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Macrophages are classified into two phenotypes, M1 and M2, based on their roles. M2 
macrophages suppress inflammation and increase in proportion to the malignancy of brain 
tumors. Recently, macrophage extracellular traps (METs), which change into a network, 
have been reported as a unique form of macrophage cell death. In this study, immunohisto-
chemical analysis of macrophages in METs in human glioblastoma was performed. To distin-
guish between M1 and M2 macrophages, multiple immunostainings with Iba1 combined with 
CD163 or CD204 were performed. M2 macrophages were present in small amounts in nor-
mal and borderline areas but showed an increasing trend as they shifted to tumor areas, and 
most of them were the activated- or phagocytic-type. We also successfully detected METs 
coexisting with fibrin and lactoferrin near the border between the tumor and necrotic area. 
M2 macrophages not only suppressed inflammation but also were involved in the formation 
of METs. This study found that M2 macrophages play various roles in unstable situations.

Key words: M1 and M2 macrophage, microglia, glioblastoma, macrophage extracellular 
traps (METs)

I. Introduction
Macrophages are classified into two phenotypes, 

namely, M1 macrophages, the proinflammatory, and M2 
macrophages, the anti-inflammatory, and switch between 
the two states depending on environmental factors at the 
site [10, 11, 19]. M1 macrophages are activated by IFN-γ 
and produced proinflammatory cytokines to kill bacteria, 
whereas M2 macrophages are involved in the production of 
various angiogenic and anti-inflammatory factors, such as 
IL-10, TGF-β, and prostaglandin E2, and the promotion of 
regulatory T-cell infiltration [32]. Several markers, have 
been used to detect macrophages immunohistochemically, 
and some studies reportedly detected M1 and M2 macro-

Correspondence to: Tetsuya Tsukamoto, Department of Diagnostic 
Pathology, Fujita Health University Graduate School of Medicine, 1–98 
Dengakugakubo, Kutsukake-cho, Toyoake, Aichi 470–1192, Japan. 
E-mail: ttsukamt@fujita-hu.ac.jp

phage systems. However, M1 and M2 macrophages cannot 
be differentiated clearly [2, 5, 14, 16, 18, 19, 25, 28, 30].

Microglia, which have phagocytic functions, are 
present in the brain and are referred to as “brain 
macrophages.” They are known to change their shape into 
three types depending on their active state: ramified-, 
activated-, and phagocytic-type [22, 30]. In the normal 
state, ramified-type microglia were the most common, with 
small, branched, elongated dendrites and little cytoplasm. 
In the case of a disease condition, the shape of 
macrophages changes from the ramified-type to activated-
type with residual dendrites and phagocytic-type 
macrophages that are round and lost their dendrites [30]. 
Thus, macrophages change their form and function in 
response to the environment and function as sensors that 
reflect the biological condition in real-time.

The number of newly diagnosed glioma cases in Japan 
is approximately 4,000–5,000 per year, the most frequently 
diagnosed malignant brain tumor, accounting for about 
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30% of all cases [29]. Glioblastoma, a tumor classified as 
grade IV and the most common malignant tumor in the 
World Health Organization classification, has an extremely 
poor prognosis, usually resulting in death within 2 years. 
Treating it with surgical resection alone is difficult due to 
the nature of tumor cells invading the normal brain, and 
thus, the treatment is combined with radiotherapy and 
chemotherapy.

Recently, M2 macrophages have been reported to 
increase in proportion to the malignancy of glioma, and M2 
macrophage infiltration has been shown as an indicator of 
malignancy [32]. It has been demonstrated in vitro that 
repolarization of M2 macrophages and conversion to M1 
macrophages can suppress cancer progression [6, 11, 15, 
16, 21, 23, 36].

In 2004, neutrophil extracellular traps (NETs) were 
discovered, in which neutrophils sacrifice their cells and 
transform into a network to capture extracellular foreign 
substances [3]. NETs not only kill the captured foreign sub-
stances through antimicrobial granules but also promote 
phagocytosis through neutrophils and macrophages. This 
phenomenon has been defined as “NETosis,” a cell death 
unique for neutrophils that is neither apoptosis nor necrosis. 
Recently, macrophage extracellular traps (METs), which 
cause similar cell death in macrophages, have been 
reported [1, 12]. They are involved in some diseases. How-
ever, many unknowns remain, especially on the association 
of NETs and METs with malignant tumors, which have 
rarely been analyzed in detail [1, 8, 17, 20, 24, 35].

In this study, a detection system was established to dif-
ferentiate M1 and M2 macrophages in glioblastoma using 
immunohistochemical techniques. Further, the detection 
system was used to morphologically analyze the location 
and shape changes in each region of microglia and 
macrophages in glioblastoma. Finally, immunohistochemi-
cal analysis using various NETs and METs markers was 

performed to confirm whether NETs and METs are 
involved in glioblastoma or not.

II. Materials and Methods
Case selection

Fifteen formalin-fixed paraffin-embedded blocks of 
glioblastoma surgically removed at Fujita Medical Univer-
sity Hospital from 2016 to 2019 were used in this study. 
The Research Ethics Review Committee of Fujita Medical 
University approved the use of the clinical samples for this 
study (No. CI20-086).

Immunostaining for macrophage subclassification
Primary antibodies are listed in Table 1. Xylene and 

alcohol were used to deparaffinize and hydrophilize thinly 
sliced formalin-fixed paraffin sections. Endogenous peroxi-
dase activity was blocked in methanol with 0.03% hydro-
gen peroxide for 30 min at room temperature. Primary 
antibodies were allowed to react overnight at room temper-
ature after antigen retrieval. An amino acid polymer 
reagent (Histone Simple Stain MAX-PO: Nichirei) reacted 
for 30 min at room temperature. The antibody was 
colorized with 3,3'-diaminobenzidine tetrahydrochloride 
(Dako, Redox, Romania: DAB). Nuclear staining was per-
formed using Mayer’s hematoxylin.

For immune-multiplex staining, a cocktail of primary 
antibodies, anti-Iba1, and anti-CD163 antibodies, was 
reacted overnight at room temperature. As secondary anti-
bodies, anti-mouse IgG antibody (Histofine Simple Stain 
MAX-PO(M): Nichirei) and anti-rabbit IgG antibody 
(Histofine Simple Stain AP(R): Nichirei) were reacted for 
30 min at room temperature. Nuclear staining was per-
formed using the nuclear fast red. For fluorescence multi-
plex staining, a cocktail of primary antibodies, anti-Cit-H3, 
and anti-CD204 antibodies, was also reacted overnight. 

Table 1. Primary antibodies 

Name Clone Make Dilution Antigen retrieval

Pan Macrophage
 CD68 KP1 Dako 400 20 mg/ml proteinase K solution room temperature
 Iba1 (Ionized Calcium Binding Adaptor 
 Molecule 1)

— Wako 2,000 1 mM EDTA solution (pH 8.0) pressure cooker

M1 Macrophage
 CD80 EPR1157 (2) Abcam 2,000 10 mM citrate buffer solution (pH 6.0) pressure cooker
M2 Macrophage
 CD163 10D6 Abcam 100 10 mM citrate buffer solution (pH 6.0) pressure cooker
 CD204 SRA-E5 Trans Genic Inc 2,000 1 mM EDTA solution (pH 8.0) pressure cooker
Neutrophil
 NE (neutrophil elastase) — Abcam 2,000 10 mM citrate buffer solution (pH 6.0) pressure cooker
 MPO (Myeloperoxidase) — Dako 10,000
 Lactoferrin — Gen Way 300 10 mM citrate buffer solution (pH 6.0) pressure cooker
Ets
 Cit-H3 (Citrullinated Histone H3) — Abcam 900 10 mM citrate buffer solution (pH 6.0) pressure cooker
Others
 FGG (Fibrinogen Gamma chain) 1F2 Abnova 2,000 10 mM citrate buffer solution (pH 6.0) pressure cooker
 CD31 1A10 Novocastra 100 10 mM citrate buffer solution (pH 6.0) pressure cooker

112 Michiba et al.



Secondary antibodies cocktail with Alexa Fluor 568-
conjugated anti-mouse IgG antibody (diluted 300-fold, 
Thermo Fisher Scientific) and Alexa Fluor 488-conjugated 
anti-rabbit IgG antibody (diluted 300-fold, Thermo Fisher 
Scientific) were combined and added with DNA 4',6-
diamidino-2-phenylindole (diluted 1,000-fold, Thermo 
Fisher Scientific: DAPI) and reacted for 30 min.

Classification of macrophages in regions
Three reagions were identified: normal area, boundary 

area (boundary between massive tumor and areas of low 
cell density), and tumor area contained in the same section. 
Tumor area were futher classified into three: around the 
normal blood vessels, tumor infiltration sites, and pali-
sading necrosis. These five regions were used for the 
experiment.

Hemotoxylin and eosin (HE) stained and immuno-
multiplexed specimens were used to take 20 images in 
each region (5 in all) with an upright microscope (Axio 
Imager 2, Carl Zeiss) at 400×. The ratio of M1 macro-
phages (positive only for Iba1) and M2 macrophages 
(positive for both Iba1 and CD163) were measured. The 
shape of macrophages was classified into three types: 
ramified-, activated-, and phagocytic-type, as reported by 
Sasaki [30]. Statistical analysis using the Chi-squared test 
(χ-square test) was used to compare the distribution and 
shape changes of macrophages by region.

III. Results
Examination of macrophage markers

Immunostaining results in glioblastoma showed that 
Iba1, CD163, and CD204 were expressed to the same 
extent (Fig. 1b, d, e), whereas CD80 was weakly positive 
and difficult to determine (Fig. 1c). These results indicate 
that Iba1, CD163, and CD204 are useful as macrophage 
markers.

Macrophage subclassification
In immune-multiplex staining, cells positive only for 

Iba1 were classified as M1 macrophages (Fig. 2a), and cells 
positive for Iba1 and CD163 were classified as M2 
macrophages (Fig. 2b). No cells were positive for CD163 
only. Macrophages were successfully classified into three 
shapes according to the presence or absence of dendrites 
and the size of the spores. Ramified-type macrophages had 
small spores and elongated dendrites (Fig. 2c). Activated-
type macrophages were characterized by higher cell vol-
ume and shortened dendrites (Fig. 2d). Phagocytic-type 
macrophages completely lost their dendrites and had 
rounder cells than activated-type macrophages (Fig. 2e). 
Next, normal, boundary, and tumor areas were identified on 
HE-stained and immune-multiplexed specimens (Fig. 3). 
The boundary area, which is boundary between massive 
tumor and areas of low cell density (Fig. 3c, d). The tumor 
area focused on around the normal blood vessels (Fig. 3e, 
f), tumor infiltrates (Fig. 3g, h), and palisading necroses 
(Fig. 3i, j). Palisading necrosis refers to the area where 
tumor cells surround the necrosis and are arranged in a 
fence-like pattern. Macrophage subclassification in each 
region is shown in Figure 4. M1 macrophages were signifi-
cant in normal and borderline areas, whereas M2 
macrophages were significant in tumor areas (p < 0.05) 
(Fig. 4a).

Ramified-type macrophages were significantly more 
abundant in normal areas than in border and tumor areas.

Immunohistochemical detection of NETs and METs
Reticular structures were identified near the border 

between the tumor and necrotic area in 2 of 16 cases (Fig. 
5a, b). Tumor cells surrounded the necrosis in this area as 
in palisading necrosis. However, the tumor cells were not 
arranged in a fence-like pattern, and the necrosis was larger 
than in palisading necrosis. Therefore, it is considered to be 
the area that does not fit into any of the categories in Fig. 3. 

Immunostaining images using macrophage markers in glioblastoma. HE (a), Iba1 (b), CD80 (c), CD163 (d), CD204 (e). Iba1, CD163, and 
CD204 were positive for macrophages (c, e, f), whereas CD80 was weakly positive (b, d). Original magnification 400× (a–f).

Fig. 1. 
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Immunohistochemical staining in reticular formations is 
used to determine METs if Cit-H3 and macrophage markers 
are positive, and NETs if Cit-H3 and neutrophil markers are 
positive. Cit-H3 is a marker that detects histone proteins in 
nuclear components. The reticular formation we found in 
this study was positive for M2 macrophage markers CD163 
and CD204, in addition for Cit-H3 (Fig. 5c–e). MPO and 
NE, the granule components of neutrophils, were both neg-
ative (Fig. 5f, g). Therefore, we concluded that the reticular 
formation we found in this study was METs. Furthermore, 
lactoferrin and FGG positively agree with the reticular 
structures (Fig. 5h, i). Because CD204 was more clearly 
expressed than CD163, CD204 was used in the fluores-

cence multiplex staining. Fluorescence multiplex staining 
for CD204, Cit-H3, and DAPI was shown (Fig. 5j–m). The 
nuclear components Cit-H3 and DAPI positively agreed 
with reticular structures, and CD204 was observed in the 
granular form attached to the reticular structures.

IV. Discussion
M2 macrophages are some of the aggravating factors 

in the tumor microenvironment, suppressing the inflamma-
tion and contributing to tumor growth, and have attracted 
much attention from the viewpoint of new cancer therapies. 
Although various macrophage markers have been used to 

Classification of macrophage types and shapes by immune-multiplex staining. The distinction between M1 and M2 macrophages using immune-
multiplex staining. M1 macrophages were positive for Iba1 in dendrites (a), and M2 macrophages were positive for Iba1 in dendrites and CD163 in the 
cytoplasm (b). Ramified-type macrophages were small and had long dendrites (c). Activated-type macrophages had higher cell volume and shorter 
dendrites (d). Phagocytic-type macrophages lost their dendrites and became rounder than activated-type macrophages (e). Iba1: blue, CD163: brown. 
Original magnification 1000× (a, b).

Fig. 2. 

Comparison between regions by HE staining and immune-multiplex staining. HE staining and immune-multiplex staining for Iba1 and CD163 
were used to compare morphological features between regions. In the normal area, ramified-type M1 macrophages were observed sporadically (b). In 
the boundary area, a few activated- and phagocytic-type M1 macrophages were found in the periphery (d). In the tumor area, activated- and phagocytic-
type M2 macrophages were predominantly observed (f, h, j).

Fig. 3. 
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differentiate M1 and M2 macrophages, a detection system 
that can reliably differentiate them has not yet been estab-
lished. In particular, selecting M1 macrophage markers is 
extremely difficult, a major problem that prevents the dif-
ferentiation of M1 and M2 macrophages. In this study, 
Iba1, CD163, or CD204 was demonstrated to be useful for 
detecting macrophages in glioblastoma (Fig. 1c, e, f). Iba1 
was positive for both macrophages and microglia in brain 
tissues, reconfirming its position as a pan-macrophage 
marker. M2 macrophage markers, CD163 and CD204, 
showed clear positive signals, whereas CD80, expected to 

be an M1 macrophage marker, failed to capture a positive 
signal in any cases and did not provide a fundamental solu-
tion (Fig. 1d). The method that differentiates M1 and M2 
macrophages found in this study is immune-multiplex 
staining with Iba1 combined with CD163 or CD204 (Fig. 
2). In other words, Iba1-positive and CD163- or CD204-
negative can be regarded as M1 macrophages, and Iba1-
positive and CD163- or CD204-positive as M2 
macrophages. Since no Iba1-negative CD163 or CD204 
positive pattern was observed, the two can be reliably dif-
ferentiated using Iba1 as the main marker combined with 

Graphs showing the percentage of M1 and M2 macrophages and the shape classification of macrophages in each region. M1 macrophages were 
predominant in normal and boundary areas, whereas M2 macrophages were predominantly present in the tumor areas. More activated- and phagocytic-
type macrophages were found in the boundary and tumor areas compared to normal areas (*: p < 0.05).

Fig. 4. 
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M2 macrophage markers. Regarding the M1 and M2 
macrophage ratio in each region of glioblastoma, most 
macrophages infiltrating the normal and borderline regions 
were M1 macrophages, whereas M2 macrophages were 
abundant in the tumor region (Fig. 4a). M2 macrophages 
showed an increasing trend as the tumor shifted from its 
normal appearance, proving once again that they are 
involved in tumor invasion.

Fourteen of the 15 cases were primary cases and one 
was a relapsed case. The percentage of M2 macrophages in 
the relapsed cases is shown below. The figures in parenthe-
ses indicate the mean percentage of M2 macrophages in all 
cases. Normal area 0% (0.9%), boundary area 0% (13.4%), 
around the normal blood vessels 59.8% (85.6%), tumor 
infiltration sites 80% (86.9%), Palisading necrosis was 
unclear and not measured. Compared to the overall popula-
tion, relapsed cases generally had a lower percentage of M2 
macrophages. However, since there was only one relapsed 
case, it was not possible to fully examine the results, and 
the significance of this result was determined to be unclear. 
Comparative study of primary and relapsed cases will be a 
future issue.

Conversely, the shape classification of each region 
revealed ramified-type as the most common in the normal 
area, whereas activated-type macrophages such as the 
activated- and phagocytic-types were more common in the 
boundary and tumor area (Fig. 4b). Although M2 

macrophage infiltration in glioblastoma has already been 
reported, this study successfully established a method to 
differentiate M1 from M2 macrophages and to morphologi-
cally capture the active state of macrophages simultane-
ously. This method is useful for studies using clinical 
materials of brain tumors and is a versatile immunohisto-
chemical technique that does not require special equipment.

METs are a form of cell death similar to NETs. The 
mechanisms of NETs and METs formation are described 
below. First, neutrophils and macrophages are activated by 
bacterial or other stimuli, disrupting the nuclear membrane. 
During nuclear membrane disruption, arginine in histone 
H3 is converted to citrulline through the action of peptidyl 
arginine deiminase 4 (PAD4), a nuclear protein citrullinat-
ing enzyme. This citrullination weakens the binding of his-
tone H3 to DNA and causes chromatin to become fibrous. 
The nuclear component containing the citrullinated histone 
H3 spreads throughout the cytoplasm and fuses with the 
cytoplasmic component. Finally, they are morphed into 
reticular structures and extracellularly released to form 
NETs or METs [9, 26, 27, 34]. In the current study, M2 
macrophage-derived METs were found near the border 
between the tumor and necrotic areas in two of 15 glioblas-
tomas (Fig. 5). In our previous studies, neutrophil-derived 
NETs were involved in many inflammatory diseases and 
tumors [31]. Unlike neutrophils, macrophages can divide 
and proliferate at the site of infiltration, have a long life-

Reticular structures and immunohistochemical analysis of METs in glioblastoma. Reticular structures were observed at the border between the 
tumor (*) and necrotic areas (**) (a). Enlarged views of the reticular structures were shown in (b–m). Immunohistochemically, the reticular structures 
were positive for CD163 (c), CD204 (d) and Cit-H3 (e), and negative for MPO (f) and NE (g). Lactoferrin (h) and FGG (i) were also positive. 
Fluorescence multiplex stainings for METs detection were shown in (j–m). Cit-H3 (j) and DAPI (k) were positive for reticular structures. CD204 (l) 
was observed in the granular form, and attached to the reticular structures (m) (merge). Original magnification 200× (a), 400× (b–i) and 630× (j–m).

Fig. 5. 
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span, and have a high phagocytic capacity, suggesting that 
the frequency of METs formation is localized. Xu et al. 
claimed that immunohistochemical analysis of patients with 
non-functioning pancreatic neuroendocrine tumors showed 
that patients with high levels of tumor-infiltrating neu-
trophils or macrophages or positive NETs or METs expres-
sions, had worse recurrence-free survival [37], suggesting 
that macrophages may morph into METs near the boundary 
between tumor and necrotic areas in glioblastoma to pro-
mote tumor invasion or necrosis. METs can also be used as 
a prognostic biomarker in glioblastoma, suggesting the pos-
sibility of targeting patients with glioblastoma. However, 
consistent with the reticular structures of METs, not only 
the cellular components of macrophages but also lactoferrin 
was positive in this study. Lactoferrin is contained in breast 
milk, saliva, and sweat and is known as an antibacterial 
agent that is also a granule component of neutrophils. 
Moreover, it is an important iron-binding glycoprotein that 
has been reported for its antitumor effects and also influ-
ences NETs formation [7, 13, 38]. Results of immunostain-
ing in the METs region showed that MPO and NE in the 
cytoplasmic granules of neutrophils were negative, suggest-
ing that lactoferrin is unlikely derived from neutrophils, is 
induced by another route, and then works as a biological 
defense function in cooperation with METs. When the out-
come of all patients was examined, the two patients who 
developed METs had the best prognosis. The average life 
expectancy of glioblastoma is said to be 1.5 to 2 years, but 
these two cases survived for more than 3 years and 4 years 
and 7 months, respectively. The shortest survival time with-
out METs was 2 months after diagnosis, and the longest 
survival time was 2 years and 8 months. From this, we 
speculated that the expression of METs may be involved in 
the suppression of tumor invasion. However, the number of 
cases was small and there was no significant difference 
between the two cases (P value: 0.2062, Kaplan-Meier 
method).

Furthermore, FGG, a fibrin marker, showed the same 
localization as METs. Our previous studies have shown that 
NETs and fibrin fibers coexist in many inflammatory dis-
eases [31], and in METs, inflammation-induced fibrin exu-
dates and forms NETs fibrous structures. Tamura et al. 
claimed that CD163-positive cells are lower at the tumor 
periphery brain zone than at the tumor core of glioblastoma 
[33]. In our study, CD163 and CD204 expression was simi-
lar except at the tumor periphery (Fig. 1d, e), but CD204 
expression was higher than CD163 at the border between 
tumor and necrosis (i.e., tumor periphery) where METs 
were observed (Fig. 5c, d). Therefore, we used CD204 but 
not CD163 for fluorescent immunohistochemical staining. 
The observation of fluorescence multiple staining speci-
mens of CD204, Cit-H3, and DAPI using confocal laser 
scanning microscope confirmed that METs are reticular 
structures with DNA components as a backbone and cellu-
lar components that adhered in a granular form. In addition, 
the nuclear component of METs was found more sensitive 

to Cit-H3 than DAPI, and a clearer image was obtained 
(Fig. 5j, k). Brinkmann et al. reported that detecting thin 
fibrous structures of NETs using DNA-binding dyes, such 
as DAPI and Hoechst, is difficult and recommended the use 
of Cit-H3 to prove the nuclear components of NETs and 
METs [4]. M2 macrophages are proinflammatory factors 
that increase with tumor infiltration and create a favorable 
cancer microenvironment for tumors. This is the first study 
that confirmed M2 macrophages are also involved in METs 
formation in glioblastoma. However, the mechanisms of 
METs’ effects on tumors cannot be clearly defined. Due to 
the difficulty in clearly differentiating M1 and M2 
macrophages and the fact that M1 and M2 macrophages 
can shift from one another, distinguishing them individu-
ally, including their functions, is difficult. However, M2 
macrophages are indeed closely related to tumors, and thus, 
we will continue to investigate them in more detail based 
on the morphological findings obtained in this study.

Using immune-multiplex staining, this study demon-
strated that quiescent M1 macrophages were transformed 
into active M2 macrophages upon tumor invasion on 
formalin-fixed paraffin sections. Immune-multiplex stain-
ing performed in this study may be applied to other studies 
of macrophage morphology in formalin-fixed paraffin sec-
tions. The presence of M2 macrophage-derived METs at 
the border between the tumor and necrotic areas of 
glioblastoma suggests that M2 macrophages not only sup-
press inflammation but also promote tumor invasion.
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