as the CpG-ODNs, are rather disappointing in clinical
trials. Thus, understanding of the biology of the CNS tumors and of the microen-
vironment’s influence on tumor progression is becoming increasingly important for
developing new therapeutic strategies for this deadly disease.

Concluding Remarks

GBMs are the most aggressive tumors of astrocytic lineage. Despite significant
progress in cancer research, which has led to the development of more effective
therapies for some types of solid tumors, there is no effective treatment for GBM. In
this chapter, we discussed some relevant properties of microglia in contact with
GBM. Better understanding of the interactions between the tumor and its
microenvironment, particularly microglial cells, is important for combating GBM.
In this sense, the development of new therapies targeting the microglia or the
factors produced by them that are specifically related to tumor progression may be
an effective alternative.
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