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Abstract:    Sialic acid-binding immunoglobulin-like lectin (Siglec)-F is a mouse functional paralog of human Siglec-8 
that induces apoptosis in human eosinophils, and therefore may be useful as the basis of treatments for a variety of 
disorders associated with eosinophil hyperactivity, such as asthma. The expression pattern and functions of this 
protein in various cell types remain to be elucidated. The aim of this study was to determine the expression of Siglec-F 
on mouse macrophages by immunocytochemical staining, and also to investigate the effects of Siglec-F engagement 
by a Siglec-F antibody on phagocytic activity of macrophages. The results showed that Siglec-F expression was 
detected on mouse alveolar macrophages, but not on peritoneal macrophages. Furthermore, Siglec-F engagement did 
not affect the phagocytic activity of alveolar macrophages in the resting state or in the activated state following 
stimulation by the proinflammatory mediator tumor necrosis factor alpha (TNF-α) or lipopolysaccharide (LPS). Siglec-F 
expression on alveolar macrophages may be a result of adaptation. Macrophages actively regulate immune responses 
via production of cytokines. Therefore, further investigation of the effects of Siglec-F engagement on immune me-
diators or cytokines released by alveolar macrophages is required. 
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1  Introduction 
 
Sialic acid-binding immunoglobulin-like lectins 

(Siglecs) are members of the immunoglobulin super-
family. Siglecs are single-pass transmembrane sur-
face proteins that are characterized by their specificity 
for sialic acids attached to the terminal regions of 
cell-surface glycoconjugates. The molecular structure 
of Siglecs differs from that of other members of the 
immunoglobulin superfamily (Freeman et al., 1995; 

Angata and Varki, 2000). The specific binding of the 
extracellular domain of Siglecs to sialic acid residues 
on the glycosyl side-chains of glycolipids and glyco-

proteins mediates interactions with proteins and car-
bohydrates for a variety of purposes. The predomi-
nantly inhibitory function of the majority of Siglecs  
is indicated by the presence of immunoreceptor  
tyrosine-based inhibitory motifs (ITIMs) in the cyto-
plasmic domain (Angata et al., 2006; 2007).  

To date, 15 Siglecs have been identified in hu-
mans and 9 in mice (Crocker et al., 2007). Through a 
nomenclature agreement, Siglecs unique to mice are 
lettered rather than numbered (Crocker et al., 1998). 
Despite the discovery of numerous Siglecs, the bio-
logical functions of these proteins are largely un-
known, although it has been reported that Siglec-8 
specifically induces eosinophil apoptosis (O′Reilly 
and Paulson, 2009), while Siglec-9, which is ex-
pressed on the leukocyte surface, specifically induces 
neutrophil death (von Gunten et al., 2005). Investi-
gations of Siglec biology have focused on the mouse 
as a model organism due to the difficulties and  
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limitations associated with this type of research in 
humans. Recent studies identified murine Siglec-F as 
the functional paralog of human Siglec-8 based on its 
expression on mouse eosinophils and its ability to 
adhere to the 6′-sulfo-sLex structure (Tateno et al., 
2005; Bochner, 2009). Studies have demonstrated 
that cross-linking of Siglec-F with a specific antibody 
(Ab) induced mouse eosinophil apoptosis in vivo and 
in vitro (Zimmermann et al., 2008). Furthermore, ad-
ministration of anti-Siglec-F Ab significantly reduced 
the level of allergen-induced airway inflammation and 
airway remodeling (Song et al., 2009; Cho et al., 
2010). These findings indicate the potential value of 
Siglecs as a therapeutic target in humans. Further 
investigation of these proteins is required to provide 
proof-of-concept for targeting Siglecs in many dis-
eases, such as asthma, allergies, and related disorders. 

With the exception of myelin-associated glyco-
protein (MAG)/Siglec-4, which is expressed only in 
the nervous system on the myelin sheath (Sun et al., 
2004), the majority of Siglecs are expressed on the 
surface of immunocytes, where they act as adhesion 
and signaling molecules. These include sialoadhesin/ 
Siglec-1, which is expressed on subsets of human 
macrophage, Siglec-5, which is expressed on mono-
cytes and mature neutrophils, and Siglec-7, which is 
expressed on natural killer (NK) cells and monocytes 
(Crocker and Redelinghuys, 2008; Schauer, 2009). 
Siglecs play a particularly important role in macro-
phages. Apoptotic cells and secondary necrotic cells 
release their intracellular contents into the surround-
ing tissues. These contents are potential autoantigens 
and macrophages engulf these dying cells rapidly to 
prevent harmful inflammatory responses and auto-
immunity. A variety of molecules on the surface of 
macrophages are involved in this process, such as 
c-mer proto-oncogene tyrosine kinase (MerTK), milk 
fat globule epidermal growth factor (EGF) factor 8 
(MFG-E8), and T-cell immunoglobulin and mucin 
domain-containing molecule (Tim-4) (Nakayama et 
al., 2009). Multiple receptors may simultaneously 
recognize these “eat-me” signals on apoptotic cells. 
These observations demonstrated the importance of 
investigations of the expression and function of 
Siglecs in murine macrophages as a model to provide 
valuable information regarding Siglecs biology in 
humans. The aim of this study was to determine ex-
pression of Siglec-F on mouse macrophages by im-

munocytochemical staining, and also to investigate 
the effects of Siglec-F engagement by a Siglec-F Ab 
on macrophage phagocytic activity. 

 
 

2  Materials and methods 

2.1  Reagents 

Thioglycollate broth, 2-mercaptoethanol (2-ME), 
and lipopolysaccharide (LPS) were purchased from 
Sigma (St. Louis, MO, USA); high-glucose Dul-
becco’s modified Eagle’s medium (DMEM), Hank’s 
balanced salt solution (HBSS), penicillin, streptomy-
cin, 1× nonessential amino acids, 1 mmol/L sodium 
pyruvate, and phosphate buffered saline (PBS) were 
purchased from Invitrogen (Grand Island, NY, USA); 
RPMI 1640 medium and endotoxin-free fetal bovine 
serum (FBS) were purchased from HyClone Labo-
ratories (Logan, UT, USA). Purified rat anti-mouse 
Siglec-F Ab, rat anti-mouse IgG2α, and cell strainers 
(40 μm) were purchased from BD Biosciences (San 
Jose, CA, USA). Polink-1 horseradish peroxidase 
(HRP) detection system for rat primary antibodies, 
diaminobenzidine substrate kit, and hematoxylin and 
eosin (H&E) staining solutions were obtained from 
ZsGb Biotechnology (Beijing, China). Goat anti-rat 
IgG was purchased from Biosynthesis Biotechnology 
(Beijing, China). Tumor necrosis factor-α (TNF-α) 
was purchased from PrimeGene Biotechnology 
(Shanghai, China). Stem cell factor (SCF) and Flt3 
ligand were purchased from PeproTech (Rocky Hill, 
NJ, USA). Interleukin-5 (IL-5) and fluorescein isothio-
cyanate (FITC)-conjugated anti-annexin V were pur-
chased from R&D Systems (Minneapolis, MN, USA). 

2.2  Animals 

Female BALB/c mice [(20±2) g, aged 6‒8 weeks] 
were purchased from the Animal Center, Medical 
Institute of Sichuan University, China. Thymocytes 
were harvested from mice (aged 3‒4 weeks). These 
mice were housed under normal laboratory conditions 
[(21±2) °C] with free access to standard rodent chow 
and water for at least one week following delivery to 
allow recovery from transit stress. This study was 
performed in accordance with the Guidelines for the 
Care and Use of Animals of Sichuan University and 
was approved by the Sichuan University Animal 
Ethics Committee. 
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2.3  Isolation of macrophages 

Murine peritoneal and alveolar macrophages 
were isolated following a previously described 
method by Zhang et al. (2008) with certain modifi-
cations. The importance of conducting all procedures 
under cold conditions should be emphasized. 

2.3.1  Resident peritoneal macrophages 

Briefly, untreated mice were euthanized by rapid 
cervical dislocation. The abdomen was soaked in 75% 
alcohol and a small incision was made along the 
midline with sterile scissors. The abdominal skin was 
manually retracted to expose the intact peritoneal wall. 
A needle was inserted through the peritoneal wall 
along the left side of the mouse. Cold harvest medium 
(HBSS, 5.0 ml) was injected into the peritoneal cavity 
and the fluid was aspirated from the peritoneum. 
These steps were repeated twice and the exudates 
were pooled. The exudate was then centrifuged for  
10 min at 400×g (4 °C). The supernatant was dis-
carded and the cell pellet was resuspended in 
DMEM by gently tapping the bottom of the centri-
fuge tube and pipetting up and down. The cell con-
centration was adjusted to 1×106 nucleated cells/ml 
in DMEM. 

2.3.2  Thioglycollate-elicited peritoneal macrophages 

A total of 3 ml of aged, sterile 3% thioglycollate 
broth (0.03 g/ml) was injected into the peritoneum of 
BALB/c mice. Mice were euthanized 3 d after injec-
tion. Macrophages were isolated using the procedure 
described for resident peritoneal macrophages (Sec-
tion 2.3.1). Experiments using thioglycollate-elicited 
macrophages were performed the day after isolation, 
following removal of non-adherent cells by washing 
cells repeatedly with PBS.  

2.3.3  Alveolar macrophages 

A tracheotomy was performed on the mouse by 
making a midline incision in the anterior neck. Har-
vest medium (HBSS, 0.8 ml) was infused into the 
lung. The fluid was then gently drawn into the syringe 
and re-infused back into the lung three times in suc-
cession. This infusion/re-infusion process was re-
peated five times and the lung lavage fluid was pooled 
to give approximately 4 ml. Alveolar macrophages 
were isolated using the method described for resident 
peritoneal macrophages (Section 2.3.1). 

2.4  Culture of mouse eosinophils derived from 
bone marrow cells 

Eosinophils were generated by ex vivo culture of 
mouse bone marrow cells using the method previ-
ously described by Dyer et al. (2008). Briefly, bone 
marrow cells were suspended at 1×106 ml−1 in RPMI 
1640 medium containing 20% FBS, 100 U/ml peni-
cillin, 0.1 mg/ml streptomycin, 1× nonessential amino 
acids, 1 mmol/L sodium pyruvate, and 50 µmol/L 
2-ME and supplemented with 100 ng/ml SCF and  
100 ng/ml Flt3 ligand from Days 0 to 4. On Day 4, 
cells were switched into new flasks and cultured at 
1×106 ml−1 in basic medium containing 10 ng/ml 
recombinant mouse IL-5 (rmIL-5). On subsequent 
alternate days, one-half of the medium was replaced 
with fresh medium containing rmIL-5 and the con-
centration of the cells was adjusted to 1×106 ml−1 on 
each occasion. Cells were enumerated using a hemo-
cytometer and viability was determined by trypan blue 
exclusion. The percentage of eosinophils was deter-
mined using a modified Giemsa preparation (Diff Quik). 

2.5  Evaluation of effects of Siglec-F Ab cross- 
linking on eosinophil apoptosis 

Eosinophils were incubated with anti-mouse 
Siglec-F Ab and eosinophil apoptosis was detected by 
flow cytometric analysis. Eosinophils were incubated 
without Ab and with anti-Fas Ab as controls.  
Annexin V labeling was performed to detect apoptosis 
in eosinophils as described previously by Saltan et al. 
(2011). Cultured cells were washed once in PBS and 
incubated with FITC-conjugated anti-annexin V 
(1:200, v/v) for 15 min in the dark at room tempera-
ture. Cells were resuspended in 200 µl ice-cold  
annexin V binding buffer and apoptosis was analyzed 
by flow cytometry (Beckman, USA) within 1 h. 

2.6  Isolation of thymocytes and apoptosis induction 

A model of apoptosis cells was established based 
on exposure of mouse thymocytes to ultraviolet ra-
diation in vitro to explore the role of Siglec-F in 
macrophage phagocytosis (Vandivier et al., 2002; 
Morimoto et al., 2006; Bianchi et al., 2008). Thy-
muses obtained from mice (aged 3‒4 weeks) were 
gently pushed through a cell strainer (40 μm) to pre-
pare a thymocyte suspension. Thymocytes were ex-
posed to ultraviolet irradiation (254 nm) for 10 min to 
induce apoptosis followed by culture in DMEM 
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containing 10% FBS at 37 °C for 3 h. Thymocytes 
prepared in this way have been shown to be ap-
proximately 90% annexin V-positive by flow cy-
tometric analysis (Borges et al., 2009). 

2.7  Macrophage culture and immunocytochemi-
cal staining 

Peritoneal or bronchoalveolar lavage cells 
(1×106 ml−1) were seeded onto coverslips and cul-
tured for 2 h in DMEM containing 100 U/ml penicil-
lin, 100 g/ml streptomycin, and 10% heat-inactivated 
FBS at 37 °C in a humidified incubator containing 5% 
CO2. Non-adherent cells were removed by gentle 
washing three times with warm PBS. Adherent cells 
(macrophages) were cultured in the same medium for 
24 h. In some experiments, peritoneal macrophages 
were co-cultured with or without LPS (1 μg/ml) 
and/or TNF-α (20 ng/ml) for 24 h. 

Macrophages were fixed on the coverslips with 
4% paraformaldehyde (0.04 g/ml) prior to processing 
for immunocytochemical staining with the Polink-1 
HRP detection system according to the manufac-
turer’s instructions. After fixation, macrophages were 
immersed in 3% H2O2 for 8 min to block endogenous 
peroxidase activity. After washing three times with 
PBS, macrophages were co-incubated with Siglec-F 
Ab [diluted 1:150 (v/v) with PBS] for 24 h at 4 °C. As 
controls, macrophages were incubated with PBS or 
isotype control Ab. Cells were washed three times with 
PBS and incubated in the Polink-1 reagent mixture for 
30 min at 37 °C. Cells were then washed three times 
with PBS and incubated with the reagent mixture from 
the diaminobenzidine substrate kit for 4 min. Finally, 
cells were washed extensively in water and counter-
stained with Mayer’s hematoxylin for 10 s. Positive 
staining of macrophages with Siglec-F was visualized as 
cells exhibiting brown coloration of the cell membrane. 

2.8  Evaluation of effects of Siglec-F Ab cross- 
linking on phagocytic activity of alveolar macro-
phages in vitro 

Alveolar macrophages were cultured on cover-
slips in 12-well plates (2×105 well−1) as described in 
Section 2.7. After incubation for 2 h, cells were 
washed with warm PBS to remove non-adherent cells. 
Adherent cells (alveolar macrophages) were co-cultured 
with apoptotic thymocytes for 90 min at an approximate 
ratio of 10:1 (apoptotic thymocytes:macrophages). 

In order to investigate the effect of Siglec-F 
engagement on phagocytic function, alveolar macro-
phages were co-cultured with Siglec-F Ab [10 μg/ml, 
a concentration previously found to be saturating in 
eosinophil experiments (Zimmermann et al., 2008)] 
for 30 min in the presence or absence of polyclonal 
goat anti-rat IgG Ab, which was used to cross-link the 
Siglec-F Ab (Nutku et al., 2003; Zimmermann et al., 
2008). For controls, cells were incubated with me-
dium alone or in the presence of the secondary 
cross-linking Ab alone. In phagocytosis experiments 
on activated macrophages, before incubation with the 
Siglec-F Ab, alveolar macrophages were cultured in 
medium containing LPS (1 μg/ml) and/or TNF-α  
(20 ng/ml) for 24 h.  

Alveolar macrophages were co-incubated with 
apoptotic thymocytes for 90 min at 37 °C before be-
ing washed with PBS, fixed with methyl alcohol, and 
stained with H&E. Phagocytosis was evaluated by 
counting 200 macrophages per well. Results were 
expressed as percent phagocytosis and phagocytosis 
index (Wang et al., 2009). Percent phagocytosis was 
calculated from the percentage of the number of 
macrophages containing at least one ingested thy-
mocyte to the number of macrophages. Phagocytosis 
index was defined as the ratio of the number of thy-
mocytes engulfed by macrophages to the number of 
macrophages. Each condition was tested in duplicate 
and repeated at least three times. 

2.9  Statistical analysis 

Data were expressed as mean±standard devia-
tion (SD) and evaluated using Student’s t-test for 
two-sample comparisons or analysis of variance 
(ANOVA) for multi-sample comparisons. Use of 
these parametric statistics was deemed appropriate 
because phagocytosis of apoptotic thymocytes by 
macrophages has been shown to follow a Gaussian 
distribution (Licht et al., 1999). P<0.05 was consid-
ered statistically significant. 

 
 

3  Results 

3.1  Expression of Siglec-F on mouse alveolar 
macrophages and peritoneal macrophages 

Peritoneal macrophages and alveolar macro-
phages, the two main subtypes of macrophages, differ 
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considerably in morphology, biochemistry, secretory 
products, surface phenotype, and function. Immuno-
cytochemical staining showed that Siglec-F was ex-
pressed on alveolar macrophages (Fig. 1a), but not on 
mouse peritoneal macrophages in the resting state 
(Fig. 1c). Immunocytochemical staining with the 
isotype control of anti-Siglec-F Ab was negative on 
both alveolar macrophages and peritoneal macro-
phages (Figs. 1b and 1d). Macrophage physiology 
changed dramatically in response to certain stimuli. 
Therefore, induction of Siglec-F expression on the 
peritoneal macrophages was investigated in response 
to thioglycollate. Peritoneal macrophages were acti-
vated by a single injection (3 ml) of aged, sterile  
3% thioglycollate broth into the mouse peritoneal 
cavity or by co-incubation of peritoneal macrophages 
with the proinflammatory mediators LPS or/and 
TNF-α. Siglec-F was not expressed on activated 
peritoneal macrophages under either set of conditions 
(Figs. 1e‒1h). 

3.2  Effect of Siglec-F engagement on phagocytic 
activity of alveolar macrophages in vitro 

Previous studies have shown that Siglec-F 
stimulation by cross-linking is a key factor involved  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

in mouse eosinophil apoptosis induction (Song et al., 
2009). To confirm the efficacy of Siglec-F Ab as a 
cross-linking agent, murine bone marrow cells were 
cultured ex vivo to obtain eosinophils, which were 
then incubated with anti-mouse Siglec-F Ab. As a 
control, eosinophils were incubated without Ab or with 
anti-Fas Ab. Flow cytometric analysis revealed a 
significant increase in apoptotic eosinophils after 18 h 
(Fig. 2). The percentage of CC chemokine receptor 3 
(CCR3)-positive and annexin V-positive cells in-
creased from (34.94±10.67)% in the medium control 
to (53.21±8.42)% in Siglec-F Ab-incubated cells (n=5, 
P=0.013) and (55.28±10.45)% in Fas Ab-incubated 
cells (n=5, P=0.007). These results confirmed the effi-
cacy of Siglec-F Ab as a cross-linking agent and dem-
onstrated that eosinophils generated by ex vivo cul-
ture of bone marrow cells were similar to eosinophils 
generated in vivo, in that apoptosis is stimulated in 
both populations in response to Siglec-F engagement. 

Alveolar macrophages were co-cultured with 
saturating concentrations of Siglec-F Ab for 30 min 
before addition of apoptotic thymocytes to determine 
the involvement of Siglec-F cross-linking in phago-
cytosis in these cells. Analyses of the percentage of 
phagocytic cells and phagocytic index revealed that  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1  Immunocytochemical staining of Siglec-F on macrophages 
Siglec-F is expressed on mouse alveolar macrophages, but not on peritoneal macrophages in the resting or activating state. 
Siglec-F expression is exhibited as brown coloration of the cell membrane. Representative photomicrographs of Siglec-F 
and isotype control staining of macrophages are shown (original magnification, ×400). (a) Siglec-F on resting alveolar 
macrophages; (b) Isotype control for Siglec-F on resting alveolar macrophages; (c) Siglec-F on resident peritoneal 
macrophages in the resting state; (d) Isotype control on resident peritoneal macrophages in the resting state; (e) Siglec-F on 
peritoneal macrophages activated by thioglycollate; (f‒h) Siglec-F on cultural peritoneal macrophages activated in vitro for 
24 h by LPS, LPS+TNF-α, and TNF-α, respectively 
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phagocytic activity in resting alveolar macrophages 
was not altered by Siglec-F engagement (Figs. 3a and 
3b). Furthermore, significantly lower phagocytic 
activity was observed in alveolar macrophages 
[(6.33±2.02)%] compared with peritoneal macro-
phages [(91.5±2.29)%] (P=0, Fig. 3a). This differ-
ence in activity was even more remarkable in com-
parisons of the number of macrophages that had in-
gested at least one apoptotic thymocyte and the 
phagocytic index, which was 0.23±0.02 for alveolar 
macrophages compared with 2.85±0.15 for peritoneal 
macrophages (P=0, Fig. 3b). Under activating condi-
tions (LPS and/or TNF-α), the phagocytic activity of 
alveolar macrophages did not change significantly in 
response to Siglec-F engagement in vitro (Fig. 4). The 
phagocytic activity of alveolar macrophages [(28.67± 
2.25)%] was significantly enhanced in response to 
LPS, compared with that observed in untreated alveo-
lar macrophages [(19.83±1.26)%] (P=0.001, Fig. 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4  Discussion 
 
Previous studies have shown that antibody-  

mediated cross-linking of Siglec-F expressed on 
mouse eosinophils stimulates apoptosis both in vivo 
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Fig. 2  Apoptosis of eosinophils assessed by flow cytome-
try (CCR3+ annexin V+ cells) 
Eosinophils were incubated without Ab or with rat 
anti-Siglec-F Ab or anti-Fas Ab for 18 h. Siglec-F Ab in-
duced apoptosis of murine eosinophils generated by ex vivo 
culture of bone marrow cells. Data are expressed as 
mean±SD of five experiments. * P<0.05 

0

20

40

60

80

100

 P
h

ag
oc

yt
ic

 p
er

ce
n

ta
ge

 (
%

)

**

0

1

2

3

 P
ha

go
cy

tic
 in

de
x

**

(a)

(b)

Fig. 3  Phagocytic activity of mouse resting alveolar 
macrophages in vitro 
Adherent alveolar macrophages (AMΦ) and peritoneal 
macrophages (PMΦ) were obtained from normal BALB/c 
mice and were cultured in DMEM. AMΦ were further di-
vided into four groups which were separately co-cultured for 
30 min with: medium alone (AMΦa), anti-SiglecF Ab and 
polyclonal goat anti-rat IgG (AMΦb), anti-SiglecF Ab 
(AMΦc), or polyclonal goat anti-rat IgG (AMΦd). Cells were 
co-incubated with apoptotic thymocytes and processed as 
described in Section 2.8. Phagocytic activity was evaluated 
by counting 200 macrophages per condition. Siglec-F en-
gagement did not influence phagocytic activity of mouse 
resting alveolar macrophages in vitro. (a) Phagocytic per-
centage; (b) Phagocytic index. Data represent mean±SD of 
three independent experiments. ** P<0.001, compared with 
AMΦa group 
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Fig. 4  Phagocytic activity of activated mouse alveolar 
macrophages in vitro 
Adherent alveolar macrophages were obtained from normal 
BALB/c mice (2×105 well−1) and were incubated on cover-
slips at 37 °C in 12-well plates. Alveolar macrophages were 
activated by LPS (1 μg/ml) and/or TNF-α (20 ng/ml) for 24 h 
in vitro prior to co-incubation for 30 min with or without 
anti-Siglec-F Ab and polyclonal goat anti-rat IgG followed 
by co-culture with apoptotic thymocytes (2×106 well−1) for 
90 min. Phagocytic activity was evaluated by counting 200 
macrophages per condition. Siglec-F engagement did not 
influence phagocytic activity of activated mouse alveolar 
macrophages in vitro. Data represent mean±SD of three 
independent experiments. ** P<0.001, compared with me-
dium group 
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and in vitro (Zimmermann et al., 2008). However, it 
is still unclear whether other inflammatory cells ex-
press Siglec-F. Mouse mast cells and basophils are 
difficult to isolate by routine methods. Therefore, in 
this study, expression and potential functions of 
Siglec-F were investigated in alveolar macrophages 
and peritoneal macrophages. Siglec-8 expression on 
human eosinophils was discovered prior to detection 
of Siglec-F expression on mouse eosinophils. How-
ever, due to the practical and ethical restrictions as-
sociated with research of the functional mechanisms 
of human Siglec-8 in vivo, investigations have fo-
cused on Siglec-8 homologues in animal models. 
Furthermore, despite identification of an increasing 
number of novel Siglecs, the exact biological func-
tions of most of these molecules in mouse and human 
systems are still poorly understood. Therefore, this 
investigation focused primarily on the expression and 
function of Siglec-F on mouse macrophages.  

Macrophages play an important role in the 
regulation of inflammation. Inflammatory responses 
are initiated through secretion of proinflammatory 
cytokines and resolved through phagocytosis of 
apoptotic and necrotic cells. Many signaling mole-
cules expressed on macrophages are involved in 
macrophage phagocytosis. This study confirmed 
Siglec-F expression on mouse alveolar macrophages, 
but not on peritoneal macrophages. Alveolar macro-
phages are highly differentiated cells that are spe-
cifically adapted to the particular environment of the 
lungs. Therefore, it is intriguing to postulate that the 
expression of Siglec-F on alveolar macrophages is an 
adaptive response to this environment, which may 
indicate the biological function of Siglec-F. Fur-
thermore, recent studies have shown that Siglec-F 
ligands are expressed endogenously on normal mouse 
airway epithelium and are enhanced in allergic in-
flamed lungs (Guo et al., 2007). It can be speculated 
that alveolar macrophages entering the airway en-
counter Siglec-F ligands, thus stimulating functional 
responses, although further investigations are re-
quired to validate this hypothesis. 

Macrophages from different tissues differ con-
siderably in morphology, biochemistry, secretory 
products, surface phenotype, and function. This study 
demonstrated that alveolar macrophages exhibit much 
lower phagocytic activity in response to apoptotic 
thymocytes compared with peritoneal macrophages. 

This conclusion is consistent with previous reports 
(Hu et al., 2000; 2004). Although the mechanism 
responsible for this marked difference in phagocytic 
activity remains to be elucidated, it is hypothesized 
that differences in the expression of surface receptors 
are a critical influencing factor. 

The majority of Siglec family members contain 
ITIMs within cytoplasmic domains (Angata et al., 
2006; 2007; Cao et al., 2008). Typically, receptors 
with ITIMs function as inhibitory receptors and sup-
press activation signals that emanate from receptors 
associated with immunoreceptor tyrosine-based ac-
tivation motifs (ITAMs) through recruitment of tyro-
sine and inositol phosphatases. This suggests that 
Siglecs predominantly mediate inhibitory effects in 
these cells. It has been demonstrated that Siglec-8 is 
expressed mainly on the surface of human eosinophils 
and that antibody-mediated Siglec-8 cross-linking 
specifically induces apoptosis (Nutku et al., 2003). 
Siglec-8 is also expressed at low levels on human 
mast cells and basophils. Yokoi et al. (2008) observed 
that specific antibody-mediated cross-linking of 
Siglec-8 inhibited FcεRI-dependent histamine and 
prostaglandin D2 release, as well as Ca2+ flux, and 
that anti-IgE evoked contractions of human bronchial 
rings. The most prominent function of macrophages 
in inflammatory responses is removal of infiltrating 
apoptotic cells. In this study, it was confirmed that 
mouse alveolar macrophages express high levels of 
Siglec-F. Therefore, the effect of Siglec-F engage-
ment on alveolar macrophage phagocytosis of apop-
totic cells was investigated. It was demonstrated that 
antibody-mediated cross-linking of Siglec-F did not 
alter alveolar macrophage phagocytic activity in vitro, 
either in the resting state or following activation by 
inflammatory mediators such as LPS and/or TNF-α. 
However, the phagocytic activity of alveolar macro-
phage was enhanced by LPS and TNF-α pretreatment. 
Previous studies have shown that macrophage 
phagocytic activity is enhanced by LPS stimulation 
through toll-like receptor signaling (Corradin and 
Mauël, 1991; Shen et al., 2010). Alveolar macro-
phages are highly specialized mononuclear phago-
cytic cells located in the alveolar space. They are the 
first immune competent cells to encounter inhaled 
antigens and therefore play a critical role in regulating 
immune responses of the lungs. Recent studies iden-
tified Siglec expression predominantly on immune 
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cells, indicating an important regulating role in the 
immune system (Crocker and Redelinghuys, 2008). 
The detection of high levels of Siglec-F expression 
on alveolar macrophages indicates the possibility 
that Siglec-F ligands are involved in regulating the 
functions of alveolar macrophages. However, the 
effects of Siglec-F engagement on the alveolar 
macrophage vitality and mediator release require 
further investigation. 
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