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Abstract. Several studies have substantiated the hypothesis 
that tumor progression is not only driven by the tumor cells 
themselves but also by their interaction with intrinsic and 
surrounding stromal cells. Tumor-associated macrophages 
and microglial cells (TAMs) represent one major stromal cell 
component of glioblastomas. Additionally, in many gliomas, 
chemokines are highly expressed and some chemokines were 
already linked to settlement of TAMs in tumors. However, 
although chemoattraction mechanisms mediated by chemo-
kines and their receptors are well documented, information 
on their expression and role in TAMs, particularly in patients, 
is limited. Therefore, we investigated the transcription of the 
chemokine-receptor combinations CXCL12-CXCR4-CXCR7, 
CXCL16-CXCR6 and CX3CL1-CX3CR1 in freshly isolated 
TAMs from 20 human glioblastomas in relation to in vitro 
polarized M1- and M2-macrophages. We demonstrated that 
TAMs express both M1- and M2-markers. Compared to in vitro 
polarized macrophages, the M1-marker interleukin (IL)-6 was 
similarly expressed, whereas IL-1β and tumor necrosis factor 
(TNF)-α were found at lower levels. The M2-marker IL-10 was 
comparably expressed, while CD163 and transforming growth 
factor (TGF)-β were detected with one tenth lower intensities 
in TAMs. All investigated chemokines/receptors were tran-
scribed at moderate to high levels in TAMs as well as in vitro 
polarized macrophages. However, CX3CR1 was markedly 
higher and CXCR7 was somewhat higher expressed in TAMs, 
whereas M2-macrophages were characterized by the highest 

CXCL12 and a moderate CX3CL1 expression. Collectively, 
TAMs share properties of M1- and M2-macrophages and show 
a considerably higher expression of the chemokine receptors 
CXCR7 and CX3CR1.

Introduction

For many years, cancer was predominantly considered to be a 
cell-autonomous disease. However, studies on the tumor micro-
environment have given rise to the emerging concept that tumor 
progression depends on a dense network of interactions among 
cancer cells and the surrounding stroma, including different 
types of immune cells (1). For glioblastomas (GBMs), high 
malignant brain tumors with a median survival of <15 months 
despite multimodal therapy (2) tumor-associated macrophages 
and microglia (TAMs) are the predominant infiltrating 
immune cell population. This population is characterized by 
CD11b+/CD45dim (microglia) and CD11b+/CD45high (macro-
phages) phenotypes and accounts for 13-34% (microglia) and 
4.2-12% (macrophages) of the tumor cell mass in experimental 
gliomas (3). There is compelling evidence that TAMs are 
involved in creating a microenvironment that favors glioma 
growth (4-6). They are regarded as M2-macrophages, which 
exhibit anti-inflammatory properties as they show elevated 
expression of the mannose (CD204/206) and scavenger 
receptor (CD163) as well as an enhanced expression and secre-
tion of immunosuppressive cytokines, such as transforming 
growth factor (TGF)-β1 and IL-10 (7). In contrast, the classi-
cally activated or M1-polarized macrophages are characterized 
by a pro-inflammatory phenotype, including enhanced expres-
sion and release of IL-1β, tumor necrosis factor (TNF)-α, 
interleukin (IL)-6 or IL-12 along with the ability to induce 
Th1-mediated immune responses (7). However, the precise 
molecular mechanisms underlying the phenomena of tumor-
progression facilitated by TAMs, remain unclear. Since it is 
known that TAMs could be recruited to sites of gliomas by an 
interplay of CCL2/MCP-1 (constitutively produced by glioma 
cells) and its receptor CCR2 (expressed on TAMs) (8,9) and by 
a CCL7/MCP-3- CCR1/CCR2/CCR3- crosstalk (10), it seems 
that small chemotactic cytokines, known as chemokines, are 
important key players in GBM progression by facilitating 
the infiltration of TAMs into glioma tissues. In accordance 
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with this, we have previously shown that CX3CL1 promotes 
recruitment of TAMs into GBM and enhances expression 
of the matrix metalloproteases (MMPs) 2, 9 and 14 in these 
tumor cells (11). To date, there are no data available regarding 
the expression of the transmembrane chemokine CXCL16 and 
its receptor CXCR6 and regarding the expression of CXCL12 
with both its receptors CXCR4 and CXCR7 on TAMs freshly 
isolated from GBM. Since we and others showed that both 
CXCL16 and CXCL12 and their respective receptors are 
involved in GBM progression (12-17), the elucidation of these 
chemokine/-receptors on TAMs will help to unravel the role of 
TAMs in glioma and may promote the design of more effec-
tive treatment options for these tumors.

Therefore, the present study demonstrated the expres-
sion profile of CX3CL1/CX3CR1, CXCL16/CXCR6 and 
CXCL12/CXCR4/CXCR7 in both freshly isolated human 
GBM-associated macrophages/microglia and in in vitro 
generated M1- and M2-macrophages and related these results 
to the M1- and M2-marker expression profile of the different 
macrophage populations.

Materials and methods

CD11b MACS separation procedure for TAM isolation. Twenty 
different freshly obtained human GBM samples were used for 
CD11b MACS separation technology as previously described 
(11). Therefore, single-cell suspensions of 400 mg tumor tissue 
were generated using the Neural Dissociation Kit (T), and up to 
2x107 cells were immediately labeled with CD11b MicroBeads 
(Miltenyi Biotec GmbH, Bergisch Gladbach, Germany) and 
separated using MACS LS columns according to the manu-
facturer's instructions. Then, the identity of freshly isolated 
CD11b positive TAMs was confirmed by immunofluorescence 
using a monoclonal mouse anti-human CD11b FITC-labeled 
antibody (Miltenyi Biotec GmbH) according to the manu-
facturer's instructions (10 µl undiluted CD11b-FITC for up 
to 107 separated cells). Additionally, mRNA expression levels 
of glial fibrillary acidic protein (GFAP; glioma-cell specific) 
and ionized calcium-binding adapter molecule (Iba-1; mono-
cyte/microglia-specific) of isolated human TAM-enriched 
fractions and non-TAM fractions were evaluated by qPCR (as 
described below). Only TAM preparations which were CD11b 
positive compared to corresponding non-TAM fractions and 
exhibited high Iba-1 mRNA expression were used for further 
analysis. Materials were obtained in accordance with the 
Helsinki Declaration of 1975 and with approval of the Ethics 
Committee of the University of Kiel.

Generation of M1- and M2-macrophages. Macrophages 
were generated from monocytes from healthy adult blood 
donors obtained from the Research Center Borstel, Germany. 
Informed consent was obtained from all donors. Monocytes 
(15x106; ~95% purity) generated from human PBMCs by 
counterflow centrifugation (elutriation) (18) were cultured 
in teflon-coated bags (Süd-Laborbedarf, Gauting, Germany) 
in RPMI-1640 medium containing 1% L-glutamine (both 
from PAA Laboratories, Cölbe, Germany), 10% FCS and 
100 µg/ml penicillin/streptomycin (both from Biochrom, 
Berlin, Germany) in the presence of either 50 ng/ml M-CSF 
or GM-CSF (BioLegend, Fell, Germany) for 7 days. To detach 

macrophages, bags were placed on ice for 1 h and cells were 
resuspended in PBS (PAA Laboratories). The phenotype of 
macrophages was characterized following established proto-
cols (19,20) and as recently described (21).

Quantitative real-time RT-PCR (qPCR). Twenty different 
TAM-enriched and non-TAM fractions as well as five 
individual in vitro generated M1- and M2-macrophage prepa-
rations were used. Total RNA from these cells (>1x103) was 
purified with the PicoPure RNA Isolation kit (MDS Analytical 
Technologies, Sunnyvale, CA, USA) according to the manu-
facturer's instructions. The RNA samples were treated with 
RNase-free DNase (1 U/µl) (Promega, Madison, WI, USA), and 
reverse transcribed by RevertAid™ H Minus M-MuLV Reverse 
Transcriptase (200 U/µl) (Fermentas, Vilnius, Lithuania) as 
previously described (11,15). Quantitative PCR was performed 
in triplicate using a total reaction volume of 20 µl, containing 
1 µl of 20X Assays-on-Demand™ Gene Expression Assay 
Mix (Iba-1, Hs_00610419_g1; GFAP, Hs_00157674_m1; 
CX3CL1, Hs_00171086_m1; CX3CR1, Hs_00365842_m1; 
CXCL12, Hs_00171022_m1; CXCR4, Hs_00237052_m1; 
CXCR7, Hs_00664172_m1; CXCL16, Hs_00222859_m1; 
CXCR6, Hs_00174843_m1; CD163, Hs_00195682_m1; 
IL-10, Hs_00961619_m1; TGF-β1, Hs_00171257_m1; TNFα, 
Hs_00174128_m1; IL-1β, Hs_01555410_m1 and IL-6, 
Hs_00985639_m1; Applied Biosystems, Foster City, CA, 
USA), 10 µl of 2X TaqMan Universal PCR Master Mix and 
100 or 10 ng of cDNA template (diluted in RNase-free water to 
9 µl). After 2 min at 50˚C and 10 min at 95˚C, 40 cycles of 15 sec 
at 95˚C and 1 min at 60˚C were performed. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH, Hs99999905_m1; 
Applied Biosystems) mRNA was amplified in each sample as 
internal positive control. Each plate included at least three ‘no 
template controls (NTC)’. The reaction was carried out with 
the MyiQ™ Single-Color Real-time PCR Detection System 
(Bio-Rad, Munich, Germany) and fluorescence data were 
converted into CT measurements. ∆CT values of each sample 
were calculated as: CTgene of interest - CTGAPDH. Relative gene 
expression was calculated with 2(normalized CT non-stimulated - normalized 

CT stimulated) = n-fold of control. ∆CT = 3.33 corresponds to one 
order of magnitude. Low ∆CT values indicate high expression.

Results

TAM enrichment and characterization. To obtain further 
insight into the expression of M1- and M2-marker as well as 
chemokines and their receptors in human TAMs, we isolated 
this cell type from 20 different fresh solid human GBM 
samples using well-established CD11b MACS separation 
technology (11). As fresh human GBM samples were mostly 
of small size (max. 400 mg tumor weight), CD11b separation 
technology had to be performed in micro format and analytical 
methods were essentially limited to qPCR.

Fig. 1 shows qPCR results of enriched human TAM 
and non-TAM fractions measured for expression of the 
microglial/macrophage-specific molecule Iba-1. Iba-1 
mRNA expression differed only slightly between indi-
vidual TAM-enriched fractions (mean ∆CT value, 3.40), 
and was clearly detected at higher levels in TAM-enriched 
vs. non-TAM fractions (mean ∆CT value, 9.60). Since a ∆CT 
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difference of 3.33 corresponds to one order of magnitude, 
for Iba-1 a 75.0-fold higher expression in TAM-enriched vs. 
non-TAM fractions was measured (p<0.001), indicating an 
accurate isolation procedure.

We investigated the M1- and M2-marker expression profile 
of freshly isolated TAM-enriched fractions and observed 
that both M1- and M2-markers were detectable in TAMs 
but with different expression intensities (Fig. 2). Regarding 
M1-specific markers, IL-1β and TNFα were found at clearly 
lower levels in TAM-enriched fractions in relation to in vitro 
polarized M1-macrophages, whereas IL-6 mRNA was 
expressed in approximately similar amounts (Fig. 2, top). In 
detail, mean ∆CT value for IL-1β was 0.056 in TAMs (vs. -2.09 
in M1-polarized macrophages), mean ∆CT value for TNFα 
was 6.44 in TAMs (vs. 2.11 in M1-polarized macrophages), 
and mean ∆CT value for IL-6 was 4.78 in TAMs (vs. 4.14 in 
M1-polarized macrophages). Thus, the mean TAM-enriched 
fractions were characterized by a 4- and 20-fold lower expres-
sion of IL-1β and TNFα, respectively, but exhibited somewhat 
similar IL-6 expression amounts compared to M1-polarized 
macrophages.

For M2-specific markers, CD163 and TGFβ were tran-
scribed in lower amounts in TAM-enriched fractions in 
comparison to in vitro M2-polarized macrophages, whereas 
IL-10 showed somewhat similar transcription amounts in 
TAM-enriched fractions and M2-polarized macrophages 
(Fig. 2, bottom). In detail, mean ∆CT value for CD163 was 1.01 
in TAMs (vs. -2.60 in M2-polarized macrophages), mean ∆CT 
value for TGFβ was 3.08 in TAMs (vs. -0.52 in M2-polarized 
macrophages), and mean ∆CT value for IL-10 was 5.64 in 
TAMs (vs. 5.09 in M2-polarized macrophages). Thus, TAMs 
were characterized by a 12-fold lower mean expression of 
both CD163 and TGFβ, but nearly equal expression of IL-10 
compared to M2-polarized macrophages.

Chemokine expression profile of TAM-enriched fractions. The 
expression patterns of the two transmembrane chemokines 
CXCL16 and CX3CL1 with their corresponding receptors 

CXCR6 and CX3CR1 as well as the expression of CXCL12 
with both its known receptors CXCR4 and CXCR7 were 
determined in TAM-enriched fractions as well as M1- and 
M2-polarized macrophages (Fig. 3).

In general, all investigated chemokines and receptors 
were transcribed at moderate to high levels in TAM-enriched 
fractions (except for CXCR6) and M1-/M2-polarized macro-
phages (except for CX3CL1). Analysis of CXCL12 and its 
receptors CXCR4 and CXCR7 (left part of Fig. 3) revealed that 
CXCL12 transcription was ~48-fold higher in M2-polarized 
macrophages compared to M1-polarized macrophages (mean 
∆CT value, 1.75 vs. 7.34), and the mean transcription level 
of TAM-enriched fractions ranged between these two pure 
macrophage populations (mean ∆CT 5.58) with variations of 
the single preparations ranging from M2- to M1-macrophage 
levels. The receptors CXCR4 and CXCR7 were almost equally 
expressed in M1- and M2-macrophages [mean ∆CT values, 
4.19 and 2.68 (CXCR4), 5.86 and 6.31 (CXCR7)], and in 
TAM-enriched fractions CXCR4 was despite some outliers to 

Figure 1. Enrichment of tumor-associated macrophages/microglia (TAMs) 
from 20 fresh human glioblastoma samples. TAMs were enriched by MACS 
separation, and Iba-1 transcription was determined by quantitative RT-PCR. 
Iba-1 was significantly higher transcribed in TAM-enriched fractions com-
pared to the remaining non-TAM fractions (mean, 75-fold higher), with mean 
ΔCT values of 3.4 (TAM-enriched) and 9.63 (non-TAMs). Iba-1, ionized 
calcium-binding adapter molecule.

Figure 2. Transcription levels of M1- and M2-markers in TAM-enriched 
fractions. TAM-enriched fractions were analyzed by quantitative RT-PCR 
for transcription of M1- and M2-macrophage markers IL-1β, IL-6 and TNFα 
(M1), and CD163, IL-10, TGFβ (M2). All markers were transcribed at well 
detectable levels. In comparison to in vitro M1-polarized macrophages 
(by differentiation with GM-CSF) from healthy human donors, mean 
transcription of IL-1β and TNFα was significantly lower in TAM-enriched 
samples, whereas IL-6 transcription was almost similar. Regarding in vitro 
M2-polarized macrophages (by differentiation with M-CSF), CD163 and 
TGFβ expression were significantly lower in TAM-enriched samples while 
almost equally high transcription patterns were observed for IL-10. TAM, 
tumor-associated macrophages and microglia.
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higher values in this range (mean ∆CT value, 2.03), whereas 
mean CXCR7 expression (mean ∆CT value, 2.84) was ~10-fold 
higher compared to both M1- and M2-macrophages.

Regarding the expression of CXCL16 and CXCR6, 
M1- and M2-macrophages both exhibited a very high expres-
sion of CXCL16 (mean ∆CT values, -1.82 and -0.90), while 
TMA-enriched fractions showed ~5-10-fold lower levels 
(mean ∆CT value, 1.64). Markedly, this expression amount 
was even higher than expression levels in total GBM samples 
previously reported by Hattermann et al (13). In contrast, 
the corresponding receptor CXCR6 was rarely detectable in 
TAM-enriched fractions although it was present in all M1- and 
M2-polarized macrophage preparations (mean ∆CT values, 
6.64 and 8.36).

Although expression of CX3CL1, the ligand of CX3CR1, 
was quite low in M1-macrophages (mean ∆CT value, 11.80), and 
mostly absent in M2-macrophages, it was elevated (~17-fold 

compared to M1) in TAM-enriched fractions (mean ∆CT 
value, 7.70) but not as prominent as expression of CXCL12 and 
CXCL16 (as glioma cells highly produce both chemokines, this 
could, however, be caused by a certain contamination). The 
receptor CX3CR1 was almost similarly expressed in M1- and 
M2-polarized macrophages (mean ∆CT values, 9.19 and 8.74), 
and markedly higher (55- and 40-fold) in TAM-enriched frac-
tions (mean ∆CT value, 3.42).

In summary, as shown in Fig. 3, TAM-enriched fractions 
represent quite homogenous populations without consider-
able variations for the expression of CXCR7, CXCL16 and 
CXCR6, CX3CL1 and CX3CR1. In the case of CXCR7, 
CX3CL1 and CX3CR1, the mean expression levels were 
higher than those of M1- and M2-macrophages, while the 
expression of CXCL16 and CXCR6 was lower. For both 
CXCL12 and CXCR4, the transcription levels varied between 
expression amounts of M1- and M2-polarized macrophages 

Figure 3. Transcription levels of chemokines and their receptors in TAM-enriched fractions in comparison to M1- or M2-polarized macrophages. The 
chemokine CXCL12 was expressed at moderate levels in M1-polarized macrophages, but was ~10-fold higher in M2-polarized macrophages. The tran-
scription in TAM-enriched fractions showed considerable variation, between high mRNA levels comparable to M2-macrophages and moderate levels 
as in M1-macrophages. The expression of the two CXCL12 receptors, CXCR4 and CXCR7, was very similar in M1- and M2-polarized macrophages; in 
TAM-enriched samples, transcription of CXCR4 was comparable to both polarized macrophage subsets, but slightly elevated for CXCR7. In both in vitro 
polarized macrophages, expression of the chemokine CXCL16 was very high with only slight variations, also between M1- and M2-macrophages. In 
contrast, in enriched TAMs, CXCL16 expression was clearly lower, but still at high expression levels. The only known receptor for CXCL16, CXCR6 was 
expressed at moderate levels in polarized macrophages, but only rarely found in TAMs (7/20 samples). Expression of CX3CL1 (fractalkine) was low in 
M1-polarized macrophages, nearly absent in M2-polarized macrophages, but detectable in TAM-enriched fractions. In contrast, the fractalkine receptor 
CX3CR1 was moderately found in M1- and M2-polarized macrophages and even ~10-fold higher in TAM-enriched cell fractions. TAM, tumor-associated 
macrophages and microglia.
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(with some outliers for CXCR4 with very high expression 
levels) and displayed a very heterogeneous expression pattern 
with greater differences between single TAM-enriched 
fractions.

Discussion

Since tumor-associated macrophages and microglia (TAMs) 
create a microenvironment that favors glioma growth, an 
understanding of the molecular pathways and signaling 
molecules affecting gene expression which lead to the altered 
phenotype of glioma TAMs is of considerable importance. 
Thus, several investigations focused on the role of TAMs in 
gliomas and sought to elucidate exactly how the interplay 
between TAMs and tumor cells is regulated (4,22,23). It 
becomes clear that pro-tumor functions of TAMs are derived 
from their ability e.g. to regulate angiogenic programming 
and to provide soluble factors to malignant cells favoring 
proliferation, survival and invasion (23). Nevertheless, these 
diverse activities depend on the polarization state of TAMs 
that seems to be, beside others, regulated by cytokines and 
chemokines (23).

Chemokines are a family of peptide mediators that play 
essential roles in cellular migration and intercellular commu-
nication and were originally discovered as inducible cytokines 
facilitating the recruitment of specific leukocyte subsets. 
However, it is now well accepted that their role is not limited 
to inflammatory reactions, but extends to various other physi-
ological and pathophysiological responses (24,25). Chemokine 
and chemokine receptors are upregulated in a variety of 
human cancers suggesting that they play multifaceted roles 
in malignancy (26-29) and TAMs invasion and gene expres-
sion pattern is known to be clearly regulated by different 
chemokine/-receptors (11,30). Thus, here, we analyzed 
the expression of CXCL16, CXCR6, CX3CL1, CX3CR1, 
CXCL12, CXCR4 and CXCR7 in freshly isolated human 
GBM-associated macrophages/microglia and in in vitro gener-
ated M1- and M2-macrophages and related these results to the 
M1- and M2-marker expression profile of these different cell 
types.

Initially, we showed that freshly isolated TAMs of human 
GBMs were characterized by both M1- and M2-specific 
markers. In detail, in comparison to M1-polarized 
macrophages, TAMs showed reduced IL-1β and TNF-α 
expression, whereas IL-6 mRNA level was somewhat similar. 
Additionally, in relation to M2-polarized macrophages, 
CD163 and TGFβ were found in lower amounts, whereas 
IL-10 was expressed at the same levels. Therefore, it seems 
that GBM-associated macrophages/microglia share properties 
of both ‘end-differentiation-types’ of M1- and M2-polarized 
macrophages. These results are in accordance with previous 
findings demonstrating that TAMs summarize a number 
of functions rendered by M2-polarized macrophages such 
as tuning of inflammatory responses and adaptive angio-
genesis, tissue remodeling and repair and promoting of 
angiogenesis (31). Nevertheless, it was reported that TAMs 
also express IFN-inducible chemokines (32). As described by 
the authors themselves, a tight distinction between M1- and 
M2-macrophages does not fully represent the continuum of 
functional states that macrophages can express and is rather 

a simplified view (31). In this context, TAMs of GBM tissues 
seem to exhibit more functions of M2-polarized macrophages 
concomitantly preserving properties of M1-characteristics 
as has recently been shown by us for TAMs from pancreatic 
cancer patients (33).

Compared to M1- and M2-polarized macrophages, 
GBM-associated macrophages/microglia were characterized 
by a unique chemokine-specific profile. In detail, for CXCR7, 
CXCL16 and CXCR6 expression amounts of these chemokines 
were below those of M1- and M2-polarized macrophages; for 
CX3CL1 and CX3CR1 expression amounts found in TAMs 
were higher than those of different polarized macrophages; and 
for CXCL12 and CXCR4 expression amounts corresponded 
to those observed for M1- and M2-polarized macrophages. 
Collectively, CXCL16, CXCL12, CXCR4 and CXCR7 seem to 
be highly expressed, whereas CX3CL1, CX3CR1 and CXCR6 
were lower transcribed in all investigated macrophage popula-
tions.

Since chemokines play a pivotal role in tumor progres-
sion, not only in GBMs but also in many other tumor types, 
these results are notable. For example, it has been shown that 
TAMs could be recruited to tumor cells by the expression of 
CCL2/MCP-1, CCL57RANTES and CXCL1 as products of 
tumor or stromal cells (34-36). Especially for CCL2, the level 
of tumor-derived CCL2 correlates with amounts of TAMs 
in several types of adenocarcinoma (37,38). Additionally, 
it is well accepted that the chemokine ligand-receptor pair 
CXCL12/CXCR4 is implicated in neoangiogenesis (31,39), 
and CXCR4 is selectively upregulated in TAMs tumor and 
stromal cells (40). Moreover, TAMs can release chemokines 
that preferentially attract T cell subsets devoid of cytotoxic 
functions by release of, among others, CCL18, CCL17 and 
CCL22 (31,38,41). However, high levels of Th1 chemokines 
such as CXCL9 and CXCL10 are also expressed by TAMs 
which suggested deviation from the typical M2 features of 
TAMs (42,43).

For GBMs, we and others have shown that the chemokine/-
receptor pairs CXCL12/CXCR4/CXCR7, CXCL16/CXCR6 
and CX3CL1/CX3CR1 are clearly involved in tumor 
progression (11-15). Here, we showed that GBM-associated 
macrophages/microglia are also characterized by expression 
of these chemokine/-receptor pairs indicating a pivotal role of 
this expression profile in TAM biology in gliomas. This aspect 
becomes more important since a clear tumor-promoting role 
of TAMs in glioma progression has been demonstrated in a 
recent report by Pyonteck et al (44). Her group showed that the 
inhibition of the colony-stimulating factor-1 in a GBM model 
significantly increased survival and suppressed growth of 
established tumors. Moreover, under these conditions, expres-
sion of M2-markers decreased in TAMs, which is consistent 
with their impaired tumor-promoting functions. In line with 
these results, Pong et al (45) demonstrated that F11R expres-
sion, a microglia surface marker, correlates positively with 
glioma malignancy grade and negatively with patient survival 
independent of the GBM molecular subtype. Additionally, 
Ye et al (46) stated that tumor-associated microglia/macro-
phages enhance the invasion of glioma stem-like cells via the 
TGF-β1 signaling pathway.

In summary, TAMs are important mediators in glioma 
progression and one aspect of this progression is the chemokine 
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profile of these high malignant brain tumors. Here, we showed 
for the first time that freshly isolated human GBM-associated 
TAMs share properties of pro- and anti-inflammatory macro-
phages and are characterized by an abundant expression of the 
chemokines/-receptors CXCL12/CXCR4/CXCR7, CXCL16/
CXCR6 and CX3CL1/CX3CR1 underscoring the potential 
of these chemokines/-receptor pairs as possible therapeutic 
targets.
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