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Siglec-F is a sialic acid-binding Ig superfamily receptor that is highly expressed on eosinophils. We have investigated whether
administration of an anti-Siglec-F Ab to OVA-challenged wild-type mice would reduce levels of eosinophilic inflammation and
levels of airway remodeling. Mice sensitized to OVA and challenged repetitively with OVA for 1 mo who were administered an
anti-Siglec-F Ab had significantly reduced levels of peribronchial eosinophilic inflammation and significantly reduced levels of
subepithelial fibrosis as assessed by either trichrome staining or lung collagen levels. The anti-Siglec-F Ab reduced the number of
bone marrow, blood, and tissue eosinophils, suggesting that the anti-Siglec-F Ab was reducing the production of eosinophils.
Administration of a F(ab�)2 fragment of an anti-Siglec-F Ab also significantly reduced levels of eosinophilic inflammation in the
lung and blood. FACS analysis demonstrated increased numbers of apoptotic cells (annexin V�/CCR3� bronchoalveolar lavage
and bone marrow cells) in anti-Siglec-F Ab-treated mice challenged with OVA. The anti-Siglec-F Ab significantly reduced the
number of peribronchial major basic protein�/TGF-�� cells, suggesting that reduced levels of eosinophil-derived TGF-� in
anti-Siglec-F Ab-treated mice contributed to reduced levels of peribronchial fibrosis. Administration of the anti-Siglec-F Ab
modestly reduced levels of periodic acid-Schiff-positive mucus cells and the thickness of the smooth muscle layer. Overall, these
studies suggest that administration of an anti-Siglec-F Ab can significantly reduce levels of allergen-induced eosinophilic airway
inflammation and features of airway remodeling, in particular subepithelial fibrosis, by reducing the production of eosinophils and
increasing the number of apoptotic eosinophils in lung and bone marrow. The Journal of Immunology, 2009, 183: 5333–5341.

T he recruitment of bone marrow-derived eosinophils from
the circulation into the airway is a prominent feature of
allergic asthma. Important signals mediating the traffick-

ing of eosinophils from the bone marrow to the airway include
cytokines such as IL-5 that induce eosinophil proliferation (1),
endothelial-induced adhesion molecules such as VCAM-1, P-se-
lectin, and ICAM-1 that localize eosinophils to inflamed tissue
sites (2, 3), and CC chemokines such as eotaxin-1 that induce the
directed migration of eosinophils in the extracellular matrix (4).
Once in the airway the eosinophil may contribute to the proin-
flammatory response by releasing preformed cytoplasmic granule
mediators (i.e., major basic protein (MBP)3), newly generated lipid
mediators (i.e., leukotriene C4 (LTC4)), and also transcribe an ar-
ray of proinflammatory cytokines (1). Although increased levels of
eosinophils and eosinophil-derived mediators have been detected
in humans with asthma (5, 6), the role of the eosinophil in the
pathogenesis of asthma is controversial (7, 8) in part because of

results from recent clinical studies with anti-IL-5 that have not
demonstrated either reductions in late phase responses to inhala-
tion allergen challenge in mild asthmatics (9), nor improved symp-
toms and pulmonary function in moderate asthmatics (10). How-
ever, in contrast to these studies in which targeting IL-5 in asthma
has been ineffective in improving symptoms or lung function, anti-
IL-5 has demonstrated effectiveness in reducing levels of airway
remodeling in asthma (11). For example, targeting IL-5 reduces
both the number of eosinophils in the airway as well as features of
airway remodeling in mouse models of allergen-induced airway
remodeling (12), and in humans with asthma (11, 13).

One of the strategies to limit the generation of eosinophils is to
target receptors expressed by eosinophils that might mediate the
resolution of eosinophilic inflammation. One such candidate re-
ceptor expressed by eosinophils that mediates the resolution of
eosinophilic inflammation is Siglec-F (14, 15). Siglec-F belongs to
the CD33-related Siglec family, which is a subclass of Siglecs
defined by their mutual sequence similarity (share �50–80% se-
quence similarity) and clustered gene localization (chromosome 7
in mice, chromosome 19q in humans) (14). Siglec-F is a trans-
membrane receptor comprising a ligand-binding V-set domain,
three C-2 domains, a transmembrane domain, and a cytoplasmic
ITIM domain (16). Of the eight mouse Siglecs and 11 human
Siglecs that have been identified, eosinophils are known to express
significant levels of Siglec-F in mice (15, 17, 18), as well as its
functionally convergent ortholog Siglec-8 in human eosinophils
(19–21). Siglec-F, like other CD33-related Siglecs, has a tyrosine-
based signal transduction motif in its cytoplasmic tail, including a
canonical ITIM motif, which is known to be involved in inhibitory
signaling pathways in the immune system (22, 23). Support for
inhibitory signaling by the cytoplasmic domain of CD33-related
Siglecs has come from studies in which Abs were used to cross-link
Siglec cell surface receptors. These studies demonstrated that Ab
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cross-linking of several CD33-related Siglecs results in inhibition
of cellular-activation signals, arrest of proliferation, or induction of
apoptosis (24–26). Studies of mice deficient in Siglec-F have dem-
onstrated that they have increased levels of allergen-induced air-
way eosinophilic inflammation, as well as delayed resolution of
airway eosinophilic inflammation following acute allergen chal-
lenge (15). These studies in Siglec-F-deficient mice suggest that
Siglec-F normally functions to down-regulate eosinophilic inflam-
mation. Therefore, in this study we have examined whether ad-
ministration of an anti-Siglec-F Ab could reduce levels of airway
eosinophilic inflammation and, importantly, levels of airway re-
modeling in a mouse model of chronic allergen-induced airway
remodeling.

Materials and Methods
Effect of anti-Siglec-F Ab on levels of lung, bone marrow, and
blood eosinophils

Eight to 10-wk-old BALB/c mice (16 mice/group) (The Jackson Labora-
tory) were immunized s.c. on days 0, 7, 14, and 21 with 25 �g of OVA
(grade V; Sigma-Aldrich) adsorbed to 1 mg of alum (Sigma-Aldrich) in
200 �l of normal saline as previously described (27). Intranasal OVA
challenges were administered on days 27, 29, and 31 under isoflurane
(Vedco) anesthesia. Age- and sex-matched control mice were sensitized
but not challenged with OVA. Mice were sacrificed 24 h after the final
OVA challenge and blood, bone marrow, bronchoalveolar lavage (BAL)
fluid, and lungs were analyzed (27). Peripheral blood was collected from
mice by cardiac puncture into EDTA-containing tubes. Erythrocytes were
lysed using a 1/10 solution of 100 mM potassium carbonate/1.5 M ammo-
nium chloride. The remaining cells were resuspended in 1 ml of PBS. BAL
fluid was collected by lavaging the lung with 1 ml of PBS via a tracheal
catheter (27). Bone marrow cells were flushed from femurs with 1 ml of
PBS, centrifuged, and resuspended in 1 ml of PBS. Total leukocytes were
counted using a hemocytometer. To perform differential cell counts, 200 �l
of resuspended BAL cells, peripheral-blood leukocytes, or 20 �l of bone
marrow cell suspensions was cytospun onto microscope slides and air-
dried (27). Slides were stained with Wright-Giemsa and differential cell
counts were performed under a light microscope (27). Lungs from the
different experimental groups were processed as a batch for either histo-
logic staining or immunostaining under identical conditions as previously
described (12). Stained and immunostained slides were all quantified under
identical light microscope conditions, including magnification (�20), gain,
camera position, and background illumination. The quantitative histologic
and image analyses of all coded slides were performed by research asso-
ciates blinded to the coding of all the slides. All animal experimental pro-
tocols were approved by the University of California, San Diego Animal
Subjects Committee.

Administration of an anti-Siglec-F or control Ab

Different groups of mice (n � 16 mice/group) were administered 10 �g of
either a rat anti-mouse Siglec-F IgG2a Ab (provided by the Varki Lab) (15)
or a control rat IgG2a isotype-matched Ab (BD Biosciences) in 100 �l of
PBS by i.p. injection 1 h before each of the three OVA challenges on days
27, 29, and 31. In pilot studies following i.p. injection, the half-life of the
anti-Siglec-F Ab in mice was 3–4 days. The dosing regimen of the anti-
Siglec-F Ab ensured that serum levels of the anti-Siglec-F Ab were main-
tained at �4 �g/ml. In pilot studies we demonstrated such levels of anti-
Siglec-F Ab were sufficient to bind all eosinophil Siglec-F in blood and
bone marrow (data not shown).

Generation and administration of F(ab�)2 fragments of
anti-Siglec-F Ab

The rat anti-mouse Siglec-F mAbs or the rat IgG2a isotype control mAbs
were cleaved individually with pepsin (Fischer Scientific) to produce
F(ab�)2 and Fc fragments. Since rat IgGs are quite resistant to pepsin di-
gestion, the Abs were initially individually dialyzed against 100 mM Na-
acetate buffer (pH 4.0) for 4 h at 4°C before pepsin digestion. Pepsin was
equilibrated in Na-acetate buffer (pH 4.0) and added to the individual Abs
at a final enzyme to protein ratio of 5% (w/w). The pepsin reaction with Ab
was stopped by raising the pH to 7.8 with 2 M Tris base. The Ab pepsin
digest was then dialyzed against 25 mM Tris buffer (pH 7.8) for 12 h at 4°C
using 50-kDa molecular mass cut-off dialysis tubing (Spectrum Laborato-
ries) to exclude smaller-sized Fc fragments (�26 kDa) and pepsin enzymes
(�35 kDa) while retaining undigested Abs (�150 kDa) and F(ab�)2 frag-

ments (�105 kDa) to be further purified by ion exchange chromatography
(IEX) (28). The F(ab�)2 fragments generated by pepsin digestion were pu-
rified using a Mono Q 5/50 ion exchange column (GE Healthcare) equil-
ibrated in 25 mM Tris buffer (pH 7.8). All aqueous solutions were prepared
with distilled water and were filtered (using 0.22-�m filter), degassed, and
equilibrated to 4°C before loading the column. The samples were eluted
using a continuous gradient of increasing salt concentration created by a
start buffer (25 mM Tris) and elution buffer (25 mM Tris with 1 M NaCl).
Flow-through, as well as 500-�l fractions (18–30) corresponding to the
peaks in the elution profile, was collected and analyzed on a 10% SDS-
polyacrylamide gel under nonreducing and reducing conditions. Fractions
24–30 (containing the F(ab�)2 fragments) were pooled together and dia-
lyzed against PBS for in vivo administration. Ten micrograms of F(ab�)2

(derived from anti-Siglec-F Ab or control Ab) were administered to mice
in 100 �l of PBS by i.p. injection 1 h before each of the three OVA
challenges on days 27, 29, and 31. Levels of eosinophilia were quantitated
in BAL and blood when mice were sacrificed 24 h after the final OVA
challenge on day 31.

Mouse model of OVA-induced airway remodeling

In these experiments, BALB/c mice (n � 16/group) were immunized with
OVA s.c. as described above, and after receiving intranasal OVA chal-
lenges on days 27, 29, and 31 they had the intranasal OVA challenges
repeated twice a week for 1 mo (12). Mice were sacrificed 24 h after the
final OVA challenge and their BAL fluid and lungs processed as described
above. The anti-Siglec-F or control Ab was administered by i.p. injection
1 h before each of the intranasal OVA challenges.

Peribronchial trichrome staining

Lungs in the different groups of mice were equivalently inflated with an
intratracheal injection of a similar volume of 4% paraformaldehyde solu-
tion (Sigma-Aldrich) to preserve the pulmonary architecture. The area of
peribronchial trichrome staining in paraffin-embedded lungs was outlined
and quantified under a light microscope (Leica DMLS; Leica Microsys-
tems) attached to an image analysis system (Image-Pro Plus; Media Cy-
bernetics) as previously described (12). Results are expressed as the area of
trichrome staining per micrometer length of basement membrane of bron-
chioles 150–200 �m in internal diameter.

Lung collagen assay

The amount of lung collagen was measured as previously described in this
laboratory (12) with a collagen assay kit that uses a dye reagent that se-
lectively binds to the [Gly-X-Y]n tripeptide sequence of mammalian col-
lagens (Biocolor). In all experiments, a collagen standard was used to cal-
ibrate the assay.

Peribronchial eosinophils and mast cells

Lung sections were processed for MBP immunohistochemistry as de-
scribed above, using an anti-mouse MBP Ab (provided by Dr. James Lee,
Mayo Clinic, Scottsdale, AZ). The numbers of individual cells staining
positive for MBP in the peribronchial space were counted using a light
microscope. Results are expressed as the number of peribronchial cells
staining positive for MBP per bronchiole with 150–200 �m of internal
diameter. At least 10 bronchioles were counted in each slide. Similar image
analysis methods were used to quantitate mast cells in lung sections stained
with chloroacetate esterase and lightly counterstained with hematoxylin as
described (29).

Peribronchial TGF-�1� cells

The numbers of peribronchial TGF-�1� cells were quantitated by immu-
nohistochemistry using an anti-TGF-�1 Ab as previously described in this
laboratory (30). In addition to quantitating the total number of TGF-�1�

cells, we also quantitated the number of TGF-�1� cells that were MBP�

by staining sequential thin sections of lung with an anti-MBP Ab and an
anti-TGF-�1� Ab as previously described in this laboratory (30).

Peribronchial apoptotic cells

The number of peribronchial apoptotic cells was assessed by ultrastructure
(cell shrinkage, nuclear chromatin condensation) and TUNEL staining as
previously described (12, 31). For TUNEL staining, digoxigenin-labeled
nucleotides and TdT were added to 5-�m sections of lung to label the free
3� DNA ends of apoptotic cells (ApopTag Plus peroxidase in situ apoptosis
detection kit; Chemicon). An anti-digoxigenin Ab conjugated to peroxi-
dase was used to label the incorporated digoxigenin-labeled nucleotides
and was developed with the substrate supplied by the manufacturer. The
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sections were counterstained with hematoxylin. The number of apoptotic
cells was counted in 10 randomly selected peribronchial regions in each
slide using a light microscope attached to the image analysis system as
described above.

FACS analysis of BAL fluid and bone marrow for cells
expressing annexin V and CCR3

To determine whether the anti-Siglec-F Ab influenced the number of ap-
optotic eosinophils in the lung or bone marrow, we performed FACS anal-
ysis of both BAL cells and bone marrow cells derived from BALB/c mice
challenged with OVA (the acute OVA protocol described above) and pre-
treated with either an anti-Siglec-F Ab or a species- and isotype-matched
Ab (n � 3 mice/group). BAL or bone marrow cells were initially incubated
for 15 min with Fc block (rat anti-mouse CD16/CD32; BD Pharmingen)
and then stained for 30 min with the combination of FITC-conjugated
anti-CCR3 (R&D Systems) and PE-conjugated annexin V (eBioscience).
After being washed, cells were analyzed with a FACSCalibur flow cytom-
eter (BD Biosciences) as previously described (32). Further analyses were
performed with FlowJo software (Tree Star).

Peribronchial smooth muscle layer thickness

The thickness of the airway smooth muscle layer was measured with an
image analysis system as previously described (12). In brief, the thickness
of the smooth muscle layer (the transverse diameter) was measured from
the innermost aspect to the outermost aspect of the smooth muscle layer.
The smooth muscle layer thickness in at least 10 bronchioles of similar size
(150–200 �m) was counted on each slide.

Airway mucus expression

To quantitate the level of mucus expression in the airway, the number of
periodic acid-Schiff (PAS)-positive and PAS-negative epithelial cells in
individual bronchioles were counted as previously described in this labo-
ratory (12). At least ten bronchioles were counted in each slide. Results are
expressed as the percentage of PAS-positive cells per bronchiole, which is
calculated from the number of PAS-positive epithelial cells per bronchus
divided by the total number of epithelial cells of each bronchiole.

Effect of anti-Siglec-F Ab on airway hyperreactivity

Airway hyperresponsiveness to Mch was assessed 24 h after the final
chronic OVA in intubated and ventilated mice (flexiVent ventilator; Sci-
req) as previously described in this laboratory (30). The frequency-inde-
pendent airway resistance was determined in mice exposed to nebulized
PBS and methacholine at 24 mg/ml (30).

Statistical analysis

Results in the different groups of mice were compared by ANOVA
using the nonparametric Kruskal-Wallis test followed by posttesting
using Dunn’s multiple comparison of means. All results are presented
as means � SEM. A statistical software package (GraphPad Prism) was
used for the analysis. Values of p of �0.05 were considered statistically
significant.

Results
Effect of anti-Siglec-F Ab on acute eosinophilic lung
inflammation as well as levels of blood and bone marrow
eosinophils

Acute OVA challenge significantly increased the numbers of lung
( p � 0.02; acute OVA vs no OVA) (Fig. 1A), bone marrow ( p �
0.02; acute OVA vs no OVA) (Fig. 1C), and blood eosinophils
( p � 0.05; acute OVA vs no OVA) (Fig. 1B). Administration of
10 �g of an anti-Siglec-F Ab significantly reduced the number of
lung eosinophils ( p � 0.01; acute OVA plus control Ab vs acute
OVA plus anti-Siglec-F Ab) (Fig. 1A), bone marrow eosinophils
( p � 0.05; acute OVA plus control Ab vs acute OVA plus anti-
Siglec-F Ab) (Fig. 1C), and blood eosinophils ( p � 0.05; acute
OVA plus control Ab vs acute OVA plus anti-Siglec-F Ab) (Fig.
1B). We also examined whether higher doses of the anti-Siglec-F
Ab (i.e., 20 or 50 �g) would reduce levels of lung eosinophilic
inflammation to a greater extent compared with the 10-�g dose we
used in the aforementioned studies. Neither the 20-�g nor the 50-�g

anti-Siglec-F Ab dose was more effective than the 10-�g dose in
reducing levels of lung eosinophilic inflammation (data not shown).

Effect of F(ab�)2 fragments of anti-Siglec-F Ab on lung
eosinophilic inflammation

To determine whether either the F(ab�)2 or the Fc region of the
anti-Siglec-F Ab was mediating the inhibition of eosinophilic in-
flammation in the lung we generated F(ab�)2 fragments of the anti-
Siglec-F Ab. To obtain F(ab�)2 fragments, pepsin was used to

FIGURE 1. Effect of anti-Siglec-F Ab on levels of blood, bone marrow,
and lung tissue eosinophils following acute OVA challenge. Different
groups of mice received either an anti-Siglec-F Ab or a control Ab i.p.
before each acute OVA challenge. Non-OVA-challenged mice served as a
control. Eosinophils in blood and bone marrow were quantitated in cyto-
spin slides stained with Wright-Giemsa, whereas eosinophils in lung sec-
tions were quantitated by immunostaining with an anti-MBP Ab. Acute
OVA challenge significantly increased the number of lung (�, p � 0.02)
(A), blood (�, p � 0.05) (B), and bone marrow eosinophils (�, p � 0.02)
(C) compared with non-OVA-challenged mice. Administration of an anti-
Siglec-F Ab significantly reduced levels of eosinophils in lung (A) (#, p �
0.01), blood (B) (#, p � 0.05), and bone marrow (C) (#, p � 0.05) of acute
OVA-challenged mice (acute OVA plus anti-Siglec-F Ab vs acute OVA
plus control Ab) (n � 16 mice/group).
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cleave either the anti-Siglec-F Ab or a control rat IgG2a. Follow-
ing dialysis of the pepsin Ab digest with a 50-kDa dialysis mem-
brane (excluded smaller sized Fc fragments of �26 kDa and pep-
sin enzymes of �35 kDa), IEX was utilized to separate the F(ab�)2

fragments of the anti-Siglec-F Ab (�105 kDa) from the undigested
intact anti-Siglec-F Ab (�150 kDa), each of which appeared as
single bands on 10% SDS-polyacrylamide gel under nonreducing
conditions (Fig. 2). Under nonreducing conditions, the IEX puri-
fied fractions (24 – 30) of F(ab�)2 fragments of either control rat
IgG2a or anti-Siglec-F Ab appeared as a single band of �105 kDa
(Fig. 2A), while under reducing conditions the F(ab�)2 fragments
dissociated into four fragments of �26 kDa (Fig. 2B) that appear
as a single band.

Administration of the F(ab�)2 fragments of the anti-Siglec-F Ab
to OVA-challenged mice inhibited levels of lung eosinophilic in-
flammation (Fig. 3A) ( p � 0.02; vs OVA plus control Ab) and
blood eosinophils (Fig. 3B) ( p � 0.05; vs OVA plus control Ab)
as effectively as the intact anti-Siglec-F Ab.

Effect of anti-Siglec-F Ab on chronic eosinophilic lung
inflammation

Immunostained lung sections from chronic OVA-challenged mice
showed a significant increase in the number of peribronchial cells
expressing MBP, as well as a significant increase in the number of
peribronchial cells expressing Siglec-F. Chronic OVA challenge
induced a significant increase in the number of BAL eosinophils
( p � 0.001; OVA vs no OVA) (Fig. 4A), as well as a significant
increase in the number of peribronchial eosinophils ( p � 0.001;
OVA vs no OVA) (Fig. 4B) compared with non-OVA-challenged
mice. Administration of an anti-Siglec-F Ab significantly reduced
the number of BAL eosinophils in chronic OVA-challenged mice
(14.5 � 2.8 vs 6.2 � 1.2 BAL eosinophils � 104; OVA plus
control Ab vs OVA plus anti-Siglec-F Ab; p � 0.003) (Fig. 4A).
The anti-Siglec-F Ab also significantly reduced the number of peri-
bronchial eosinophils in chronic OVA-challenged mice (81.3 � 6.2
vs 39.2 � 3.0 eosinophils/bronchus; OVA plus control Ab vs OVA
plus anti-Siglec-F Ab; p � 0.002) (Fig. 4B).

FIGURE 2. Generation of F(ab�)2 fragment of anti-Siglec-F Ab. A, Pep-
sin digest of Siglec-F Ab: IEX gradient fractions run on 10% SDS-poly-
acrylamide gel. To generate F(ab�)2 fragments of the anti-Siglec-F Ab, the
anti-Siglec-F Ab (or a control rat IgG2a) were incubated with pepsin, dia-
lysed with a 50-kDa dialysis membrane (to excluded smaller sized Fc frag-
ments of �26 kDa and pepsin enzymes of �35 kDa), and subjected to IEX.
Depicted are the IEX fractions run on a 10% SDS-polyacrylamide gel
under nonreducing conditions: lane 1, Siglec-F Ab digest products before
subjecting to IEX; lane 2, IEX flow-through; lanes 3–6, fractions 18–21
containing undigested Siglec-F Ab; lane 7, fraction 22–23 containing mix-
ture of undigested Siglec-F Ab and Siglec-F Ab F(ab�)2fragment; lanes
8–14, fractions 24–30 containing F(ab�)2 fragments of Siglec-F Ab. The
undigested Siglec-F Ab is �150 kDa, whereas the F(ab�)2 fragment is
�105 kDa. B, SDS-PAGE 10% nonreducing and reducing gel. Depicted
are the undigested control IgG2a Ab (lane 1), the undigested anti-Siglec-F
Ab (lane 2), IEX fractions 24–30 containing the pepsin-cleaved F(ab�)2

fragment of the control IgG2a Ab (lane 3), and IEX fractions 24–30 con-
taining the pepsin-cleaved F(ab�)2 fragment of the anti-Siglec-F Ab (lane
4) run on a 10% SDS-polyacrylamide gel under nonreducing as well as
reducing conditions. The undigested Siglec-F Ab (and control Ab) are
�150 kDa, whereas the F(ab�)2 fragment is �105 kDa under nonreducing
conditions. Under reducing conditions the undigested Siglec-F Ab (and
control Ab) is �50 kDa, whereas the F(ab�)2 fragment is �26 kDa.

FIGURE 3. Effect of F(ab�)2 fragment of anti-Siglec-F Ab on levels of
eosinophils following acute OVA challenge. Different groups of mice re-
ceived either a F(ab�)2 fragment of an anti-Siglec-F Ab or a control Ab, i.p.
before each acute OVA challenge. Non-OVA-challenged mice served as a
control. Eosinophils in BAL fluid (A) and blood (B) were quantitated in
cytospin slides stained with Wright-Giemsa. Acute OVA challenge signif-
icantly increased the number of BAL eosinophils (�, p � 0.002) (A) and
blood eosinophils (�, p � 0.004) (Fig. 3B) compared with non-OVA-chal-
lenged mice. Administration of a F(ab�)2 fragment of the anti-Siglec-F Ab
significantly reduced levels of eosinophils in BAL fluid (A) (#, p � 0.01)
and blood (B) (#, p � 0.05) of acute OVA-challenged mice (acute OVA
plus F(ab�)2 of anti-Siglec-F Ab vs acute OVA plus F(ab�)2 of control Ab)
(n � 8 mice/group).
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Effect of anti-Siglec-F Ab on number of peribronchial mast cells

Chronic OVA challenge also induced a significant increase in the
number of peribronchial mast cells compared with non-OVA-chal-
lenged mice (5.6 � 0.6 vs 0 � 0 mast cells/bronchus; OVA vs no
OVA; p � 0.002) (Fig. 4C). In contrast to its effect on reducing the
number of peribronchial eosinophils, the anti-Siglec-F Ab did not
significantly reduce the number of peribronchial mast cells in
chronic OVA-challenged mice (5.6 � 0.6 vs 4.7 � 0.3 mast cells/
bronchus; OVA plus control Ab vs OVA plus anti-Siglec-F Ab;
p � NS) (Fig. 4C).

Effect of the anti-Siglec-F Ab on levels of cells other than
eosinophils and mast cells

Anti-Siglec-F Ab administration to OVA-challenged mice did not
significantly reduce levels of BAL lymphocytes ( p � 0.64), BAL
neutrophils ( p � 0.53), or BAL macrophages ( p � 0.15) as com-
pared with OVA-challenged mice treated with a control Ab (data
not shown). Administration of the anti-Siglec-F Ab to OVA-chal-
lenged mice reduced peripheral blood eosinophil levels ( p � 0.05)
(Fig. 1B) but did not significantly reduce total white blood cell
levels ( p � 0.15) (data not shown).

Effect of anti-Siglec-F Ab on levels of peribronchial fibrosis

Chronic OVA challenge induced a significant increase in levels of
peribronchial fibrosis as assessed by either levels of peribronchial
trichrome staining ( p � 0.006; OVA vs no OVA) (Fig. 5A) or
increases in lung collagen ( p � 0.01; OVA vs no OVA) (Fig. 5B)
compared with non-OVA-challenged mice. Administration of an
anti-Siglec-F Ab significantly reduced the amount of peribronchial
trichrome staining in chronic OVA-challenged mice (1.3 � 0.2 vs
0.6 � 1.0 �m2/�m peribronchial trichrome stained area; OVA
plus control Ab vs OVA plus anti-Siglec-F Ab; p � 0.01) (Fig.
5A), as well as the amount of lung collagen (1717 � 77 vs 1308 �
129 �g collagen/lung; OVA plus control Ab vs OVA plus anti-
Siglec-F Ab; p � 0.05) (Fig. 5B), compared with chronic OVA-
challenged mice administered a control Ab.

Effect of anti-Siglec-F Ab on number of peribronchial TGF-�1�

cells

As TGF-� has been implicated in peribronchial fibrosis in asthma
(33–35), we examined whether administration of the anti-Siglec-F
Ab reduced the number of TGF-�1� peribronchial cells. Chronic
OVA challenge induced a significant increase in the number of
TGF-�1� peribronchial cells ( p � 0.0001; OVA vs no OVA) (Fig.
5C) compared with non-OVA-challenged mice. Administration of
an anti-Siglec-F Ab significantly reduced the number of TGF-�1�

peribronchial cells in chronic OVA-challenged mice (83.3 � 2.8
vs 54.6 � 1.7 TGF-�1� cells/bronchus; OVA plus control Ab vs
OVA plus anti-Siglec-F Ab; p � 0.001) (Fig. 5C) compared with
chronic OVA-challenged mice administered a control Ab.

We also investigated whether administration of anti-Siglec-F
reduced the number of eosinophils expressing TGF-�1� cells
by quantitating the number of cells expressing MBP and
TGF-�1 as previously described in this laboratory (12). These
studies demonstrated that chronic OVA challenge significantly
increased the number of MBP�/TGF-�1� peribronchial cells
( p � 0.0001; OVA vs no OVA) (Fig. 5D) compared with non-
OVA-challenged mice. Administration of an anti-Siglec-F Ab
significantly reduced the number of MBP�/TGF-�1� peribron-
chial cells in chronic OVA-challenged mice ( p � 0.001) (Fig.
5D) compared with chronic OVA-challenged mice administered
a control Ab. Approximately two-thirds of all of the TGF-�1�

peribronchial cells were MBP�.

Effect of anti-Siglec-F Ab on number of peribronchial apoptotic
cells

As cross-linking Siglec-F (15) or Siglec-8 (25) in vitro induces
eosinophil apoptosis, we examined whether the reduced number of
lung eosinophils in anti-Siglec-F Ab-treated mice were associated
with increased eosinophil apoptosis. Chronic OVA challenge in-
duced a small but significant increase in the number of TUNEL�

peribronchial cells ( p � 0.002; OVA vs no OVA) (Fig. 6) com-
pared with non-OVA-challenged mice. Administration of an anti-
Siglec-F Ab induced a small but significant increase in the number
of TUNEL� peribronchial cells in chronic OVA-challenged mice

FIGURE 4. Effect of anti-Siglec-F Ab on chronic eosinophilic lung in-
flammation and levels of peribronchial mast cells. Different groups of mice
received either an anti-Siglec-F Ab or a control Ab i.p before each chronic
OVA challenge. Non-OVA-challenged mice served as a control. Eosino-
phils in BAL fluid were quantitated in cytospin slides stained with Wright-
Giemsa, whereas eosinophils in lung sections were quantitated by immu-
nostaining with an anti-MBP Ab. Peribronchial mast cells were detected by
chloroacetate esterase staining. Chronic OVA challenge induced a signif-
icant increase in the number of BAL eosinophils (�, p � 0.001) (A), peri-
bronchial eosinophils (�, p � 0.001) (B), and peribronchial mast cells (�,
p � 0.002) (C) compared with non-OVA-challenged mice. Administration
of an anti-Siglec-F Ab significantly reduced levels of eosinophils in BAL
fluid (A) (#, p � 0.003) and lung (B) (#, p � 0.002) of chronic OVA-
challenged mice (chronic OVA plus anti-Siglec-F Ab vs chronic OVA plus
control Ab), but did not influence the number of peribronchial mast cells
(p � NS) (C) (n � 16 mice/group).
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(3.7 � 0.3 vs 5.7 � 0.5 TUNEL� cells/bronchus; OVA plus
control Ab vs OVA plus anti-Siglec-F Ab; p � 0.003) (Fig. 6)
compared with chronic OVA-challenged mice administered a
control Ab.

Effect of an anti-Siglec-F Ab on the number of annexin
V�/CCR3� cells in BAL fluid and bone marrow

We performed FACS analysis of both BAL cells as well as bone
marrow cells using annexin V to detect apoptotic cells, and CCR3
to detect eosinophils. OVA-challenged mice pretreated in vivo
with an anti-Siglec-F Ab had a significant increase in the percent-
age of BAL annexin V�/CCR3� cells (13.0 � 1.5 vs 6.6 � 0.1%
apoptotic BAL eosinophils; OVA plus anti-Siglec-F Ab vs OVA
plus control Ab; p � 0.05) (Fig. 7A), as well as a significant in-
crease in the absolute number of annexin V�/CCR3� cells com-

pared with OVA-challenged mice pretreated with a control Ab
(19.4 � 2.2 vs 9.9 � 1.9 � 102 apoptotic BAL eosinophils; p �
0.05) (Fig. 7B).

Similarly, OVA-challenged mice pretreated in vivo with an anti-
Siglec-F Ab had a significant increase in the percentage of bone
marrow annexin V�/CCR3� cells (38.6 � 0.3 vs 22.9 � 1.4%
apoptotic bone marrow eosinophils; OVA plus anti-Siglec-F Ab vs
OVA plus control Ab; p � 0.05) (Fig. 7A), as well as a significant
increase in the absolute number of bone marrow annexin V�/
CCR3� cells compared with OVA-challenged mice pretreated
with a control Ab ( p � 0.05) (Fig. 7B).

Effect of anti-Siglec-F Ab on airway mucus expression

Chronic OVA challenge induced a significant increase in the num-
ber of PAS� mucus cells ( p � 0.002; OVA vs no OVA) (Fig. 5E)

FIGURE 5. Effect of anti-Siglec-F Ab on levels of peribronchial fibrosis and remodeling. Different groups of mice received either an anti-Siglec-F Ab
or a control Ab i.p. before each chronic OVA challenge. Non-OVA-challenged mice served as a control. Levels of peribronchial fibrosis were quantitated
in lung sections stained with trichrome by image analysis (A), as well as by assaying collagen levels in lungs (B). The numbers of peribronchial TGF-�1�

cells were quantitated by image analysis in lung sections immunostained with an anti-TGF-�1 Ab (C), as well as in lung sections stained with both an
anti-TGF-�1 and anti-MBP Ab (D). Levels of mucus expression were quantitated in lung sections stained with PAS (E) and the thickness of the smooth
muscle layer was quantitated in lung sections by immunohistochemistry (F). Chronic OVA challenge induced a significant increase in levels of peribron-
chial trichrome staining (�, p � 0.006) (A), lung collagen (�, p � 0.01) (B), the number of TGF-�1� peribronchial cells (�, p � 0.0001) (C), as well as
the number of MBP�/TGF-�1� peribronchial cells (�, p � 0.0001) (D) compared with non-OVA-challenged mice. Administration of an anti-Siglec-F Ab
significantly reduced levels of peribronchial trichrome staining (A) (#, p � 0.01), lung collagen levels (B) (#, p � 0.05), the number of peribronchial
TGF-�� cells (#, p � 0.001) (C), the number of MBP�/TGF-�1� peribronchial cells (#, p � 0.001) (D), the number of PAS� cells (#, p � 0.04) (E), and
the thickness of the smooth muscle layer (#, p � 0.04) (F) of chronic OVA-challenged mice (chronic OVA F(ab�)2 plus anti-Siglec-F Ab vs chronic OVA
plus control Ab) (n � 16 mice/group).
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compared with non-OVA-challenged mice. Although the airways
of anti-Siglec-F Ab-treated mice had a statistically significant re-
duction in mucus expression (60.8 � 2.2 vs 47.8 � 3.1% PAS�

cells/bronchus; OVA plus control Ab vs OVA plus anti-Siglec-F
Ab; p � 0.04) (Fig. 5E), the reduction in mucus expression in-
duced by the anti-Siglec-F Ab was not as marked as the reduction
in peribronchial fibrosis induced by the anti-Siglec-F Ab (Fig. 5A).

Effect of anti-Siglec-F Ab on peribronchial smooth muscle layer
thickness and airway hyperresponsiveness

Chronic OVA challenge induced a significant increase in the thick-
ness of the peribronchial smooth muscle layer ( p � 0.002; OVA

vs no OVA) (Fig. 5F), as well as a significant increase in levels of
airway responsiveness to Mch ( p � 0.01; chronic OVA vs no
OVA) (Table I) compared with non-OVA-challenged mice. The
anti-Siglec-F Ab-treated mice had a modest but statistically sig-
nificant reduction in the thickness of the peribronchial smooth
muscle layer (5.3 � 0.2 vs 4.3 � 0.2 �m smooth muscle layer
thickness; OVA plus control Ab vs OVA plus anti-Siglec-F Ab;
p � 0.04) (Fig. 5F). However, the anti-Siglec-F Ab did not reduce
airway responsiveness to Mch (Table I).

Discussion
In this study we have demonstrated that administration of an anti-
Siglec-F Ab to mice chronically challenged with allergen signifi-
cantly reduced levels of eosinophilic airway inflammation, as well
as levels of airway remodeling (in particular peribronchial fibro-
sis). The mechanism by which administration of the anti-Siglec-F
Ab reduces airway eosinophilic inflammation could theoretically

FIGURE 6. Effect of anti-Siglec-F Ab on the number of peribronchial
apoptotic cells. Different groups of mice received either an anti-Siglec-F
Ab or a control Ab i.p. before each chronic OVA challenge. Non-OVA-
challenged mice served as a control. The number of peribronchial apoptotic
cells were quantitated in lung sections by TUNEL staining. Administration
of an anti-Siglec-F Ab induced a statistically significant but small increase
in the number of TUNEL� cells (#, p � 0.003) of chronic OVA-challenged
mice (chronic OVA plus anti-Siglec-F Ab vs chronic OVA plus control
Ab) (n � 16 mice/group).

FIGURE 7. Effect of anti-Siglec-F Ab on the number of annexin V�/CCR3� cells in BAL fluid and bone marrow. FACS analysis was performed on
BAL cells as well as bone marrow (BM) cells using annexin V to detect apoptotic cells and CCR3 to detect eosinophils (n � 3 mice/group; one of the mouse
bone marrows was not processed). A, Percentage of annexin V�/CCR3� cells in BAL fluid and BM of individual mice challenged with OVA and pretreated
with either an anti-Siglec-F or control Ab. B, Absolute number of annexin V�/CCR3� cells in BAL fluid and BM of individual mice challenged with OVA
and pretreated with either an anti-Siglec-F or control Ab. OVA-challenged mice pretreated in vivo with an anti-Siglec-F Ab had a significant increase in
the percentage of BAL (p � 0.05) and BM (p � 0.05) annexin V�/CCR3� cells (A), as well as a significant increase in the absolute number of BAL (p �
0.05) and BM (p � 0.05) annexin V�/CCR3� cells compared with OVA-challenged mice pretreated with a control Ab (OVA plus anti-Siglec-F Ab vs OVA
plus control Ab) (B).

Table I. Airway resistance in anti-Siglec-F Ab-treated micea

Mouse Group (n � 12)

Airway Resistance

Diluent MCh

No OVA 0.6 � 0.02 2.1 � 0.2
Chronic OVA � control Ab 0.6 � 0.02 6.1 � 0.7
Chronic OVA � anti-Siglec-F Ab 0.7 � 0.08 6.4 � 1.3

a Airway resistance (cmH2O � s/ml) was measured in different groups of intubated
and ventilated mice following nebulization of either PBS diluent or MCh (24 mg/ml).
Chronic OVA challenge induced a significant increase in airway resistance (no OVA
vs Chronic OVA � control Ab; p � 0.01, 24 mg/ml MCh). The increase in airway
resistance following chronic OVA challenge was not statistically different in mice
pretreated with an anti-Siglec-F or control Ab (chronic OVA � anti-Siglec-F Ab vs
chronic OVA � control Ab; p � NS, 24 mg/ml MCh).
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be mediated by decreased trafficking of eosinophils into the lung
and/or increased clearance of eosinophils from the lung. Evidence
in support of the anti-Siglec-F Ab decreasing trafficking of eosin-
ophils into the lung is derived from our studies demonstrating that
anti-Siglec-F Ab-treated mice had significantly reduced numbers
of blood and bone marrow eosinophils following allergen chal-
lenge, suggesting that reduced numbers of circulating eosinophils
were available to traffick into the lung. Additionally, we demon-
strated that OVA-challenged mice pretreated with an anti-Siglec-F
Ab had increased numbers of annexin V�/CCR3� cells in the bone
marrow and BAL fluid, suggesting that the anti-Siglec-F Ab was
inducing apoptosis of eosinophils in the bone marrow as well as
BAL compartments. These effects of the anti-Siglec-F Ab would
both decrease the number of eosinophils in the bone marrow re-
leased into the circulation as well as increase the numbers of ap-
optotic cells in the lung. Cross-linking Siglec receptors on purified
populations of eosinophils in vitro induces an apoptotic response,
as has been demonstrated with Siglec-F in murine eosinophils
(15), as well as with Siglec-8 in human eosinophils (25). Our study
is also the first study to utilize F(ab�)2 fragments of the anti-
Siglec-F Ab to investigate the in vivo mechanism by which the
anti-Siglec-F Ab reduces levels of eosinophilic inflammation. As
administration of the F(ab�)2 fragments of the anti-Siglec-F Ab
inhibited levels of lung eosinophilic inflammation as effectively as
the intact anti-Siglec-F Ab, it is unlikely that eosinophils tagged
with the anti-Siglec-F Ab are being more rapidly cleared by the Fc
portion of the anti-Siglec-F Ab, or via complement activation.

In addition to reducing levels of eosinophilic inflammation in
the airway, the anti-Siglec-F Ab also significantly reduced levels
of allergen-induced airway remodeling in particular levels of peri-
bronchial fibrosis. As previous murine (33, 34) and human studies
(11, 35) have provided evidence of an important role for eosinophil
expression of TGF-�1 in contributing to airway remodeling, we
examined whether administration of the anti-Siglec-F Ab was as-
sociated with reduced numbers of peribronchial cells expressing
TGF-�1. These studies demonstrated that the anti-Siglec-F Ab not
only significantly reduced the number of peribronchial eosinophils
but also reduced the number of peribronchial eosinophils express-
ing TGF-�1, suggesting that reductions in TGF-�1 from eosino-
phils could significantly contribute to the observed decrease in
peribronchial fibrosis in anti-Siglec-F Ab-treated mice. The im-
portance of TGF-�1 to airway remodeling in the chronic OVA
model is supported by studies in anti-TGF-�-treated mice (34) as
well as in SMAD-3-deficient mice that are unable to signal
through TGF-� (33), both of which have significant reductions
in levels of peribronchial fibrosis when subjected to chronic
OVA allergen challenge. In contrast to the significant reduc-
tions in levels of peribronchial fibrosis induced by the anti-
Siglec-F Ab, the anti-Siglec-F Ab had a statistically significant
but more modest effect on reducing levels of mucus expression
and the thickness of the smooth muscle layer. The lack of effect
of the anti-Siglec-F Ab on reducing levels of airway respon-
siveness in mice subjected to chronic OVA challenge is similar
to our previous observation in Siglec-F-deficient mice chal-
lenged acutely with OVA whose levels of airway responsive-
ness do not differ from wild-type mice (15).

In contrast to reducing levels of peribronchial eosinophilic
inflammation, the anti-Siglec-F Ab did not reduce levels of
peribronchial mast cell accumulation. As studies using bone
marrow-derived murine mast cells demonstrate that these cells
do not express Siglec-F (17), the differing responses of eosin-
ophils and mast cells to anti-Siglec-F could be explained on the
basis of eosinophils, but not mast cells, expressing Siglec-F.

The anti-Siglec-F Ab also did not reduce levels of BAL lym-
phocytes, neutrophils, or macrophages.

In summary, in this study we have demonstrated that adminis-
tration of an anti-Siglec-F Ab to allergen-challenged mice signif-
icantly reduces levels of eosinophilic airway inflammation and
airway remodeling in particular subepithelial fibrosis. Although
anti-Siglec-F Ab administration significantly reduces levels of eo-
sinophilic inflammation in different tissue compartments including
the airway, the effect is incomplete. The mechanism by which the
anti-Siglec-F Ab reduces levels of eosinophilic inflammation in the
airway likely involves apoptotic effects in the bone marrow to
decrease the numbers of eosinophils available in the circulation to
traffick into the lung, as well as increased clearance of eosinophils
from the lung by means of increased apoptosis. This study also
demonstrated that F(ab�)2 fragments of the anti-Siglec-F Ab in-
hibited levels of eosinophilic inflammation in the lung as effec-
tively as did the intact anti-Siglec-F Ab, suggesting that eosino-
phils tagged with the anti-Siglec-F Ab are not being cleared
through a Fc receptor-mediated mechanism. Recent studies have
also demonstrated that administration of anti-Siglec-F Abs reduce
levels of eosinophilic inflammation in the gastrointestinal tract
(31), as well as in the blood and jejunum in an IL-5 transgenic
mouse model of the hypereosinophilic syndrome (36). The reduced
number of eosinophils expressing TGF-�1 in the lung in anti-
Siglec-F Ab-treated mice is likely to significantly contribute to
reduced levels of peribronchial fibrosis. Further studies targeting
the functional similar human paralog of Siglec-F (i.e., Siglec-8) are
needed to determine whether similar effects will be noted in human
subjects with asthma and airway remodeling.

Acknowledgments
The authors acknowledge the contribution of Cristina Pop (Burnham In-
stitute for Medical Research, La Jolla, CA) in assisting with the generation
of the F(ab�)2 Abs.

Disclosures
The authors have no financial conflicts of interest.

References
1. Rothenberg, M. E., and S. P. Hogan. 2006. The eosinophil. Annu. Rev. Immunol.

24: 147–174.
2. Broide, D. H., S. Sullivan, T. Gifford, and P. Sriramarao. 1998. Inhibition of

pulmonary eosinophilia in P-selectin- and ICAM-1-deficient mice. Am. J. Respir.
Cell Mol. Biol. 18: 218–225.

3. Sriramarao, P., R. G. DiScipio, R. R. Cobb, M. Cybulsky, G. Stachnick,
D. Castaneda, M. Elices, and D. H. Broide. 2000. VCAM-1 is more effective than
MAdCAM-1 in supporting eosinophil rolling under conditions of shear flow.
Blood 95: 592–601.

4. Rothenberg, M. E., J. A. MacLean, E. Pearlman, A. D. Luster, and P. Leder.
1997. Targeted disruption of the chemokine eotaxin partially reduces antigen-
induced tissue eosinophilia. J. Exp. Med. 185: 785–790.

5. Broide, D. H., M. M. Paine, and G. S. Firestein. 1992. Eosinophils express in-
terleukin 5 and granulocyte macrophage-colony-stimulating factor mRNA at sites
of allergic inflammation in asthmatics. J. Clin. Invest. 90: 1414–1424.

6. Sur, S., G. J. Gleich, M. C. Swanson, K. R. Bartemes, and D. H. Broide. 1995.
Eosinophilic inflammation is associated with elevation of interleukin-5 in the
airways of patients with spontaneous symptomatic asthma. J. Allergy Clin. Im-
munol. 96: 661–668.

7. O’Byrne, P. M., M. D. Inman, and K. Parameswaran. 2001. The trials and trib-
ulations of IL-5, eosinophils, and allergic asthma. J. Allergy Clin. Immunol. 108:
503–508.

8. Bochner, B. S. 2004. Verdict in the case of therapies versus eosinophils: the jury
is still out. J. Allergy Clin. Immunol. 113: 3–9.

9. Leckie, M. J., B. A. ten Brinke, J. Khan, Z. Diamant, B. J. O’Connor,
C. M. Walls, A. K. Mathur, H. C. Lowley, F. Chung, R. Djukanovic, et al. 2000.
Effects of an interleukin-5 blocking monoclonal antibody on eosinophils, airway
hyper-responsiveness, and the late asthmatic response. Lancet 356: 2144–2148.

10. Flood-Page, P., C. Swenson, I. Faiferman, J. Matthews, M. Williams,
L. Brannick, D. Robinson, S. Wenzel, W. Busse, T. T. Hansel, N. C. Barnes, and
on behalf of the International Mepolizumab Study Group. 2007. A study to eval-
uate safety and efficacy of mepolizumab in patients with moderate persistent
asthma. Am. J. Respir. Crit. Care Med. 176: 1062–1071.

5340 ANTI-SIGLEC-F AND REMODELING



11. Flood-Page, P., A. Menzies-Gow, S. Phipps, S. Ying, A. Wangoo, M. S. Ludwig,
N. Barnes, D. Robinson, and A. B. Kay. 2003. Anti-IL-5 treatment reduces dep-
osition of ECM proteins in the bronchial subepithelial basement membrane of
mild atopic asthmatics. J. Clin. Invest. 112: 1029–1036.

12. Cho, J. Y., M. Miller, K. J. Baek, J. W. Han, J. Nayar, S. Y. Lee, K. McElwain,
S. McElwain, S. Friedman, and D. H. Broide. 2004. Inhibition of airway remod-
eling in IL-5-deficient mice. J. Clin. Invest. 113: 551–560.

13. Flood-Page, P. T., A. N. Menzies-Gow, A. B. Kay, and D. S. Robinson. 2003.
Eosinophils’ role remains uncertain as anti-interleukin-5 only partially depletes
numbers in asthmatic airway. Am. J. Respir. Crit. Care Med. 167: 199–204.

14. Crocker, P. R., J. C. Paulson, and Varki, A. 2007. Siglecs and their roles in the
immune system. Nat. Rev. Immunol. 7: 255–266.

15. Zhang, M., T. Angata, J. Y. Cho, M. Miller, D. H. Broide, and A. Varki. 2007.
Defining the in vivo function of Siglec-F, a CD33-related Siglec expressed on
mouse eosinophils. Blood 109: 4280–4287.

16. Angata, T., R. Hingorani, N. M. Varki, and A. Varki. 2001. Cloning and char-
acterization of a novel mouse Siglec, mSiglec-F: differential evolution of the
mouse and human (CD33) Siglec-3-related gene clusters. J. Biol. Chem. 276:
45128–45136.

17. Tateno, H., P. R. Crocker, and J. C. Paulson. 2005. Mouse Siglec-F and human
Siglec-8 are functionally convergent paralogs that are selectively expressed on
eosinophils and recognize 6�-sulfo-sialyl Lewis X as a preferred glycan ligand.
Glycobiology 15: 1125–1135.

18. Aizawa, H., N. Zimmermann, P. E. Carrigan, J. J. Lee, M. E. Rothenberg, and
B. S. Bochner. 2003. Molecular analysis of human Siglec-8 orthologs relevant to
mouse eosinophils: identification of mouse orthologs of Siglec-5 (mSiglec-F) and
Siglec-10 (mSiglec-G). Genomics 82: 521–530.

19. Bochner, B. S., R. A. Alvarez, P. Mehta, N. V. Bovin, O. Blixt, J. R. White, and
R. L. Schnaar. 2005. Glycan array screening reveals a candidate ligand for Si-
glec-8. J. Biol. Chem. 280: 4307–4312.

20. Kikly, K. K., B. S. Bochner, S. Freeman, K. B. Tan, K. T. Gallagher, K.
D’Alessio, S. D. Holmes, J. Abrahamson, C. B. Hopson, E. I. Fischer, et al. 2000.
Identification of SAF-2, a novel Siglec expressed on eosinophils, mast cells, and
basophils. J. Allergy Clin. Immunol. 105: 1093–1100.

21. Floyd, H., J. Ni, A. L. Cornish, Z. Zeng, D. Liu, K. C. Carter, J. Steel, and
P. R. Crocker. 2000. Siglec-8. A novel eosinophil-specific member of the im-
munoglobulin superfamily. J. Biol. Chem. 275: 861–866.

22. Ravetch, J. V., and L. L. Lanier. 2000. Immune inhibitory receptors. Science 290:
84–89.

23. Avril, T., H. Floyd, F. Lopez, E. Vivier, and P. R. Crocker. 2004. The membrane-
proximal immunoreceptor tyrosine-based inhibitory motif is critical for the in-
hibitory signaling mediated by Siglecs-7 and -9: CD33-related Siglecs expressed
on human monocytes and NK cells. J. Immunol. 173: 6841–6849.

24. Vitale, C., C. Romagnani, M. Falco, M. Ponte, M. Vitale, A. Moretta,
A. Bacigalupo, L. Moretta, and M. C. Mingari. 1999. Engagement of p75/AIRM1

or CD33 inhibits the proliferation of normal or leukemic myeloid cells. Proc.
Natl. Acad. Sci. USA 96: 15091–15096.

25. Nutku, E., H. Aizawa, S. A. Hudson, and B. S. Bochner. 2003. Ligation of
Siglec-8: a selective mechanism for induction of human eosinophil apoptosis.
Blood 101: 5014–5020.

26. von Gunten, S., S. Yousefi, M. Seitz, S. M. Jakob, T. Schaffner, R. Seger, J
Takala, P. M. Villiger, and H. U. Simon. 2005. Siglec-9 transduces apoptotic and
nonapoptotic death signals into neutrophils depending on the proinflammatory
cytokine environment. Blood 106: 1423–1431.

27. Broide, D., J. Schwarze, H. Tighe, T. Gifford, M. D. Nguyen, S. Malek,
J. V. Uden, E. Martin-Orozco, E. W. Gelfand, and E. Raz. 1998. Immunostimu-
latory DNA sequences inhibit IL-5, eosinophilic inflammation, and airway hy-
perresponsiveness in mice. J. Immunol. 161: 7054–7062.

28. Ljunglof, A., K. M. Lacki, J. Mueller, C. Harinarayan, R. van Reis, R. Fahrner,
and J. M. Van Alstine. 2007. Ion Exchange chromatography of antibody frag-
ments. Biotechnol. Bioeng. 96: 515–524.

29. Ikeda, R. K., M. Miller, J. Nayar, L. Walker, J. Y. Cho, K. McElwain,
S. McElwain, E. Raz, and D. H. Broide. 2003. Accumulation of peribronchial
mast cells in a mouse model of ovalbumin allergen induced chronic airway in-
flammation: modulation by immunostimulatory DNA sequences. J. Immunol.
171: 4860–4867.

30. Lim, D. H., J. Y. Cho, M. Miller, K. McElwain, S. McElwain, and D. H. Broide.
2006. Reduced peribronchial fibrosis in allergen-challenged MMP-9-deficient
mice. Am. J. Physiol. 291: L265–L271.

31. Song, D. J., J. Y. Cho, M. Miller, W. Strangman, M. Zhang, A. Varki, and
D. H. Broide. 2009. Anti-Siglec-F antibody inhibits oral egg allergen induced
intestinal eosinophilic inflammation in a mouse model. Clin. Immunol. 131:
157–169.

32. Doherty, T. A., P. Soroosh, D. H. Broide, and M. Croft. 2009. CD4� cells are
required for chronic eosinophilic lung inflammation but not airway remodeling.
Am. J. Physiol. 296: L229–L235.

33. Le, A. V., J. Y. Cho, M. Miller, S. McElwain, K. Golgotiu, and D. H. Broide.
2007. Inhibition of allergen-induced airway remodeling in Smad 3-deficient mice.
J. Immunol. 178: 7310–7316.

34. McMillan, S. J., G. Xanthou, and C. M. Lloyd. 2005. Manipulation of allergen-
induced airway remodeling by treatment with anti-TGF-� antibody: effect on the
Smad signaling pathway. J. Immunol. 174: 5774–5780.

35. Hoshino, M., Y. Nakamura, and J. J. Sim. 1998. Expression of growth factors and
remodelling of the airway wall in bronchial asthma. Thorax 53: 21–27.

36. Zimmerman, N., M. L. McBride, Y. Yamada, S. A. Hudson, C. Jones,
K. D. Cromie, P. R. Crocker, M. E. Rothenberg, and B. S. Bochner. 2008. Si-
glec-F antibody administration to mice selectively reduces blood and tissue eo-
sinophils. Allergy 63: 1156–1163.

5341The Journal of Immunology


