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Abstract. The aim of the present study was to investigate 
the composition, morphology, characteristics, distribution 
and function of distinct macrophage subpopulations in the 
mouse thymus. Apoptosis of mouse thymocytes was induced 
by glucocorticoids and three monoclonal antibodies against 
Mac-2, F4/80 and ED1 were used for immunofluorescence 
staining and immunohistochemical analysis. The morphology 
of thymic macrophages was examined by transmission 
electron microscopy. Four subpopulations of mouse thymic 
macrophages were identified. Dendritic macrophages were 
identified using anti-Mac-2 and anti-F4/80 antibodies, and 
were demonstrated to be distributed in the entire thymus. 
Phagocytes were also observed. In addition, plate-shaped 
macrophages, identified using the anti-F4/80 antibody, were 
distributed under the thymic cortex capsule. Small oval 
macrophages, identified using the anti-Mac-2 antibody, were 
distributed in the thymic medulla and corticomedullary 
region (CMR), while phagocytes were not observed in these 
types of cell. ED1+ thymic macrophages with irregular forms 
were distributed in the CMR. All of the four subpopulations 
of mouse thymic macrophages described above exhibited 
acid phosphate activity. This study indicated the existence of 
macrophage subpopulations with different shapes, distribution 
and functions in the mouse thymus.

Introduction

The thymus is one of the central organs of the immune system 
where T cells develop, differentiate and mature. In recent 
years, it has been demonstrated that stromal cells of the thymus 
are important in the differentiation and selection of thymic 

lymphocytes. Macrophages are a type of thymic stromal 
cell that are involved in phagocytosis and antigen presenta-
tion (1,2). Additionally, macrophages secrete cytokines, which 
may affect thymocyte proliferation, maturation, differentia-
tion and the negative selection of potential self-reactive T-cell 
clones  (3,4). Furthermore, macrophages are important in 
immune reactions, particularly tumor immunity (5).

Previous studies have shown that macrophages are 
generally heterogeneous in their phenotype and function (6). 
Immunohistochemical examination in rats employing ED1, 
ED2 and ED3 monoclonal antibodies (mAbs) has demon-
strated that there are distinct subpopulations of thymic 
macrophages (7). Compared with rat thymic macrophages, 
fewer studies have focused on the macrophages of the mouse 
thymus. To understand the characteristics of these cells, we 
examined mouse thymic macrophages by immunofluores-
cence staining, immunochemistry and acid phosphatase (ACP) 
activity double staining using various mAbs.

Materials and methods

Animals. Female BALB/c mice (4-6 weeks old) were obtained 
from the Experimental Animal Center of Harbin Medical 
University (Harbin, Heilongjiang, China). All of the animal 
experiments performed were reviewed by the Ethics Committee 
for Animal Experiments at Harbin University School of 
Medicine and every procedure followed the Guidelines for the 
Care and Use of Laboratory Animals.

Antibodies. Affinity purified anti-mouse F4/80 antibody, rabbit 
anti-CD68 (ED1), FITC-labeled goat anti-rat IgG and goat 
anti-rabbit IgG/RBITC were purchased from BD Biosciences 
(Franklin Lakes, NJ, USA). The antibody against LGALS3Bp 
(Mac-2) and biotin-SP-conjugated affinity purified donkey 
anti-rabbit IgG were purchased from PTGLabs (Chicago, IL, 
USA). ExtrAvidin-Cy3 conjugate was purchased from Sigma 
(St. Louis, MO, USA).

Mouse model of thymic apoptosis. The BALB/c mice were 
randomly allocated into two groups: the experimental and the 
normal control groups. The mice in the experimental group 
were treated with an intraperitoneal injection of dexametha-
sone (30 mg/kg), while those in the normal control group were 
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treated with physiological saline at the same dose. The thymus 
was removed 15  h post‑injection when typical apoptotic 
morphology was observed (8). The mice were then divided 
into three groups for analysis using transmission electron 
microscopy, immunofluorescence and immunohistochemistry.

Preparation of frozen sections. Immediately following 
dissection, the thymic tissues were fixed with periodate‑lysine-
paraformaldehyde fixative for 4 h at 4˚C. After washing with 
0.01 M phosphate-buffered saline (PBS; pH 7.4), the tissues 
were immersed in 5% sucrose phosphate buffer for 1 h, 15% 
sucrose phosphate buffer for 2 h and finally in 30% sucrose 
phosphate buffer overnight at 4˚C. The tissues were embedded 
in optimal cutting temperature compound for 30 min and 
immersed in a mixture of acetone and dry ice.

Tissue preparation for transmission electron microscopy. 
The mouse thymic tissues were fixed in 2.5% glutaraldehyde 
through arterial perfusion. Post-fixation was performed with 
1% osmium trioxide. The thymic tissues were dehydrated 
with acetone and then embedded in Epon 812. Thin sections 
(0.5 µm) were observed under a light microscope to identify the 
location of positive cells in the tissues. Ultra-thin sections were 
observed under an H-600 transmission electron microscope.

Immunofluorescence assay. Frozen sections (8 µm thick) were 
placed on poly-L-lysine-coated glass slides and dried in air. 
Following fixation with acetone, the sections were incubated 
in 0.25% Triton X-100 for 15  min. Regarding the F4/80 
group, the sections were incubated with the anti‑F4/80 mAb 
overnight at 4˚C. After washing with PBS, FITC-labeled goat 
anti-rat IgG was added and incubated for 1 h at room tempera-
ture. For Mac-2 staining, the sections were incubated with the 
anti‑Mac-2 antibody overnight at 4˚C. After washing with PBS, 
biotin‑SP‑conjugated affinity purified donkey anti-rabbit IgG 
was added and incubated for 1 h at room temperature, washed 
again with PBS, and then ExtrAvidin-Cy3 was added and 
incubated for 1 h at room temperature. For the ED1 group, the 
sections were incubated with the anti‑ED1 mAb overnight at 
4˚C. After washing with PBS, the goat anti-rabbit IgG/RBITC 
secondary antibody was added and incubated for 1 h at room 
temperature.

Double staining was performed for the F4/80 + Mac-2 
group, in which sections were incubated with the anti‑F4/80 
mAb overnight at 4˚C. The sections were washed with PBS 
and the FITC-labeled goat anti-rat IgG was added and incu-
bated for 1 h. They were then washed with PBS, blocked with 
5% normal goat serum for 30 min prior to the addition of the 
anti‑Mac-2 antibody and incubated for 1 h. The sections were 
washed with PBS and the biotin-SP-conjugated donkey anti-
rabbit IgG was added and incubated for 1 h, washed with PBS, 
and finally ExtrAvidin-Cy3 was added and incubated for 1 h. 
In the F4/80 + ED1 group, the sections were incubated with 
the anti‑F4/80 mAb overnight at 4˚C. Following washing with 
PBS, the FITC-labeled goat anti-rat IgG was added and incu-
bated for 1 h, washed again with PBS and blocked with 5% 
normal goat serum for 30 min; the anti‑ED1 mAb was added 
and incubated for 1 h. The samples were then washed with PBS 
and the secondary goat anti‑rabbit IgG/RBITC antibody was 
added and incubated for 1 h. Sections from the normal control 

group were only incubated with the fluorescent-conjugated 
antibody. All the sections were observed under a fluorescence 
microscope.

Immunohistochemistry and ACP double staining. Frozen 
sections, treated with 5% normal goat serum for 15 min, 
were incubated with the anti‑F4/80, anti‑Mac-2 and anti‑ED1 
mAbs. Following washing with PBS, the sections were incu-
bated with the rabbit anti-rat IgG and the goat anti-rabbit IgG 
antibodies. The sections were washed with PBS and incu-
bated with DAB solution. The reaction was terminated with 
deionized water and then incubated with ACP for 45 min at 
37˚C. Counterstaining with methyl green was performed after 
the sections were washed with PBS. The sections were imme-
diately immersed in 100% alcohol and xylene, and mounted 
with India rubber. The prepared sections were observed under 
a light microscope.

Results

Morphology and distribution of distinct subpopulations of 
thymic macrophages. The majority of mouse thymic macro-
phages exhibit the shape of dendritic cells with well‑developed 
cell processes extending into the narrow spaces around 
thymocytes. These types of macrophages were identified 
with anti‑F4/80 and anti‑Mac-2 antibodies (Fig. 1A-C), and 
they were distributed in the entire thymus (Fig.  1D). The 
second type of macrophage appeared as small oval cells, 
which notably lacked cell processes. These cells were strongly 
stained by anti‑Mac-2; however, weakly stained by anti‑F4/80 
antibodies  (Fig. 1E and F). Small oval macrophages were 
distributed in the thymic medulla and corticomedullary region 
(CMR; Fig.  1G). The third type of macrophage exhibited 
a flat shape and was distributed in the subcapsular region 
of the thymic cortex. These cells were F4/80+ but Mac-2- 
(Fig. 1H and I). The fourth type of macrophage exhibited an 
irregular shape and was distributed in the CMR. The number 
of these types of macrophage which exhibited ED1- and 
F4/80+ staining was low (Fig. 1J-L). Fluorescent cells were not 
observed in the negative control group (data not shown).

Phagocytes of thymic macrophages. In the control group, the 
shape of thymocytes was normal, and the cell membrane and 
nucleus of thymocytes were integrated (Fig. 2A). By contrast, 
in the dexamethasone‑injected mice, the membranes of phago-
cytes fused with lymphocytes (Fig. 2B). Additionally, numerous 
apoptotic bodies were observed in the phagocytes along with 
hyperdense grains and nuclear chromatin. Inclusion bodies 
surrounded by the membrane structure were also observed 
in the cytoplasm of phagocytes (Fig. 2C-F). Phagocytosis 
was observed in dendritic macrophages, which presented as 
swollen cells exhibiting strong fluorescent staining (Fig. 3).

Mouse thymic tissue assessment using double antibody and 
ACP staining. All of the four subpopulations of mouse thymic 
macrophages described above exhibited ACP activity. There 
were a large number of F4/80+ cells (Fig. 4A). Compared with 
the F4/80+ cells, there were fewer Mac-2+ cells stained positive 
for ACP (Fig. 4B). The ED1+ cells were mainly distributed 
in the CMR (Fig. 4C). ACP+ cells were not observed in the 
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negative control group (Fig. 4D). The subpopulations of mouse 
thymic macrophages are listed in Table I.

Discussion

In the present study, morphological and immunohistochemical 
analysis of macrophages in the mouse thymus was performed 
using anti‑F4/80, anti‑Mac-2 and anti‑ED1 mAbs. The cell 

types of this organ were not adequately identified by staining 
the thymus with a single fluorescent antibody. Therefore, the 
application of double‑antibody staining using fluorescent anti-
bodies was required. Generally, the anti‑ED1 mAb has been 
considered valuable in the identification of rat macrophages. 
However, whether mouse thymic macrophages are able to 
be identified using the anti‑ED1 antibody still remains to be 
elucidated. In the present study, we used anti‑ED1 mAb for the 

  A

Figure 1. Morphology of the subpopulations of thymic macrophages in mice. (A-D) Dendritic macrophages. Frozen sections from mouse thymic tissues were 
immunoassayed with (A and D) anti‑F4/80-FITC (green); (B) anti‑Mac-2 (red) or (C) both antibodies. (A-C) Magnification, x400 and (D) x200. (E-G) Small 
oval macrophages. Frozen sections from mouse thymic tissues were immunoassayed with (E) anti‑Mac-2 (red); (F) anti‑F4/80-FITC, where they were observed 
to be distributed in the cortex (green) or (G) anti‑F4/80-FITC antibodies, where they were observed to be distributed in the medulla. Magnification, x400. 
(H and I) Flat-shaped macrophages. Frozen sections from mouse thymic tissues were immunoassayed with anti‑F4/80-FITC antibody. (H) Magnification, x400 
and (I) x200. (J-L) ED1 macrophages. Frozen sections of mouse thymic tissues were immunostained with (J) anti‑ED1 antibody (red); (K) ED1 distributed in 
the CMR or (L) anti‑F4/80-FITC and anti‑ED1 antibodies. (J) Magnification, x400 and (K and L) x200. CMR, corticomedullary region.

Figure 2. Phagocytes of thymic macrophages were observed by transmission electron microscopy. (A) The thymus was normal in mice of the control group. 
(B) In the dexamethasone‑injected mice, the phagocyte membrane was fused with lymphocytes; however, pinocytosis was not observed. (C) Numerous apop-
totic bodies; (D) hyperdense grains and (E) nuclear chromatin were also observed in the phagocytes of the dexamethasone‑injected mice. (F) Inclusion bodies 
with membrane structures were observed in the cytoplasm of the phagocytes of the dexamethasone‑injected mice. Scale bar, (A, C and D) 1 µm; (B) 200 nm 
and (E and F) 500 nm.
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identification of mouse thymic macrophages to investigate the 
subpopulations of these cells.

In the present study, all of the F4/80+, Mac-2+ and ED1+ 
cells exhibited an ACP activity. These cells were mainly 
distributed in the cortex and the CMR. Compared with F4/80+ 
and ED1+ cells, Mac-2+ cells were fewer in number and smaller 
in size. The results indicate that the macrophages with positive 
ACP activity contained a number of phagosomes. The majority 
of thymic macrophages were large in size and possessed 
rich cell processes. These cells were designated as dendritic 
macrophages and were observed to be distributed throughout 

the thymic parenchyma, expressing Mac-2 and F4/80. These 
macrophages have been considered as phagocytes, as they may 
play a role in the phagocytosis of dying thymocytes (9,10). 
Dexamethasone‑induced apoptosis of thymic lymphocytes 
in mice was observed by electron microscopy. It was shown 
that a number of phagosomes containing ingested thymocytes 
at various stages of degradation were present in the thymic 
macrophages with well-developed cell processes  (11,12). 
Furthermore, a subtype of dendritic macrophages was 
observed in the CMR. However, it still remains unknown 
whether dendritic and interdigitating dendritic cells are part of 
the same group of thymic macrophages (13,14).

Small round macrophages lacking cell processes were 
mainly distributed in the medulla and the CMR. These cells 
were stained positive for Mac-2 and negative for F4/80. 
However, in the cortex, there were some weakly stained F4/80+ 
cells. These cells may be involved in the final stage of thymo-
cyte differentiation (8,15). Electron microscopy showed that 
these small oval macrophages exhibited limited phagocytic 
activity, indicating that they may constitute immature macro-
phages that recently entered the thymus via blood vessels 
running through the septa to the medulla and/or the CMR (13).

The third type of mouse thymic macrophages were 
slender‑ and flat‑shaped cells, extending their processes 
along and underneath the capsule. These macrophages 
were low in quantity and were found to be distributed in 
the subcapsular region. They were stained positive with 
anti‑F4/80 antibody; however, negative with anti‑Mac-2 and 
anti‑ED1 mAbs. This type of macrophage was considered as 
an independent subset of thymic macrophages, which were 
different from the dendritic and oval macrophages described 
above. Thymocytes are extensively divided at the subcap-
sular region of the thymus; therefore, these flat macrophages 

Figure 3. Macrophages. (A) Frozen sections of mouse thymic tissues were immunoassayed with the anti‑F4/80-FITC antibody, where the cells were observed 
to be swollen. (B) Frozen sections of mouse thymic tissues were immunoassayed with anti‑F4/80-FITC and anti‑Mac-2 antibodies; the cells were hypertrophic 
dendrites. (C) The cells were also observed to be localized around the vessel. Magnification, x400.

Figure 4. Mouse thymic tissues following double antibody and ACP staining. (A) Numerous F4/80- cells were also positive for ACP; (B) ED1+ cells with ACP 
grains were mainly distributed in the corticomedullary region; (C) Mac-2+ cells with ACP grains were low in number and lightly stained and (D) ACP+ cells 
were not observed in the negative control group. Scale bar, 50 µm. ACP, acid phosphatase.

Table I. Characteristics of the subpopulations of mouse thymic 
macrophages.

	 Cell subpopulation (shape)
	 ---------------------------------------------------------------
Characteristic	 Dendritic	 Round	 Flat	 Irregular

Phenotype
  F4/80	 +	 -	 +	 -
  Mac-2	 +	 +	 -	 -
  ED1	 -	 -	 -	 +
Distribution
  Cortex	 ++	 +-	 +-	 +
  Corticomedullary region	 ++	 +	 -	 ++
  Medulla	 +	 +	 -	 +-
  Phagocytosis	 ++	 -	 ND	 +

+, positive cell; -, negative cell; ++, many positive cells; +-, few posi-
tive cells; ND, not determined.

  A   B   C

  A   B   C   D
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may be important in thymocyte proliferation and selective 
differentiation (8).

The fourth type of thymic macrophage with an irregular 
form was observed to be mainly distributed in the CRM. 
They were diffused in the cortex and a small number of these 
cells were located in the medulla. Double‑antibody staining 
showed that these cells were stained positive for F4/80 or 
ED1, while few cells were F4/80+ and ED1+. According to the 
characteristic morphology and distribution of ED1+ cells, this 
type of macrophage was considered as an independent subset 
of thymic macrophages. The CMR macrophages that strongly 
express ED1 and F4/80 antigens have been suggested to be 
involved in the ingestion of dying thymocytes (8,16).

In conclusion, the present study identified four subpopula-
tions of mouse thymic macrophages and provided the platform 
to further investigate the function of thymic macrophages in 
the proliferation and differentiation of lymphocytes.
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