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Optimum immunohistochemical procedures for analysis of
macrophages in human and mouse formalin fixed paraffin-
embedded tissue samples

Takenobu Nakagawa, Koji Ohnishi, Yui Kosaki, Yoichi Saito, Hasita Horlad, Yukio Fujiwara,
Motohiro Takeya, Yoshihiro Komohara

Macrophages are closely related to various diseases and it is therefore important that the properties of macrophages are ade-
quately evaluated in human diseases and mouse disease models. Immunohistochemistry (IHC) of formalin fixed paraffin-
embedded (FFPE) samples is a very useful tool for examination of macrophages; however, an adequate IHC protocol is
required for the examination of macrophage states. In this study, we assessed various antigen retrieval methods in order to
devise the optimal protocols for staining of macrophages with a range of antibodies. Optimum combinations of primary anti-
bodies and antigen retrieval protocols were determined; for example, heat treatment with ethylenediamine tetraacetic acid solu-
tion, pH 8.0, was the best procedure for IHC using mouse anti-Ibal and human anti-CD11b, -CD163, -CD169, -CD204, and
-CD206 antibodies. Moreover, we found that the immunoreactivity of sliced tissue sections decreased gradually over time in
long term storage but that this immunoreactivity was preserved in storage at -80 °C in a deep freezer. The optimal IHC proto-

cols and storage procedures that were determined in this study should be a useful tool for macrophage research.
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INTRODUCTION

Macrophages are a type of leukocyte that are character-
ized by a high phagocytic activity. Macrophages are not
only critically involved in host defense against microbes, but
they also act as antigen presenting cells as well as dendritic
cells, although their ability to present antigen is less than that
of dendritic cells."? It has long been known that macro-
phages are closely associated with the development of ath-
erosclerosis and tissue remodeling. In addition, over the last
decade macrophages have also been shown to be associated
with the pathogenesis of many human diseases including
malignant tumors and metabolic syndromes; however, the
details of the relationships between disease progression and
macrophage activation are unclear. Macrophages are classi-
fied into exudate and resident macrophages.* Exudate and
some of the resident macrophages are derived from circulat-
ing monocytes, and some resident macrophages such as
microglia originate from fetal yolk sac macrophages.>” The
novel concept of macrophage polarization was suggested in
the late 1990s. In macrophage polarization, bacterial com-
ponents and interferons differentiate macrophages to an
inflammatory phenotype (classical activation, M1

macrophages) whereas Th2-type cytokines such as IL-4,
IL-10, or IL-13 induce an immunosuppressive macrophage
phenotype (alternative activation, M2 macrophages).®!°
However, recent studies suggest that macrophage differentia-
tion or polarization is not that simple, and further studies are
necessary to clarify the detailed mechanisms of macrophage
differentiation/polarization.'"'> For this purpose, it is impor-
tant to identify and adequately evaluate macrophage infiltra-
tion and activation status in human diseases and in mouse
disecase models. In the present study, we determined the
optimal antigen retrieval methods for identification of indi-
vidual macrophage-specific antigens in formalin fixed paraf-
fin-embedded (FFPE) samples using immunohistochemistry
(IHC).

MATERIALS AND METHODS
Samples

We prepared the spleen tissue samples derived from both
humans and mice. Human spleens were obtained from
autopsy cases with ethical approval authorized by a written
informed consent and an approval by the Kumamoto
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University Review Board. The resected human spleens were
fixed in 10% formalin neutral buffer solution for 5-7 days.
Mice were purchased from Clear Japan (Shizuoka, Japan).
Animal care and experiments were approved by the Animal
Committee at Kumamoto University. Murine spleens were
obtained from specific pathogen free Balb/c mice. The
murine spleens were fixed in 10% formalin neutral buffer
solution for 1 days. The spleen tissue specimens were
embedded in paraffin wax after fixation.

Immunohistochemistry protocol

Sections (3 pwm thick) were cut and mounted on a glass
slide and were then deparaffinized in xylene and rehydrated
in a graded ethanol series. Antigen retrieval steps were per-
formed as follows. Samples were incubated with proteinase
K (PK, DAKO, Glostrup, Denmark) for 5 min at room tem-
perature (RT) and were then washed in phosphate buffered
saline (PBS), or sections were immersed in citrate buffer, pH
6.0, ethylenediamine tetraacetic acid (EDTA) solution, pH
8.0, target retrieval solution (TRS) pH 9.0 (Nichirei, Tokyo,
Japan), or TRS, pH 6.0 (DAKO), and samples were heated in
a microwave (5 min at 100 °C) or a pressure cooker (30 sec at
125 °C). After heat treatment, the slides were cooled to RT
and were washed in PBS. The sections were then treated
with 0.3% H20: in methanol (30 min at RT) and were subse-
quently incubated with blocking solution (5% goat serum) for
20 min at RT, following which the sections were reacted with
primary antibodies (Table 1) for 90 min at RT. The antigen
retrieval methods indicated in Table 1 are those used by the
respective company from which the antibody was obtained.
The sections were then washed three times in PBS and were

incubated with secondary anti-mouse or anti-rabbit IgG anti-
bodies labelled with polymer and horseradish peroxidase
(Histofine, Nichirei) for 30 min at RT. The immunoreactions
were visualized using a diaminobenzidine substrate kit
(Nichirei). All sections were counterstained with Mayer’s
hematoxylin for 20 sec. After washing in flowing tap-water
for 5 min, the samples were dehydrated and immersed in
xylene. The sections were mounted with malinol (Muto
Pure Chemicals, Tokyo, Japan). Signals were classified into
4 grades of intensity as follows: (-) negative; (+) weakly pos-
itive, (++) moderately positive, and (+++) strongly positive.

RESULTS
The result of IHC of mouse spleen

To identify the most suitable method of antigen retrieval
for individual antibodies, the sections were subjected to vari-
ous antigen retrieval methods and then IHC was performed
as described in materials and methods. The results are sum-
marized in table 1 and 2. Figure 1 shows mouse spleen
slides stained with the indicated antibodies using an optimal
antigen retrieval method. For IHC of EMR1 and CD206,
positive staining was observed in sections treated with PK
and in those heated in TRS, pH 6.0, but the strongest staining
was detected in the section treated with PK. For IHC of
Ibal, although positive staining was seen in all sections, the
strongest positive signal was seen in the section that was
treated by heating in EDTA (1 mM, pH 8.0) buffer. The
staining of Ibal was clearer in sections that were heated in
the pressure cooker as compared with sections that were
heated in the microwave. For IHC of CD163, a positive sig-
nal was detected in sections treated with PK and TRS, pH

Table 1. Antibodies for immunohistochemistry on human and mice paraffin sections.

Antigen Clone Details* Antigen retrieval** Company

Mice EMRI1 F4/80 rat, mono PK Bio-Lad/DAKO, Hercules, CA, USA
CD68 FA1l rat, mono PK, TRS(H) Bio-Lad/DAKO, Hercules, CA, USA
CD163 - rabbit, poly TRS (H) CosmoBio, Tokyo, Japan
CD204 2F8 rat, mono EDTA (H) Bio-Lad/DAKO, Hercules, CA, USA
CD206 MR5D3 rat, mono PK Bio-Lad/DAKO, Hercules, CA, USA
Ibal - rabbit, poly EDTA (H) WAKO, Tokyo, Japan

Human CDI11b EP1345Y rabbit, mono EDTA (H) Abcam, Cambridge, UK
CD68 PG-M1 mouse, mono EDTA (H) Agilent Technol., Santa Vlara, CA, USA
CD163 10D6 mouse, mono EDTA (H) Leica Biosystems, Nussloch, Germany
CD169 Hsn7D2 mouse, mono EDTA (H) Santa Cruz Biotech., Santa Cruz, CA, USA
CD204 SRA-ES mouse, mono EDTA (H) CosmoBio, Tokyo, Japan
CD206 5CI1 mouse, mono EDTA (H) Abnova, Taipei, Taiwan
Ibal - rabbit, poly EDTA (H) WAKO, Tokyo, Japan

*: mono; monoclonal antibody, poly; polyclonal antibody.

**: EDTA; ImM EDTA (pH8.0), PK; proteinase K (5 min at RT), H; heat treatment, TRS; target retreival solution (DAKO).
EMRI1; EGF-like module-containing mucin-like hormone receptor-like 1, Ibal;induction of brown adipocytes 1.



6.0, but the strongest positive signal was detected in the sec-
tion that was heated in the microwave or the pressure cooker

in TRS, pH 6.0. Although positive signals were detected for
CD68 and CD204 in sections that were treated with PK or
were heated in the pressure cooker in EDTA buffer,

Table 2. Immunoreactivity of antibodies and antigen retreival methods.

Immunohistochemistry of macrophages

respectively, their positive staining was weaker than that of
other antigens.

Antigen  Pretreatment (antigen retrieval methods)
None  Protainase K ~ CB(M) EDTA(M) TRSN(M) TRSD(M) CB(®P) EDTA(P) TRSN(P) TRSD(P)
Mice EMRI1 + +++ + - - ++ - - - ++
CD68 + ++ - - - + R R R +
CD163 + ++ - + - +++ - + - +++
CD204 - + - _ _ _ ) — i )
CD206 - ++ - - - + - - - ++
Ibal ++ + ++ -+ ++ ++ ++ o+ ++ ++
Human  CDl1b + + ++ +++ +++ + ++ +++ 4+ ++
CD68 + ++ ++ ++ ++ ++ ++ 4+ ++ ++
CD163 - - ++ ++ ++ ++ ++ -+ +++ ++
CD169 + ++ - +++ + + - + - -
CD204 - - ++ ++ ++ ++ ++ +++ A+t ++
CD206 ++ - ++ ++ ++ ++ ++ +++ +++ ++
Ibal ++ + +++ +++ +++ +++ -+ +++ +++ +++

-;negative, +; weakly positive, ++; moderately positive, +++; strongly positive.
(M); treatment with microwave, 5 min at 100°C
(P); treatment with pressure cooker, 30 sec at 125°C

CB; 10mM citrate buffer (pH6.0), EDTA; ImM EDTA buffer (pH8.0), TRSN; target retrieval solution from NICHIREI (pH9.0), TRSD; target
retrieval solution from DAKO (pH6.0).

Fig. 1. Immunohistochemistry of macrophages in mouse
spleen. Ibal, EMR1, CD163, CD68, CD204, and CD206
expressions were tested using formalin fixed paraffin-
embedded mouse spleen as described in materials and meth-
ods. WP; white pulp, RP; red pulp, Cap; capsule.

Mac (Iba-1hish, CD11bhish,
CDeg"is", CD163"ah,
CD204"ish, CD206°%)

EC (Iba-1ha", CD11bMish,
CD68"s", CD163"%,
CD204, CD206"s)

Fig. 2. Immunohistochemistry of macrophages in human spleen. Ibal,
CD68, CD163, CD169, CD204, and CD206 expressions were tested using
formalin fixed paraffin-embedded human spleen as described in materials
and methods. The staining pattern of macrophage-related antigens was sum-
marized in the scheme. WP; white pulp, RP; red pulp, Mac; macrophage,

EC; endothelial cell, RBC; red blood cell.
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The results of IHC of human spleen

We next performed similar experiments using human
spleen and anti-human antibodies. The results are summa-
rized in table 1, 2, and figure 2. In IHC for CDG68, positive
staining was detected in all sections, and the strongest stain-
ing was detected in the sections that were treated with PK or
were heated in a pressure cooker in EDTA buffer. In IHC
for CD11b, positive staining was detected in all sections, and
the strongest signals were detected in the sections that were
treated by heating in EDTA buffer or in TRS. In IHC for
Ibal, although positive staining was detected in all sections,
the strongest positive signal was detected in the section that
was treated by heating in EDTA buffer. In IHC for CD163, a
strong positive signal was detected in sections that were
heated in the pressure cooker in EDTA buffer or in TRS, pH
9.0, and those positive signals were of equal intensity. In
IHC for CD204, positive staining was detected in sections
that were heated in all of the buffers tested but the strongest
signal was detected in sections that were heated in the pres-
sure cooker in EDTA buffer or in TRS, pH 9.0. In IHC for
CD206, positive staining was detected in both the section that
was not treated for antigen retrieval and in sections that were
heated in all buffers tested, but the strongest signal was
detected in sections that were heated in the pressure cooker in
EDTA buffer or in TRS, pH 9.0.

The expression of macrophage-related antigens in human
and mouse spleens

Regarding the IHC findings using mouse spleens and
optimal antigen retrieval methods, all macrophages (red pulp
macrophages, marginal zone macrophages, and marginal
metallophilic macrophages) stained positive for Iba-1 and
EMRI1 (Figure 1). However, there were clearly more Iba-1
positive cells than EMR1-positive cells. CD68 and CD204
expression was detected in all macrophages; however, the
positive signals of red pulp macrophages were stronger than
those of other macrophages. Only red pulp macrophages
were positive for CD163 and CD206.

With regards to the IHC staining of human spleen (Figure
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2), all macrophages and venous sinus (VS) endothelial cells
stained strongly positive for Iba-1, CD11b, and CD68.
Staining of CD163 and CD204 was strongly positive for red
pulp macrophages and marginal zone macrophages, and
weakly positive for venous sinus (VS) endothelial cells.
Conversely, CD206 stained strongly positive for VS endothe-
lial cells and weakly positive for macrophages. CD169
staining was only detected on marginal metallophilic macro-
phages, and was negative for other macrophages and VS
endothelial cells.

Storage of tissue sections

We tested if the immunoreactivity of antigens changed
over long term storage using staining of CD204 as a test case.
Tissue sections were stored at RT or at -80 °C for 6 or 12
months, and THC for CD204 was performed at each time
point using the same protocol for each staining. As shown in
figure 3, the staining intensity on the slide that was stored at
RT for 6 or 12 months was significantly decreased compared
to that of the control slide (0 month), whereas staining inten-
sity was preserved when the slides were stored at -80 °C.
Paraffin coating of the sections did not significantly affect the
decrease in the positive signal of CD204 following storage at
RT.

DISCUSSION

In the present study, we established the most adequate
methods to detect macrophages in FFPE samples. FFPE
samples are the most common methods of tissue preparation
for pathological diagnosis at the hospitals and so many cases
and kinds of disease samples are stored at hospital, and these
samples must be critical resources for biomedical research.
In addition, the significant involvement of macrophages to
various diseases have been found by many researchers, and
the importance of the pathological studies related to macro-
phages are more interested in biomedical fields. In the pres-
ent study, we showed the most suitable methods to identify
and evaluate macrophage distribution in FFPE sections of
human and mice. Iba-1, CD11b, CD68, and EMRI1 are well

Fig. 3. THC of CD204 using stored slides. The data of IHC in slides stored
for 0 day, 6 months at RT, 12 months at RT, 12 month at -80°C, and 12
months at RT with paraffin coating were shown. Slides were preserved in

sealed containers.



known molecules specifically expressed on pan-macro-
phages. Iba-1 is the easiest marker for macrophages in the
present study, since anti-Iba-1 antibody strongly reacted to
both human and mice and seemed to be suitable for all anti-
gen retrieval methods. We often use anti-Iba-1 antibody for
double THC with other antigens.'* CD163, CD204, and
CD206 have been suggested as markers for M2-like pheno-
type, however, recent findings indicated that CD204 is not
specific to M2-like phenotype.'* 1t is also notable that the
anti-mouse CD204 antibody (clone 2F8) does not react with
the CD204 antigen in C57B/6 mice due to mutation of the
CD204 gene.”> CD169 is known to be up-regulated by inter-
feron signals in human macrophages, and considered to be a
marker for M1-like phenotype.'® Further studies using anti-
bodies react to these molecules and FFPE samples must give
new insights and findings to the pathogenesis of various
diseases.

In addition to the methods of IHC, we also checked the
methods of the storage of tissue sections. As shown in figure
3, immunoreactivity of CD204 was significantly decreased
on tissue section stored for more than 6 months at RT,
although we did not check the immunoreactivity of other
antigens. This antigen loss phenomenon was well known,
and similar results in IHC of p53 were observed 20 years
ago."” Antigen loss of Ki-67, estrogen receptor, and cytoker-
atin in breast cancer tissue microarray sections were tested by
DiVito KA ef al., and they described that storage for 3
months at RT induced marked degradation of all antigens.'®
However, they also demonstrated that nitrogen storage or
paraffin coating with anti-oxidants significantly suppressed
the antigen degradation, and these observations indicated that
oxidation by air exposure was involved in antigen loss by
long term storage. It is now thought that an antigenic activ-
ity is gradually attenuated by oxidation reaction. A refriger-
ated storage might delay the oxidation reaction. Grillo F et
al. demonstrated that antigen loss or decay was seen in I[HC
of CD3, CD 31, CD117, estrogen and progesterone receptors,
Ki67, p53, TTF-1, vimentin, but not in IHC of smooth mus-
cle actin, keratins 7, 20, AE1/AE3, 34BE12, and they also
showed cold storage is suitable methods for long term stor-
age of tissue sections.!” The importance of cold storage (at
minus degrees rather than at 4 °C) was reported by other
researchers,? and these observations were consistent with our
observation of figure 3.

Histiocytic sarcoma (HS) is a macrophage-derived neo-
plasm. Although human HS is extremely rare and aggres-
sive neoplasm, spontaneous HS is occasionally observed in
mice.?! Neoplastic cells are usually large and oval in shape,
have features similar to macrophages, and are phenotypically
positive for macrophage-related markers such as CD68 and
CD163.2 CD204 is also reported as a marker for HS.?3%*
The molecules listed in this article are suggested to be
expressed on HS, and further studies are necessary to confirm
the usefulness of these antibodies for diagnosis of HS. In
addition, IHC of macrophage-markers is useful for the diag-
nosis for hemophagocytic lymphohistiocytosis or hemopha-
nocytic syndrome (HLH/HPS) and evaluating tumor-associ-
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ated macrophages (TAMs) in FFPE samples at hospital.>>?’

In the present study, we showed that not only macro-
phages but also VS endothelial cells were positive for
CD163, CD204, and CD206. Similar results were observed
in previous studies.?®? The scavenger receptors expressed
by VS endothelial cells have been suggested to be involved
in the clearance of blood debris and pathogens. Littoral cell
angioma is a rare primary splenic tumor arising from endo-
thelial cells, and CD163 is a useful marker for the diagnosis
of littoral cell angioma.?>3°

In conclusion, we summarized and listed the best meth-
ods for detecting macrophage-specific antigens in the present
study. Antibodies listed in this article is also suggested to be
useful for pathological diagnosis of HS and HLH/HPS, or for
the assessment of TAMs. However, many antibodies against
various molecules have been developed by many researchers
and companies. Update for the best methods of IHC of mac-
rophages is necessary for further researches.
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