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Distribution and characterization of tumor-associated
macrophages/microglia in rat C6 glioma
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Abstract. Immunity responses and immunotherapy are
novel areas of research for the pathological development and
treatment of glioma, the most common brain cancer. Charac-
terization of the subpopulations of infiltrated immune cells
may aid in our understanding of the tumor immune response
and contribute to the identification of cellular targets for
selective immunotherapy. Using a rat C6 glioma model, the
present study observed a significant heterogeneity of active
macrophages and microglia, including cluster of differentia-
tion 8 (CD8)*, endothelial monocyte-activating polypeptide II
(EMAPII)* and EDI* cells, mostly in the areas of compact
tumor growth and inside or around the pannecrosis. Moreover,
the CD8* cells were similar to reactive ED1* and EMAPII*
microglia/macrophages in morphology and distribution, but
different from the W3/13* T cells. These observations suggest
that different subtypes of macrophages and microglia are
involved in glioma development and thus, may be potential
targets for immunotherapeutic antitumor strategies.

Introduction

Glioma, which occurs in the central nervous system (CNS),
is the most common primary malignant tumor, with an unac-
ceptably poor prognosis despite the application of a variety
of treatments, including surgery, radiotherapy and chemo-
therapy (1). In recent years, accumulated data have established
that the immune network may be involved in regulating
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glioma development and growth (2). Moreover, tumor cells
have been killed following direct immunization experiments
using vaccines in mice, indicating its role in specific protective
immunity and tumor destruction mediated by immune cells,
such as microglia/macrophages (3). These immunotherapies
exert a highly specific, long-term fatal effect on tumor cells
by stimulating and supplementing the body's antitumor immu-
nity (4,5), with only minimal adverse reactions (6). However,
in the past decade, the main debate has focused on whether
immunity exhibits an antitumor role in the CNS or functions
as a tumor growth promoter (7). Additionally, the functions
and mechanism of different immune cells in glioma require
further investigation.

Various pathological stimuli, including brain injury (8),
neurodegeneration (9), infection, inflammation (10) and
brain tumors (11), can activate brain macrophages/microglia.
It has been observed that in CNS tumors, activated
microglia/macrophages can engulf tissue debris and secrete
growth-promoting factors, leading to regeneration (12). By
contrast, the overactivation of microglia/macrophages will
lead to tissue damage in the CNS (13). Following activation,
microglia/macrophages change their morphology, upregulate
the expression of certain membrane proteins and produce
certain cytokines, resulting in inflammation and tissue loss (14).
The contrast in roles played by activated microglia/macro-
phages may be due to the existence of different subpopulations
of microglia/macrophages (15).

Endothelial monocyte-activating polypeptide Il (EMAPIIT)*
macrophages secrete proinflammatory and antiangiogenic
cytokine in the parenchyma of the CNS, stimulate the accu-
mulation and cytokine production of macrophages, and trigger
the apoptosis of endothelial cells (16). Increased EMAPII
expression is considered to be a sensitive marker of neurotoxic
lesions in rat brains (17). ED1, which is mainly found in phago-
cytosing macrophages and reactive microglia, is a lysosomal
membrane protein. Macrophages with EDI1 can be observed
in the majority of brain tumors, as well as in gliomas (18).
Cluster of differentiation 8 (CD8) was traditionally recognized
as a marker that is mainly expressed in cytotoxic T cells and
natural killer cells (19). More recently, studies have reported
the accumulation of CD8* macrophages in various CNS
pathologies, such as ischemia, Wallerian degeneration and
spinal cord injury (19,20). CD8* cells, no matter whether
lymphocytes or macrophages, may have important distinctive
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functions in glioma. However, information on the role played
by different subsets of macrophages/microglia in glioma is
relatively lacking.

Further understanding of immune-tumor interactions will
benefit tumor therapies. Moreover, it has been demonstrated
that microglial cells are found in necrotic and intact areas of
brain tumor tissues (21). Thus, in the present study, multiple
antigens were used to study the distribution and character-
istics of tumor-associated macrophages/microglia in rat C6
glioma.

Materials and methods

Rat brain tissue libraries. The C6 glioma cell-induced rat
brain tissue was a gift from Professor Hermann J. Schluesener
(Institute of Brain Research, Tiibingen University, Tiibingen,
Germany). The C6 glioma cells were injected into the brains
of Sprague-Dawley rats, as previously reported (22).

Immunohistochemistry. Brain sections were dewaxed
and then boiled for 15 min in citrate buffer (2.1 g sodium
citrate/l; pH 6) in a 600-W microwave oven. 1% H,O, in
pure methanol was used to inhibit endogenous peroxidase
activity for 15 min. Following blocking with 10% normal pig
serum (Biochrom, Berlin, Germany) for 15 min, the rat brain
sections (0.5 ym) were incubated with the following mouse
monoclonal antibodies overnight at 4°C: OX8 (1:100; AbD
Serotec, Oxford, UK), ED1 (1:100; AbD Serotec), EMAPII
(1:100; BMA Biomedicals, Augst, Switzerland), W3/13
(1:100; AbD Serotec), OX6 (1:100; AbD Serotec), OX62
(1:50; AbD Serotec) or OX22 (1:100; AbD Serotec). Subse-
quently, the sections were incubated with biotinylated swine
anti-rabbit (DAKO, Hamburg, Germany) immunoglobulin
(Ig)G F(ab)2 antibody fragment or a biotinylated rabbit
anti-mouse IgG F(ab)2 antibody fragment (Dako, Hamburg,
Germany). Following washing with phosphate-buffered
saline with Tween 20 (Beijing SHX Biotechnology
Co., Ltd., Beijing, China) and further incubation with a
Streptavidin-Avidin-Biotin complex (Dako) for 30 min
at room temperature, the sections were developed with
diaminobenzidine substrate (Fluka, Neu-Ulm, Germany) for
visualization. Finally, the tissue sections were counterstained
with hematoxylin. With regard to the negative controls, the
primary antibodies were omitted. Hematoxylin and eosin
staining was additionally applied to evaluate the lesions of
the brain trauma sections.

Light microscopic examination of immunostained brain
sections. The immunostaining was examined and the numbers
of positive cells at the brain tumor areas were quantified. For
each section, the numbers of OX8*, ED1*, EMAPII* or W3/13*
cells were counted in 5 non-overlapping high-power fields
(HPF; x400 magnification). Areas around the pannecrotic
border that had a maximum number of positive cells were used
as the selected HPF. Only positive cells with the nucleus at
the focal plane were counted, while positive perivascular cells
were not counted in each field studied. Counting was performed
by individuals who were blinded to the treatment. The results
of the numbers of positive cells per HPF are presented as the
arithmetic mean + standard error of the mean.
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Statistical analysis. Graph Pad Prism 4.0 (GraphPad Software,
Inc., La Jolla, CA, USA) was used for the statistical analysis.
In-group and between-group differences were studied by
one-way analysis of variance followed by Dunnett's multiple
comparisons test. P<0.05 was used to indicate a statistically
significant difference.

Results

Activated microglia/lmacrophage accumulation in brains
of the rat C6 glioma model. The infiltration of reactive
microglia/macrophages was analyzed in rat C6 gliomas in this
study by immunohistochemistry with the antibodies ED1 and
EMAPII. The EDI antibody stains CD68, which is mainly found
in phagocytosing macrophages and reactive microglia (23). The
upregulated expression of CD68 usually indicates an increase in
phagocytical activity of the marked cells. In the C6 gliomas, little
infiltration of EDI* cells was observed in the areas of infiltrated
tumor growth (Fig. 1A). Slight accumulation of ED1* cells was
observed in the border areas (Fig. 1A), while relatively strong
infiltration was detected inside the areas of pannecrosis (Fig. 1B)
and in the areas of compact tumor growth (Fig. 1A and C).

EMAPII, which is expressed by activated microg-
lial/macrophages in the CNS parenchyma, is a proinflammatory
cytokine (16). The expression of EMAPII is considered a sensi-
tive marker of microglia activation. In the present study, similar
to EDI1 staining, an accumulation of EMAPII* cells was
observed in the C6 tumor areas (Fig. 1D and F). However, the
number of EMAPII* cells was greater than that of the ED1*
cells, and the EMAPII* cells were located more at the borders of
the pannecrosis rather than inside (Fig. 1E).

Single immunohistochemical staining of CDS in brains of the
rat C6 glioma model. Next, CD8 expression was detected in
the rat C6 glioma brains by immunohistochemistry. Little CD8
expression was observed in the areas of infiltrating tumor growth
(Fig. 2A). Slight infiltration of CD8* cells was observed in the
border areas (Fig. 2A), while a relatively strong accumulation
was detected in areas of compact tumor growth (Fig. 2A and C).
Moreover, the accumulation of CD8* cells in perivasculature
areas was observed (Fig. 2D). Furthermore, a strong infiltration
of CD8" cells was observed in areas of compact tumor growth
and at the edge of the pannecrosis (Fig. 2B). However, inside
the pannecrosis areas (Fig. 2B) and in normal neuronal areas
(Fig. 2E), much fewer CDS8* cells were observed. Morphologi-
cally, the majority of the accumulated CD8* cells were similar
to macrophage phenotypes, with amoeboid morphological
characteristics (Fig. 2C).

EDI and EMAPII label activated microglia/macrophages,
and in the present study, the time course of accumulation, the
morphology and the distribution of CD8* cells were similar
to those of the EDI* and EMAPII* cells. Similar to the
majority of ED1* and EMAPII* cells, the CD8* cells showed
amoeboid morphological characteristics in the pannecrosis
(Figs. 1C, 1F, 2C and 2D). Moreover, the time course of CD8*
cell infiltration in the tumor areas was parallel to that of the
ED1* and EMAPII* cells. In addition, the ED1* and EMAPII*
cells were located inside (Fig. 2B) and at the border (Fig. 2E)
of pannecrosis areas, which was similar for the CD8* cells
(Fig. 2B-D).
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Figure 1. Immunohistochemical labelling of ED1 and endothelial monocyte-activating polypeptide II (EMAPII) in the areas of (A and D) the tumor border,
(B and E) pannecrosis and (C and F) compact tumor growth. (A) ED1" and (D) EMAPII" cells were detected in the areas of compact tumor growth and seldomly
observed in the areas of tumor infiltration; (A) and (D) show both compact glioma and tumor infiltration areas. (B) Several ED1* cells were also observed in
the pannecrosis, (C) just like the relative strong recruitment of ED1* cells in areas of the compact tumor growth, while EMAPII* cells were observed in (F) the

areas of compact tumor growth and (E) only in the borders of the pannecrosis.

Figure 2. Immunohistochemical labelling of OX8 and W3/13 in (A and D) the areas of the tumor border, (B and E) pannecrosis and (C and F) compact tumor
growth, in the rat C6 glioma brains. Immunostaining of brain coronal section showed a decreased density of OX8" cells in areas of tumor infiltration compared
with areas of compact tumor growth; (A) and (D) show both compact glioma and tumor infiltration areas. (B) In the border of the pannecrosis, a strong
accumulation of OX8" cells was observed. (C) The OX8" cells were mostly located in the areas of tumor growth. However, the infiltration of several W3/13*
cells could be detected (D) in the borders and (F) a few in areas of compact tumor growth. (E) The cells were widely observed in the areas of the pannecrosis.

T cells accumulation in the brains of the rat C6 glioma model.
Since CD8" is traditionally observed in T cells, the present
study further detected T cell accumulation in the rat C6 gliomas
using a pan-T-cell marker, W3/13. In contrast to the CD8* cells
(Figs. 1A, 1D and 2A), the infiltration of the W3/13* cells was only
seldomly observed in the borders of the compact tumor growth
areas (Fig. 2A). Furthermore, the W3/13" cells exhibited smaller
cell bodies (Fig. 2C) compared with the CD8* cells (Fig. 2C).
Therefore, the time course of accumulation, morphology and
distribution all suggested that the major cellular source of CD8
was reactive macrophages/microglia, but not T cells.

Discussion

In the present study, the early accumulation, distribution and
characteristics of CD8*, ED1*, EMAPII* and W3/13* cells in
rat C6 glioma brains were analyzed. Significant ED1* cell
accumulation was observed mostly located to areas of compact
tumor growth and notably distributed inside the pannecrosis.
EMAPII* cell accumulation was also detected mainly in the
areas of compact tumor growth, but only at the borders of the
pannecrosis. It is noteworthy that the morphology and distri-
bution of the CD8* cells were similar to those of the reactive
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EDI1* and EMAPII" macrophages and microglia. However,
the morphology and localization of the CD8* cells were
different from those of the few infiltrating W3/13* T cells.
These results were expected as they were the same as those
found previously (24). Thus, this observation means that it is
reasonable to speculate that the CD8* cells were also ED1* and
EMAPII" macrophages/microglia. The heterogeneity of acti-
vated macrophages and microglia in rat C6 gliomas represent
diverse subpopulations with different but relative functions,
which may play a crucial role in the growth of glioma.

EMAPII is a well-known proinflammatory and anti-
angiogenic cytokine, which is expressed by activated
macrophages/microglia in the parenchyma of the CNS (16).
The pathophysiological expression of EMAPII induces the
infiltration and activation of macrophages and endothelial
apoptosis (16). Increased EMAPII expression is regarded as
a sensitive marker of neurotoxic lesions in the rat brain (17).
EDI1 is an indication of activated macrophages expressed
in the majority of tumor-associated macrophages (25). The
detection of these two subsets may indicate a positive role in
the formation of necrosis.

CDS8 has been classically viewed as a marker of a certain
subpopulation of lymphocytes (19). More recently, the accu-
mulation of CD8* macrophages has been observed in several
pathologies of the CNS, such as ischemia (26), Wallerian
degeneration (27), experimental autoimmune encephalomy-
elitis (26), bornavirus encephalitis (28), spinal cord injury (20)
and glomerulonephritis (29). In the present study, nearly all
CDS8* cells shared a similar morphology and distribution with
reactive EDI* and EMAPII" macrophages and/or microglia,
but were not similar to the few infiltrating W3/13* T cells.
This similar morphology and distribution of reactive CD8*,
EDI* and EMAPII* cells suggests that the observed reactive
microglia/macrophages were CD8*. Moreover, the presum-
able CD8* macrophages/microglia were mainly observed in
areas of the compact tumor growth and concentrated at the
boundary of the pannecrosis. The presumable CD8* macro-
phages/microglia have been observed to be limited to regions
of cavitation lesions following cerebral ischemia (26) and
spinal cord injury (20). The restricted distribution arrange-
ment of CD8" phagocytes in rat C6 glioma indicates a crucial
role in regulating responses in tumor necrosis.

The contributions of the CD8" microglia/macrophages to
the development of CNS damage are not fully understood. In
alveolar macrophages, the ligation of CD8 molecules resulted
in the production of the inducible nitric oxide synthase, nitric
oxide, tumor necrosis factor (TNF)-a and interleukin-13, and
enhanced the cytotoxicity to Leishmania major (30). Further-
more, the infiltration of CD8" microglia/macrophages was
mainly located to severe inflammatory destruction tissue in
experimental autoimmune encephalomyelitis, suggesting their
contribution to the pathological process (26).

In a more traditional view, OX8 is the marker of a subtype
of activated T cells, which can also be observed in glioma (24).
In the present study, the observation of W3/13* cells confirmed
the existence of T cells in glioma, which was in accordance
with the results of other studies (24,31). It has been shown that
peripheral blood-derived CD4* and CD8* T cells may mediate
the cytotoxicity of human gliomas via a mechanism indepen-
dent of TNF in vitro (31). The observation of T cells inside
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the necrosis area in the present study suggests its role in the
induction of necrosis. However, OX8 showed neither a similar
distribution nor morphology to the detected W3/13" cells. This
may be attributed to the time course of the innate and adaptive
immune reaction. Further study is required to find the under-
ling mechanism.

In summary, in the present study, the early accumulation of
diverse subsets of activated macrophages/microglia, including
reactive ED1* and EMAPII* cells, was observed in rat C6
gliomas. Notably, the CD8* cells shared a similar distribution
and morphology with these two subpopulations rather than the
W3/13* T cells. The abundance of this subpopulation and their
strategic location highlights the possible comprehensive roles
of these cells in glioma development, and the orchestration
of active macrophages could be a potential research area for
studying the development of immunotherapeutic antitumor
agents in glioma.
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