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Abstract

Microglia are the brain resident phagocytes 

that act as the primary form of the immune 

defense in the central nervous system. These 

cells originate from primitive macrophages 

that arise from the yolk sac. Advances in 

imaging and single-cell RNA-seq technolo-

gies provided new insights into the complexity 

of microglia biology.

Microglia play an essential role in the brain 

development and maintenance of brain 

homeostasis. They are also crucial in injury 

repair in the central nervous system. The 

tumor microenvironment is complex and 

includes neoplastic cells as well as varieties of 

host and in"ltrating immune cells. Microglia 

are part of the glioma microenvironment and 

play a critical part in initiating and maintain-

ing tumor growth and spread. Microglia can 

also act as effector cells in treatments against 

gliomas. In this chapter, we summarize the 

current knowledge of how and where microg-

lia are generated. We also discuss their func-

tions during brain development, injury repair, 

and homeostasis. Moreover, we discuss the 

role of microglia in the tumor microenviron-

ment of gliomas and highlight their therapeu-

tic implications.
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11.1  Introduction

Gliomas are a heterogeneous group of tumors 

(WHO Grade I–IV), including astrocytoma, oli-

godendroglioma, and ependymoma [40]. They 
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represent the most common brain tumor in adults, 

making up 30% of all Central Nervous System 

(CNS) neoplasms and more than 80% of malig-

nant CNS tumors [24]. The most common glioma 

in adults is Glioblastoma Multiforme (GBM), 

which is a highly aggressive tumor with a dismal 

prognosis. The current standard-of-care for adults 

with malignant glioma is maximal surgical resec-

tion, followed by radiation and occasionally che-

motherapy. With few available therapy options 

and little improvement in survival over the past 

several decades, this disease is in dire need of a 

new treatment paradigm.

In recent years, immunotherapy in the treat-

ment of CNS neoplasms has become a subject of 

great interest. The CNS is home to microglia, a 

resident intracerebral phagocyte critically 

involved in brain development, homeostasis, and 

response to injury and disease. Our understand-

ing of the origin, function, and phenotype of 

microglia has dramatically advanced in the past 

three decades. Because of these advances, it is 

now possible to study microglia in the context of 

brain tumor pathophysiology. In this chapter, we 

will provide a brief introduction to the origin and 

functions of microglia and subsequently discuss 

the role of microglia within the brain tumor 

microenvironment. Finally, we will examine the 

therapeutic potential of microglia as a target or 

effector cell in the treatment of glioma.

11.2  Embryological Origin, 
Development, and Function 
of Microglia

11.2.1  Origin and Development

The exact origin of microglia has remained a sub-

ject of debate since their discovery in 1919 by del 

Río Hortega. Microglia were initially thought to 

derive from the neuroectoderm, along with neu-

rons and other resident CNS cells that make up 

the brain parenchyma. When microglia were 

found to express distinctive macrophage antigens 

on their surface, an extracerebral hematopoietic 

origin was suggested [56]. In the 1990s, research-

ers posited that microglial progenitors arise from 

the mesodermal tissue in the yolk sac and migrate 

into the brain rudiment in rodents and humans [2, 

3]. In 2010, Ginhoux et al. provided conclusive 

evidence that these “microglial progenitors” are, 

in fact, primitive macrophages [23].

By E9.5, around the start of angiogenesis, 

these primitive macrophages surround the devel-

oping neuroepithelium and begin migrating into 

the neuroectoderm by E10.5. At this stage, imma-

ture, amoeboid microglia begin populating the 

cerebral cortex and white matter before migrat-

ing into the telencephalon [49]. These amoeboid 

microglia are highly active and proliferative, 

expressing Ki67 and Runx1, a transcription fac-

tor involved in myeloid lineage differentiation 

[67]. Mature, rami"ed microglia can be observed 

throughout the fetal brain parenchyma by E28, 

earlier than any other glial cell [51].

Though the origin of microglia from a singular 

source is widely accepted, the heterogeneity of 

microglia has led to further investigation into their 

ontogeny. It has been suggested that a Hoxb8+ 

subset of microglia are derived from the bone 

marrow of adult mice or during a “second wave” 

of hematopoiesis during development [14].

11.2.2  Function of Microglia Within 
the Developing Fetal 
and Postnatal Brain

The development and organization of the cere-

bral cortex during prenatal development is depen-

dent upon the proper balance between 

proliferation and inhibition of growth: too many 

neural precursor cells and resulting cortical neu-

rons can have devastating effects. Microglia serve 

a vital role in this balance by regulating the num-

ber of precursor cells within the neural prolifera-

tive zones through phagocytosis. Importantly, 

evidence suggests that microglia not only phago-

cytose abnormal or apoptotic cells, but also via-

ble precursor cells [16].

Microglia also play a critical role in normal 

postnatal brain development. Microglia are 

actively involved in the formation of neuronal 

circuitry, primarily through pruning of extrane-

ous presynaptic material [71]. During a speci"c 

window of time in which synaptic creation and 

elimination are peaking, the complement cascade 
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proteins C1q and C3b are expressed on the sur-

face of developing synapses. As the only known 

CNS-resident cell with a receptor for activated 

C3 (C3b), microglia are the most likely phago-

cytes responding to opsonized C3b [64].

During the third postnatal week (P21), microg-

lia numbers begin to decline gradually and reach 

a population steady state by postnatal week six 

[52]. Using a multicolor “Microfetti” fate- 

mapping mouse model, Tay et al. concluded that 

every mature microglial cell is plastic and can 

divide to give rise to a clone [66]. Thus, the popu-

lation of microglia within the developed brain is 

self-sustaining and maintained by a precise bal-

ance of apoptosis and proliferation in the absence 

of injury or disease.

11.3  Characterization of Microglia

11.3.1  Homeostasis

In addition to the controversy surrounding the 

ontogeny of microglia, the phenotypic character-

ization of microglia has been a source of debate 

and conjecture. In order to study their unique 

physiological role, it is necessary to distinguish 

microglia from other antigen-presenting or CNS- 

resident cells. Early studies of microglia within the 

glioma microenvironment relied on surface pro-

teins, such as CD45, to eliminate non-immune 

cells and CD11b to further isolate dendritic cells. 

Other early studies relied on CD45low expression 

and cell morphology to distinguish microglia from 

other cells. However, these two characteristics are 

subject to change with disease and injury. Further, 

it is known that microglia within the tumor micro-

environment (TME) can upregulate CD45, further 

complicating its use in this context [6].

The "rst functional surface protein with 

reported expression on the surface of mature 

microglia was the fractalkine CX3CR1, which is 

necessary for neuron–microglia crosstalk [30]. 

Jung et al. subsequently established a transgenic 

mouse model for the study of microglia in which 

CX3CR1 was replaced with a reporter GFP gene 

[35]. The speci"city of CX3CR1 expression in 

microglia was con"rmed in a gene expression 

pro"le analysis across various phagocyte 

 populations [21]. TMEM119 is another promis-

ing microglia-speci"c surface marker. TMEM119 

may be particularly useful in studying microglia 

throughout development, as its expression is evi-

dent from early development through maturation 

[7]. A third microglia-speci"c surface marker, 

P2RY12, was identi"ed through RNAseq and 

proteomics [11]. The presence of both TMEM119 

and P2RY12 has been con"rmed in other tran-

scriptomic pro"ling studies [78].

Recent advances in single-cell RNA- 

sequencing has allowed for regional and tempo-

ral transcriptional-level characterization of 

microglia across both the human and mouse brain 

[44]. This technology has generated  a  tremen-

dously comprehensive pro"le of microglial 

regional heterogeneity in both healthy and dis-

eased human brain. In the healthy, homeostatic 

brain, TMEM119, P2RY13, CX3CR1, SLC2A5, 

and P2RY12 are the most enriched genes. The 

expression of these “core” genes changes in the 

setting of demyelination and neurodegeneration. 

Additional genes are often enriched depending 

on disease state, which may establish a disease- 

speci"c genetic signature.

11.3.2  Polarization

Peripheral blood-derived macrophages are often 

characterized by their state of polarization. 

M1macrophages are considered “pro- 

in&ammatory,” while M2macrophages are consid-

ered anti-in&ammatory and are involved in tissue 

healing [48]. This dichotomy may be an oversim-

pli"cation of actual macrophage activity in vivo, 

which likely exists as a complex spectrum. 

However, this M1/M2 nomenclature is widely uti-

lized to describe macrophage behavior [75].

The existence of a similar polarization state or 

activity spectrum in microglia in vivo is contro-

versial [60]. Based upon this a priori de"nition of 

activated macrophage classi"cation, multiple 

studies have similarly attempted to categorize 

microglia into this dichotomous relationship. 

However, in-depth transcriptomic analyses of 

microglia have failed to prove this relationship 

in  vivo [72]. Such investigations have revealed 

that microglia are incredibly diverse. This con-

11 Microglia in the Brain Tumor Microenvironment
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clusion should come as no surprise given their 

complex range of functions within an ever- 

changing microenvironment across the lifespan.

11.4  Function of Microglia

11.4.1  Homeostasis

In 2005, two landmark studies provided conclu-

sive proof of active microglia within the homeo-

static adult brain [17, 53]. Thanks to technological 

advances in microscopy allowing for intravital 

imaging, interactions between microglia and 

other CNS-resident cells within their native envi-

ronment could be visualized for the "rst time. 

This imaging modality revealed highly active 

“resting” microglia, perpetually surveying their 

environment by extending their long processes. 

Microglia can detect minute changes within their 

microenvironment due to the presence of diverse 

signaling receptors for both endogenous and 

exogenous insults. After a threat is detected, 

microglia react through phagocytosis or produc-

tion of in&ammatory and trophic factors [19]. 

This response, while necessary for the protection 

of the CNS, can also lead to aberrant effects.

The adult brain has two sites of continued 

neurogenesis: the subgranular zone (SGZ) of the 

dentate nucleus found in the hippocampus and in 

the olfactory bulb. Within the SGZ, the majority 

of quiescent neural progenitor cells (NPCs) that 

become activated die as neuroblasts before 

becoming immature neurons. Apoptotic cells and 

debris are phagocytosed by unchallenged microg-

lia within this niche. In this setting, microglia do 

not need to be “activated,” as has been reported in 

other conditions. These microglia maintain their 

high phagocytic ef"ciency in the presence of 

in&ammatory conditions and in spite of decreased 

neurogenesis due to age [63].

11.4.2  Injury

An in-depth discussion of microglia’s role in dis-

eases outside of brain tumors is beyond the scope 

of this chapter; however, the inclusion of some 

background information is warranted. In the set-

ting of brain tumors, injury occurs during tumor 

growth and radiation therapy-induced in&amma-

tion. Both processes elicit changes within the 

brain that promote activation and chemotaxis of 

microglia.

Microglia are primarily directed to sites of 

injury to the blood-brain barrier (BBB) by stimu-

lation of P2Y G-protein coupled receptors. Upon 

P2Y receptor stimulation by extracellular ATP, 

ADP, or UTP, microglia rapidly converge at the 

site of injury and begin proliferating [17]. In 

addition to stimulating the motility of microglia, 

ATP can induce microglial production of IL1β, 

TNF-α, and plasminogen [31]. Clopidogrel was 

administered in a mouse model to inhibit 

P2YR12. As a result, chemotaxis of microglia to 

sites of BBB injury and subsequent closure of the 

defect were greatly impaired [39].

Neuroin&ammation is a signi"cant complica-

tion resulting from radiation therapy for glioma 

[26]. In response to irradiation, it has been 

reported that microglia begin secreting cytotoxic 

and proin&ammatory factors, including IL-6, 

TNF-α, and PGE2 [33]. PGE2 release by microg-

lia has been suggested to signi"cantly contribute 

to in&ammation and reactive gliosis following 

irradiation. Irradiation-induced changes to the 

BBB further attract microglia, which bolster the 

proin&ammatory milieu. While this in&ammation 

can be pharmacologically mitigated by the use of 

COX-2 inhibitors, potentially positive neuropro-

tective functions of microglia are also sti&ed.

11.5  Microglia Within the Tumor 
Microenvironment

In 1925, Wilder Pen"eld published the "rst 

description of microglia in the context of glioma. 

Pen"eld, who studied the development and 

behavior of microglia under del Rio-Hortega, 

suggested that microglia within the TME play a 

signi"cant role in extracellular matrix (ECM) 

remodeling and the destruction of by-products 

from this process [55]. It was not until much later 

that this ECM-remodeling role of microglia was 

suggested to be pro-tumorigenic and not merely a 
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reaction to tissue injury. In 2002, Bettinger et al. 

published a study in which Boyden chambers 

were used to study the effect of microglia on gli-

oma cell migration in vitro [8]. They found that 

in the presence of microglia or microglia- 

conditioned media, glioma cells exhibited up to a 

threefold increase in motility (Fig. 11.1).

11.5.1  Immune-Suppression 
and Evasion

Increased prostaglandin synthases and upstream 

enzyme cyclooxygenase-2 (COX-2) have been 

reported in a variety of malignancies, including 

glioma [47]. COX-2 is an inducible enzyme 

involved in the conversion of arachidonic acid to 

prostaglandins (PGE1 and PGE2). COX-2 upreg-

ulation in gliomas is associated with more aggres-

sive tumors and a worse prognosis [62]. PGE2 

blocks the activation of T cells by inhibiting T 

cell–dendritic cell interactions [73]. Glioma cells 

are known to release PGE2. However, when 

glioma- released soluble factors are present, 

microglia may release a more signi"cant quantity 

of PGE2 [50]. In addition to inhibition of T-cell 

activation, PGE2 production is associated with 

TNF downregulation, which is a potential mech-

anism of decreased TRAIL-mediated apoptosis 

in glioma cells [29].

Fas-Fas ligand (FasL) may also play a role in 

the microglia-induced immunosuppressive envi-

ronment of gliomas [5]. Some level of FasL 

expression is seen in neurons, astrocytes, and 

microglia in homeostatic and pathological con-

ditions, perhaps as a protective mechanism 

against in&ammation. Upregulation of FasL on 

the surface of tumor-associated microglia leads 

to apoptosis of FasL-expressing T cells. 

Supporting this hypothesis, when FasL expres-

sion was inhibited in a murine model of glioma, 

leukocyte in"ltration into tumors increased up to 

threefold.

In addition to its involvement in ECM 

remodeling, discussed below, TLR2 plays a 

role in glioma immune evasion. In a murine 

model of glioma, TLR2 was reported to cause 

downregulation of MHC Class II expression 

on microglia [59]. This decreases the antigen-

presenting capabilities of microglia, limiting 

the role of CD4+ T cells in antitumor 

immunity.

Fig. 11.1 The complex interplay between brain-resident 

microglia and tumor cells is highlighted by this very 

simpli"ed schematic. Brain microglia and in"ltrating 

peripheral macrophages are reprogrammed or re-edu-

cated to produce growth factors that increase glioma cell 

proliferation, attenuate glioma cell apoptosis, and pro-

mote tumor cell migration. Chemokines produced by 

glioma cells actively recruit resident microglia from the 

brain, as well as macrophages from the blood, through 

binding to their cognate receptors. In addition, glioma 

cells either intrinsically produce proteins that increase 

cytokine release and induce extensive ECM remodeling 

or can co-opt glioma- associated microglia to do the 

same. Extensive remodeling of the ECM is not restricted 

to physical alteration of the tissue microenvironment but 

also induce immune suppression by blocking the in"ltra-

tion of T cells and inducing apoptosis of Fas-L-

expressing T cells

11 Microglia in the Brain Tumor Microenvironment
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11.5.2  ECM Remodeling

Microglia secrete a variety of factors to increase 

their motility, which is necessary to their role as 

resident surveyors of the CNS. In the setting of 

glioma, this increase in motility comes at a cost. 

Glioma cells exploit ECM remodeling, which is 

necessary to allow microglia to survey their envi-

ronment and migrate toward threats.

TGF-β1, which is necessary for microglial 

development and activation, also promotes gli-

oma invasiveness and progression. In a syngeneic 

mouse glioma model, high levels of TGF-β1 pro-

duction by TAMs caused an increase in MMP-9 

production by CD133+ glioma “stem-like cells” 

(GSLCs). This paracrine stimulation via the 

TGFBR2 pathway is thought to be the direct 

cause of glioma invasiveness into surrounding 

parenchyma [76]. Another modulator of MMP-9, 

STI1 (stress inducible protein 1), is also upregu-

lated in the TME and its increase is associated 

with disease progression [13].

Another proin&ammatory cytokine, IL-6, has 

been implicated as a protumorigenic signal in the 

TME of gliomas. IL-6 secretion by microglia/

TAMs is induced by interaction with CD133+ 

GSLCs and acts as a mitogen for GSLCs [18]. 

The exact pathway by which this occurs is the 

subject of debate, with in vitro evidence suggest-

ing TLR4 or CCR2 as the key mediator of this 

pathway [18, 77].

TLR2 has also been implicated as a mediator 

of microglia–glioma interactions [68]. TLR2 

stimulation ex vivo leads to MT1-MMP upregu-

lation in microglia, presumably leading to remod-

eling of the ECM and further invasion of glioma 

cells in vivo. The importance of TLR2 in glioma 

pathobiology was further con"rmed in a 

TLR2-KO mouse model in which TLR2-KO 

mice showed smaller tumors and better survival 

than those in WT mice. A vicious cycle of TLR–

glioma interactions has been posited in which 

microglia expressing TLR2 are stimulated by 

glioma-released factors (e.g. HMGB1, HSPs, 

hyaluronan) and microglia increase ECM remod-

eling by TLR2-induced MT1-MMP upregula-

tion. This ECM remodeling further ampli"es 

TLR2 signaling, thereby advancing glioma inva-

sion and expansion [68]. When the MT1-MMP 

pathway is inhibited in vivo, glioma cell growth 

and invasion are attenuated [43]. This MT1- 

MMP upregulation in mouse microglia was not 

observed in human microglia; instead, MT3- 

MMP serves an analogous role in the human gli-

oma microenvironment [54].

11.5.3  Microglia and Pericytes

Pericytes are multifunctional cells that wrap 

around endothelial cells lining the microvascula-

ture of tumors, as well as normal capillaries and 

venules. These cells serve a multitude of essential 

blood vessel functions, including regulation of 

&ow, clearance of cellular debris via phagocyto-

sis, and help in the maturation and stabilization 

of the endothelial cells. Pericytes interact with 

blood vessel-associated cells via paracrine sig-

naling and direct cell-to-cell membrane interac-

tions. Pericytes play an essential role in 

maintaining the blood–brain barrier (BBB) dur-

ing homeostasis and disease, and have unique 

functions within the CNS [4].

Pericytes have recently been classi"ed into 

two subtypes [9]. Both subtypes (Type-1 and 

Type-2) express the classical pericyte markers 

CD146/PDGFRβ/NG2, but only Type-2 express 

Nestin. Using a syngeneic model, Birbrair et al. 

found that only Type-2 pericytes participate in 

normal and tumor angiogenesis both in vivo and 

in vitro [10]. Additionally, cerebral host pericytes 

are actively recruited to the tumor site and par-

ticipate in vascular formation in a murine synge-

neic orthotopic model of glioma [65].

Depending upon disease states (e.g., tumor 

progression or radiation-induced injury) peri-

cytes can alter the activation state of microglia. 

In the setting of neuroin&ammation, pericytes 

are stimulated by TNF-α and release proin&am-

matory factors, causing upregulation of iNOS 

and IL-1β in microglia [46]. Microglia in this 

setting are phagocytic and likely to be actively 

involved in tissue remodeling, which may also 

contribute to tumor invasion. Conversely, 

microglia can in&uence pericytes to promote 

tumor growth. Wallman et  al. recently demon-
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strated that M2-polarized microglia induced 

high expression of PDGFRβ expression in gli-

oma cells and stimulated their migratory capac-

ity [70]. They proposed that microglia–glioma 

cell-to-cell contact regulates PDGFRβ transcrip-

tion, affecting the known transcription factors 

promoting PDGFRβ transcription. The microg-

lial PDGFRβ expression results in a feed-for-

ward cycle of tissue remodeling, PDGF release, 

and chemotaxis of angiogenic pericytes and 

migratory glioma cells. In a mouse model of 

PDGFβ-drivenhigh-grade glioma, the vast 

majority of tumor pericytes were found in close 

association with microglia rather than in conju-

gation with perfused vessels [70]. Thus, microg-

lia act to actively recruit pericytes to the tumor 

microvasculature.

Interestingly, glioblastoma-associated peri-

cytes have also been observed to express signals 

associated with immune suppression, such as 

IL-10 and TGF-β [61]. These signals are associ-

ated with inactive microglia, thus reducing their 

ability to act as phagocytes. Recent evidence 

suggests that targeting pericytes in glioma 

improves response to therapy, either by increas-

ing drug permeability or by decreasing immune 

suppression [25]. Another study used an Ang-2/

VEGF bi-speci"c antibody to target tumor 

angiogenesis in GBM.  The authors observed 

increased survival and reprogramming of 

microglia and macrophages to an antitumor phe-

notype [36]. Collectively, these results suggest 

that reversing the immune-suppressive environ-

ment supported by pericytes is a promising treat-

ment strategy.

11.5.4  Microglia–Glioma Crosstalk

Glioma cells are thought to secrete a variety of 

factors that attract microglia/macrophages to the 

tumor site, among other downstream effects. One 

such factor released by glioma cells is CSF-1 

(M-CSF), a ligand of CSF-1R [37]. Glioma cells 

constitutively release CSF-1, which attracts 

TAMs to the tumor site and enhances TAM–gli-

oma crosstalk. CSF-1R is also necessary for 

maintenance of the steady-state microglia popu-

lation in adult mice [20]. In a preclinical murine 

model, inhibition of CSF-1R with the small mol-

ecule PLX3397 stopped glioma cells from invad-

ing the surrounding parenchyma, perhaps due to 

inhibition of microglia activation and prolifera-

tion [15].

The WNT/β-catenin pathway is important for 

gliomagenesis, and its expression correlates with 

disease progression [58]. Microglia express a 

variety of WNT receptors, including multiple 

FZDs and LRP6 [28]. Expression of WNT3a by 

glioma cells is thought to increase glioma–

microglia interactions. Matias et al. have demon-

strated that WNT3a stimulation of microglia 

induces their expression of ARG-1 and STI1 and 

pushes them toward an “M2-like” phenotype 

[45].

CXCL16, released by glioma cells, polarizes 

microglia and TAMs toward an “anti- 

in&ammatory” phenotype in  vitro. The impor-

tance of the CXCL16/CXCR6 axis for tumor 

growth was con"rmed in a syngeneic mouse 

model. GL261, a mouse glioma cell line, 

expresses both CXCL16 and CXCR6, with the 

highest expression on CD133+ cells. When 

GL261 tumor cells with a knockdown of CXCR6 

were engrafted in WT mice, a lower tumor vol-

ume was observed compared to mice engrafted 

with parental GL261 cells. Additionally, stimula-

tion of tumors with CXCL16 causes increased 

proliferation and invasion into surrounding 

parenchyma [38].

Within the tumor microenvironment, microg-

lia readily take up extracellular vesicles (EVs) 

released by glioma cells. These extracellular ves-

icles contain proteins, lipids, and nucleic acids, 

which, upon uptake into microglia, can serve as 

intercellular messengers [41]. Recent evidence 

suggests that microRNA (miRNA) contained in 

these vesicles may affect tumor-associated 

microglial transcription. Speci"cally, miR-21 is 

thought to downregulate Btg2, which is involved 

in the regulation of cell proliferation [1]. Btg2 

downregulation by miR-21 leads to increased 

microglia proliferation, which in turn increases 

glioma invasiveness.

11 Microglia in the Brain Tumor Microenvironment
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11.6  Therapeutic Implications

11.6.1  Microglia as a Therapeutic 
Target

The preclinical success of CSFR-1 inhibitor, 

PLX3397, set the stage for a clinical trial for the 

treatment of recurrent GBM. Although the treat-

ment was well tolerated and effectively crossed 

the BBB, no clinical response was seen 

(NCT01349036) [12]. In another Phase II trial 

(NCT01790503), PLX3397 was combined with 

temozolomide and radiation for the treatment of 

primary GBM. The complete results of this study 

have not been published, but the available pre-

liminary results do not suggest this treatment 

approach was effective.

Microglia suppression by minocycline was 

effective in reducing glioma growth and pro-

gression in preclinical murine models of glioma 

[43]. Minocycline may block expression of 

MT1- MMP, slowing ECM remodeling by 

microglia. However, this success was not repli-

cated when minocycline was used as an adju-

vant treatment in human clinical trials 

(NCT01580969, NCT02272270, and 

NCT02770378) [27]. This lack of translation is 

likely due to the involvement of MT3-MMP 

expression, rather than MT1-MMP, in human 

gliomas, which was discussed earlier in this 

chapter.

THIK-1, a constitutively active K+ channel on 

the surface of microglia, has recently been 

reported to regulate microglial motility, surveil-

lance, and IL-1β release [42]. IL-1β is known to 

be necessary for glioma angiogenesis and inva-

sion [69]. Pharmacological inhibition of THIK-1 

as a therapy in the treatment of glioma has been 

suggested [57]. Assessment of the ef"cacy of 

THIK-1 inhibition as a treatment strategy against 

glioma has thus far been limited by a lack of 

drugs targeting THIK-1 and the need for a better 

understanding of this pathway.

11.6.2  Microglia as an E"ector Cell

One common mechanism of tumor cell immune 

evasion is the upregulation of CD47, which, 

upon binding to SIRPα on the phagocyte’s sur-

face, acts as an antiphagocytic “don’t eat me” 

signal [34]. This protective mechanism has been 

successfully abrogated in multiple in vivo stud-

ies by the treatment of tumors with an anti-CD47 

mAb [22, 32, 74]. Until recently, peripheral 

CCR2+macrophages were the only known effec-

tor cell of this treatment. Using a transgenic 

mouse model constitutively expressing RFP+ 

CCR2+ peripheral macrophages and GFP+ 

CX3CR1+ microglia, Hutter et al. showed for the 

"rst time that microglia are also potent media-

tors of the anti-CD47 response against an adult 

GBM xenograft [32]. Perhaps the most striking 

"nding of this study was the strength of phago-

cytic response to anti- CD47 treatment even in 

mice with absent CCR2+peripheral  macro-

phages. With a lower in&ammatory signature 

than activated peripheral macrophages, microg-

lia have promising therapeutic potential in the 

treatment of glioma.

11.7  Conclusion and Future 
Directions

Despite recent advances in understanding the 

ontogeny and physiology of microglia, many 

questions remain. By necessity, microglia pro-

mote ECM remodeling, a function that has been 

implicated as pro-tumorigenic. However, efforts 

to target this process to reduce tumor invasion 

have been unsuccessful in clinical trials, perhaps 

due to inter-species differences or heterogeneity 

of microglia. A recent in vivo study has shown 

microglia to be a promising effector cell in check-

point inhibitor therapy against GBM [32]. Future 

studies should aim to further characterize these 

microglia in order to fully exploit this potential.
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