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Abstract

Background—Siglec-8 is present at a high level on human blood eosinophils and low level on 

blood basophils. Engagement of Siglec-8 on blood eosinophils causes its internalization and 

results in apoptosis. Siglec-8 is a potential therapeutic target in eosinophilic asthma.

Objectives—To determine Siglec-8 levels on eosinophils and basophils recruited during lung 

inflammation.

Method—We analyzed surface Siglec-8 by flow cytometry on cells obtained by bronchoalveolar 

lavage (BAL) 48 h after segmental lung allergen challenge of human subjects with mild allergic 

asthma and used confocal microscopy to compare Siglec-8 distribution on BAL and blood 

eosinophils.

Results—Like their blood counterparts, BAL eosinophils had high unimodal surface Siglec-8, 

while BAL basophils had lower but detectable surface Siglec-8. BAL macrophages, monocytes, 

neutrophils, and plasmacytoid dendritic cells did not express surface Siglec-8. Microscopy of 

freshly isolated blood eosinophils demonstrated homogeneous Siglec-8 distribution over the cell 

surface. Upon incubation with IL-5, Siglec-8 on the surface of eosinophils became localized in 
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patches both at the nucleopod tip and at the opposite cell pole. BAL eosinophils also had a patchy 

Siglec-8 distribution.

Conclusions—We conclude that 48 h after segmental allergen challenge, overall levels of 

Siglec-8 expression on airway eosinophils resemble those on blood eosinophils, but with a 

patchier distribution, a pattern consistent with activation. Thus, therapeutic targeting of Siglec-8 

has the potential to impact blood as well as lung eosinophils, which may be associated with 

improved outcome in eosinophilic lung diseases.
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2. Introduction

Asthma is frequently characterized by eosinophil-rich airway inflammation [1]. Airway 

eosinophilia is associated with asthma exacerbations [2,3] and appears to play a role in 

airway remodeling [4,5]. Eosinophils become activated, arrest, extravasate, and move 

through the bronchial tissue and lumen, and display increased survival in asthma [6–8]. Cell-

surface glycan-binding proteins may modulate eosinophil function, particularly recruitment 

and survival, and such interactions may be exploited therapeutically in asthma and other 

eosinophilic diseases [9,10]. Siglec-8 is one such glycan-binding protein, highly expressed 

on the surface of human blood eosinophils, expressed at a low level on blood basophils, and 

also expressed on mast cells, e.g., cultured and derived from cord blood [9,11]. Siglec-8 

levels on airway cells have not been characterized. As Siglec-8 is a potential therapeutic 

target and as airway cells, particularly eosinophils, are relevant effector cells for the clinical 

expression of asthma [1], it is necessary to determine whether human airway eosinophils and 

basophils, which likely are activated in vivo, retain surface Siglec-8, and whether other 

airway cells express surface Siglec-8.

Engagement of Siglec-8 on blood eosinophils causes its internalization and results in 

apoptosis [9,12,13]. Paradoxically, Siglec-8-dependent apoptosis is amplified when 

eosinophils have been primed or activated with IL-5, GM-CSF, or IL-33 [9,12,14,15], or 

primed in vivo during allergic inflammation [14]. The presence of an inhibitory motif in the 

cytoplasmic domain indicates that Siglec-8 should be involved in negative cell signaling [9]. 

Recent observations indicate that Siglec-8 can, after IL-5 priming, initiate cell signaling 

leading to eosinophil apoptosis via phosphorylation of intracellular signaling proteins and β2 

integrin-dependent adhesion [9,16,17]. Siglec-8-directed therapeutics are currently being 

developed. A preliminary report involving a phase 1 study in healthy adult volunteers 

showed that a single intravenous infusion of a humanized afucosylated IgG1 monoclonal 

antibody (mAb) against Siglec-8 (called AK002) rapidly and selectively depletes blood 

eosinophils in a sustained manner for at least 84 days [18]. Given the selective expression of 

Siglec-8 on both eosinophils and mast cells, AK002 is currently undergoing clinical trials in 

eosinophil- and mast cell associated diseases including refractory chronic urticaria (NCT 

[national clinical trial] 03436797), severe forms of allergic conjunctivitis (NCT03379311), 

and indolent systemic mastocytosis (NCT02808793).
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IL-5 causes blood eosinophils in suspension to undergo acute shape change and polarize, 

with granules moving to one pole and the nucleus to the opposite pole into a specialized 

uropod, the “nucleopod” [19]. The nucleopod is enriched in cell surface receptors including 

P-selectin glycoprotein ligand-1 (PSGL1, CD162); PSGL1 localization on the surface of 

IL-5-activated eosinophils can be regarded as a reporter of cell activation [19]. However, cell 

shape and polarization, and localization of cell surface receptors have not been studied on 

airway eosinophils.

In allergic human subjects, segmental bronchoprovocation with allergen is a model of 

allergic airway inflammation that induces intense local recruitment of inflammatory cells, 

including eosinophils and basophils [20]. We utilized this model to characterize Siglec-8 

expression and localization on cells in bronchoalveolar lavage (BAL).

3. Materials and Methods

3.1. Subjects for segmental lung allergen challenge

Eight subjects with mild allergic asthma who were allergic to ragweed, house dust mite, or 

cat dander were screened and enrolled as described [21,22]. At least four weeks before 

bronchoscopy, subjects underwent a whole-lung inhaled allergen (ragweed, house dust mite, 

or cat dander) challenge to determine the provocative dose of antigen producing a 20% fall 

in forced expiratory volume in 1 s (AgPD20) [21,23,24]. These studies were approved by the 

University of Wisconsin-Madison Health Sciences Institutional Review Board. Informed 

written consent was obtained from each subject before participation (protocol No. 

2016-0021 for bronchoalveolar lavage study and No. 2013-1570 for eosinophil purification).

3.2. Segmental bronchoprovocation with allergen, bronchoalveolar lavage, and blood 
draws

Allergen was administered by bronchoscopy as previously described [21]. Briefly, two 

bronchopulmonary segments were lavaged (160 ml sterile 0.9% NaCl) and then a dose of 

10% of the subject’s AgPD20 was administered into one segment and, when this was well 

tolerated, a dose of 20% of the AgPD20 was instilled in the second segment [21]. 

Bronchoscopy with BAL was repeated 48 h later and BAL recovered from the two segments 

was pooled [21]. Blood was obtained from each subject on the same day as the second 

bronchoscopy, when BAL was performed.

3.3. Three-color flow cytometry detection of Siglec-8 on airway and blood cell populations

Antibodies and reagents used for three-color analysis were the following. Fluorescein 

isothiocyanate (FITC)-conjugated anti-CD14 mAb clone M5E2 and anti-CD16 clone 3G8 

[23]; phycoerythrin (PE)-conjugated anti-CD11b (αM integrin) clone D12, anti-CD14 clone 

MΦP9, anti-CCR3 (CD193) clone 5E8, anti-CD206 clone 19.2, and mouse IgG1 clone 

MOPC-21; human Fc block; and Calibrite two-color kit were from BD Biosciences (San 

Jose, CA, USA). FITC-conjugated anti-CD45 clone 2D1 and RBC lysis buffer were from 

eBioscience/ThermoFisher Scientific (Waltham, MA, USA). Alexa Fluor (AF) 647-

conjugated mouse IgG1 isotype control clone MOPC-21 was from BioLegend (San Diego, 

CA, USA). PE-conjugated anti-Siglec-8 clone 837535 was from R&D Systems 
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(Minneapolis, MN, USA). AF647-conjugated F(ab’)2 of clone 2E2 [12] was a gift from Drs. 

Rustom Falahati, Nenad Tomasevic, and Christopher Bebbington (Allakos Inc., San Carlos, 

CA) to the University of Wisconsin-Madison. Paraformaldehyde 16% solution, EM grade, 

methanol-free, was from Electron Microscopy Services (Hatfield, PA, USA). Mid-range 

one-peak rainbow fluorescent beads [25] were from Spherotech (Lake Forest, IL, USA). 

AF647 fluorescence reference standard microbeads were from Bangs Laboratories (Fishers, 

IN, USA).

Whole unfractionated BAL cells (4 × 105) or blood (100 µl) from three subjects (BAL cells 

and blood from the same subjects) obtained 48 h after segmental lung allergen challenge 

were processed for flow cytometry as follows. In some tubes, BAL cells (in 50 µl) were first 

incubated with 5 µl FITC-conjugated anti-CD16 and 50 µl FACS buffer (2% BSA in PBS) in 

the dark for 30 minutes at 4°C. One ml of phosphate-buffered saline (PBS), pH 7.4, was then 

added, tubes were centrifuged for 10 minutes at 260 g (1200 rpm in a Sorvall Technospin R 

centrifuge, Du Pont, Wilmington, DE, USA), and the cell pellet was resuspended in 50 µl 

FACS buffer. Then or in other tubes that were not incubated initially with anti-CD16, the 

cells in 50 µl were incubated with 5 µl of BD Fc block for 10 minutes at room temperature. 

Another 50 µl FACS buffer was added plus a mixture of directly labeled antibodies (0.1 µg 

of AF647-anti-Siglec-8 or 5 µl isotype control and 5 µl of FITC-conjugated anti-CD14 [to 

anti-CD16-treated samples] or FITC-conjugated anti-CD45 [to samples not treated with 

anti-CD16] and 5 µl PE-conjugated anti-CCR3). In addition, in each experiment, one tube 

contained “leukogate”, i.e., FITC-anti-CD45 and 20 µl of PE-conjugated anti-CD14. The 

mixtures were incubated for 30 minutes at 4°C. Samples were then washed with 1 ml PBS. 

After centrifugation, cells stained with directly labeled primary antibodies were resuspended 

in 250 µl 1% paraformaldehyde in PBS, stored at 4°C, and then washed with 1 ml PBS and 

resuspended in 250 µl FACS buffer just before data collection.

Blood drawn into vacuum tubes containing CTAD (citrate, theophylline, adenosine, and 

dipyridamole) anticoagulant solution (BD Vacutainer Systems, Franklin Lakes, NJ, USA) as 

before [23] was incubated with 1 ml of the eBioscience/ThermoFisher RBC lysis buffer for 

15 minutes at room temperature. Tubes were centrifuged at room temperature. The leukocyte 

pellet was resuspended in 500 µl PBS and centrifuged again. The blood leukocytes were 

then resuspended in 50 µl FACS buffer and processed as described above for BAL cells.

Data were collected (from 3 × 104 – 2 × 105 events), using a FACSCalibur (BD Biosciences) 

at the University of Wisconsin Carbone Cancer Center Flow Laboratory, analyzed with 

FlowJo 7.6.5, and are described as specific geometric mean channel fluorescence (gMCF) as 

before [21,23,25,26]. In one experiment, isotype controls were not included for all 

conditions. For these conditions in this experiment, the value of the mean of the isotype 

control from the relevant conditions in the other experiments was used. Rainbow beads were 

run at setup to set the sensitivity of the detectors at a fluorescence intensity standardized for 

all subjects [23,25,26]. Compensation was performed with unlabeled, FITC-labeled, and PE-

labeled Calibrite (BD), and AF647 (Bangs) beads.

BAL cells were gated as shown in Figure 1 and described in the legend. Specifically, 

eosinophils were identified as having high side scatter (SSC) and were negative for CD14 
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and CD16, although had some autofluorescence in the FITC channel [21,24,27]. Regions 

within the SSC versus forward scatter (FSC) plot were compared to SSC versus FITC-anti-

CD14/CD16 [21,23] and backgated on a “leukogate” plot of PE-anti-CD14 versus FITC-

anti-CD45 as before [27], confirming that eosinophils are CD45-bright and CD14-negative 

but with some autofluorescence also in the PE channel [27], whereas monocytes are CD45-

bright and CD14-very bright, macrophages are CD45-very bright and CD14-bright, and 

basophils CD45-intermediate (dimmer than lymphocytes [28]) and CD14-negative. In 

addition, in some experiments cells were also stained for CD11b and CD206, confirming 

that eosinophils are CCR3-positive, CD11b-positive, and CD206-negative; monocytes and 

macrophages CCR3-negative, CD11b-positive, and CD206-positive; and basophils CCR3-

positive and CD11b-positive. Blood leukocytes were gated according to the same principles 

(not shown), also first by scatter, then compared to SSC versus CD14/CD16 [23,25,26,29] 

and backgated on CD14 versus CD45 [27], and resulted in the same populations, except that 

macrophages were absent and neutrophils were confirmed as having intermediate SSC and 

being CD16-positive [21] as well as CD45-intermediate and CD14-negative (not shown).

3.4. Seven-color flow cytometry for confirmation of Siglec 8 expression on airway and 
blood cell populations

The following directly conjugated antibodies were used for the 7-color flow cytometry 

panel. FITC-conjugated antibodies to lineage markers (CD3 clone SK7, CD16 clone 3G3, 

CD19 clone 4G7, and CD56 clone NCAM-16.2; all from BD Biosciences); brilliant 

ultraviolet (BUV) 395-conjugated anti-CD14 (clone MφP9, BD Biosciences); brilliant violet 

(BV) 510-conjugated anti-CD45 (clone H130, BioLegend); AF647-conjugated anti-Siglec 8 

F(ab’)2 fragment of clone 2E2 (gift from Allakos as above); PE-conjugated anti-CD203c 

(clone Np4D6, BD Biosciences), PE-anti-FceRI (high-affinity receptor for the Fc region of 

IgE, clone AER-37, eBioscience), or PE-cyanin (Cy) 7-conjugated anti-CD123 (clone 6H6, 

eBioscience/ThermoFisher); and BV421-conjugated anti-HLA-DR (HLA – antigen D 

related, clone G46-6, BD Biosciences).

The seven-color flow cytometry method was performed on blood and BAL obtained 48 h 

after segmental lung allergen challenge from three subjects who were different from the 

subjects used for the 3-color method described above in section 3.3. Blood was collected 

into EDTA and treated for 5 minutes at room temperature with a lysis buffer (0.8% NH4Cl, 

10 mM KHCO3, 0.1 mM EDTA in double distilled H2O) to remove RBCs. Lysed whole 

blood or unseparated BAL cells (1–2 × 106) obtained 48 h after segmental lung allergen 

challenge were washed and resuspended at 2.5 million per tube in 80 µl of FACS buffer. 

Cells were stained for 15 minutes with a cocktail containing 5 µl each of FITC-conjugated 

mAbs to CD3, CD16, CD19, and CD56. Human BD Fc block (5 µl) was added for an 

additional 10 minutes. Cells were washed in FACS buffer and resuspended in 50 µl of BD 

brilliant staining buffer followed by the addition of 50 µl of a cocktail containing 

predetermined optimized concentrations of the above antibodies (generally 1–2.5 µl per 

tube) in brilliant staining buffer. Fluorescence minus one (FMO) controls were also prepared 

to allow accurate delineation of positively stained cells. Cells were incubated in the dark at 

room temperature for 30 min, washed twice with FACS buffer, and then fixed overnight in 

1% formaldehyde. Data acquisition (of 4 × 105 – 1 × 106 events) was performed on a five-
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laser 18-detector BD LSRII flow cytometer at the University of Wisconsin Carbone Cancer 

Center Flow Laboratory. Automated compensation was performed with FlowJo 10.4 

(TreeStar, Ashland, OR, USA), using data obtained from antibody-capture compensation 

beads (UltraComp eBeads, eBioscience) stained with the same antibody-fluorophore 

reagents used for the cells. Because there was poor binding of the AF647-conjugated anti-

Siglec8 F(ab’)2 fragment to the compensation beads, an irrelevant AF647 antibody was used 

for compensation.

Cell populations were defined as shown in Figure 2. CD45-bright leukocytes were 

distinguished from non-cellular debris. Within the CD45-bright region, three populations 

were identified as CD14-bright (monocytes and alveolar macrophages), autofluorescent 

(eosinophils and neutrophils), and CD14-negative (basophils, dendritic cells, lymphocytes). 

The CD14-positive cells were further defined as CD14-very bright and HLA-DR-positive 

monocytes and CD14-moderate and HLA-DR-positive alveolar macrophages. 

Contaminating T cells, neutrophils, B cells, natural killer cells were eliminated using CD3/

CD16/CD19/CD56 staining with FSC. Doublets were rejected using FSC height versus area. 

Autofluorescent cells within the BUV395 channel were distinguished using CD3/CD16/

CD19/CD56 and SSC. Eosinophils were autofluorescent in the FITC channel with high SSC 

and neutrophils, which express CD16, were identified within the CD3/CD16/CD19/CD56-

bright population as having moderate SSC. Doublets were eliminated using FSC height 

versus area. To identify basophils and plasmacytoid dendritic cells (pDCs) within the CD14-

negative gate, doublets were removed using FSC height versus area and FSC width versus 

area. Basophils were defined as CD123-bright and FcεRI-bright, while pDCs were defined 

as CD123-bright and FcεRI-moderate. pDCs also expressed HLA-DR (not shown). Siglec-8 

expression on each gated population within the fully stained sample was compared to 

comparable populations within the FMO sample containing all antibodies minus the one AF-

anti-Siglec-8 antibody.

3.5. Eosinophil purification and immunofluorescence confocal microscopy

For localization of Siglec-8 by confocal microscopy, BAL eosinophils obtained 48 h after 

segmental lung allergen challenge were purified, from two subjects who were different from 

the 6 subjects used for flow cytometry described above in sections 3.3 and 3.4, using a two-

step Percoll gradient as described [22,24,30] and blood eosinophils were purified from 

heparinized blood from two control donors (not exposed to allergen challenge) by negative 

selection using a cocktail of anti-CD16, anti-CD14, anti-CD3, and anti-glycophorin beads as 

before [31]. After purification, eosinophils were resuspended at 2.5 × 106/ml in Roswell 

Park Memorial Institute (RPMI) medium with 0.1% BSA, and equilibrated for 1 h at 37°C 

[19]. Blood eosinophils were then incubated with or without recombinant IL-5 (R&D 

Systems) (50 ng/ml) for 10 minutes at 37°C. Cells were fixed by adding an equal volume of 

7.4% paraformaldehyde in PBS (giving a final concentration of 3.7% paraformaldehyde) for 

10 minutes at room temperature and quenched by centrifugation and resuspension in the 

same total volume of 0.1 M glycine in PBS [19] and incubation for 10 minutes at room 

temperature. One hundred µl (250,000) cells were cytospun as described [19] onto 12 mm 

coverslips, which previously had been coated with 0.1% poly-L-lysine solution (0.1%) 

(Sigma-Aldrich, St. Louis, MO, USA) for 1 h at room temperature, washed four times with 
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H2O, washed with 95% ethanol, and dried. Coverslips were placed in wells in 24-well 

plates, blocked with 3% BSA in PBS containing 0.02% NaN3, and then stained, mounted, 

and viewed by immunofluorescence microscopy and photographed as described [31], using 

unlabeled anti-Siglec-8 (clone 2E2, gift from Allakos as above) or anti-PSGL1 (clone 

KPL-1 [31], BioLegend) and AF488-conjugated anti-mouse F(ab’)2 secondary antibody 

(Cell Signaling Technology, Danvers, MA, USA), and visualizing nuclei with 4’,6-

diamidino-2-phenylindole (DAPI) (Life Technologies, Eugene, OR, USA). A 60× oil 

immersion objective was used [31]. Cell circumference and peripheral staining were 

quantified using the Fiji version of ImageJ (http://fiji.sc/Fiji) as before [31].

3.6. Statistical analysis

Paired t test was used to compare flow cytometry data between two groups of cells from the 

same subjects. Unpaired t test was used to compare quantified image data between two 

groups of cells. P ≤ 0.05 was considered significant. Analyses were performed using Prism 

(GraphPad, San Diego, CA, USA).

4. Results

4.1. Siglec-8 is expressed on BAL eosinophils and basophils

To determine Siglec-8 expression on human airway cells, we first used 3-color flow 

cytometry similar to protocols we have used before and analyzed cells recovered by BAL 48 

h after segmental lung allergen challenge of subjects with allergic asthma [20]. BAL cells 

were gated as shown in Figure 1. BAL eosinophils had high unimodal surface Siglec-8 

expression (Figures 1 and 3). Basophils, which like eosinophils are found in BAL after 

segmental antigen challenge [32], had detectable Siglec-8 expression, which was lower than 

that of eosinophils (Figures 1 and 3). BAL monocytes and macrophages had no Siglec-8 

(Figures 1 and 3). BAL eosinophil Siglec-8 expression at 48 h was similar to that on blood 

eosinophils, i.e., there was no significant difference among eosinophil Siglec-8 levels in 

BAL and blood at 48 h (specific gMCF for BAL 1030 ± 50, blood 890 ± 100, means ± 

standard deviation [SD]). In addition to expression on blood eosinophils, Siglec-8 was 

detected at low levels on blood basophils as demonstrated before [9,11], but not on blood 

monocytes or neutrophils (not shown for the 3-color protocol, but see below), as expected 

[9].

4.2. Confirmation of Siglec-8 expression on cell subsets by 7-color flow cytometry

A 7-color flow cytometry panel was developed to more definitively identify individual BAL 

cell populations, particularly basophils, which have similar FSC and SSC as dendritic cells 

and lymphocytes in a different set of subjects. Utilization of the 7-color panel confirmed 

results from the 3-color flow cytometric analysis in the first set of subjects showing Siglec-8 

expression on eosinophils and basophils in BAL and blood, with no detectable expression on 

monocytes, macrophages, neutrophils, and pDCs (Figure 4). There was no detectable 

Siglec-8 on cells within the CD14-negative gate that were positive for CD3/CD19/CD56 

(not shown), indicating that T, B, and NK cells are also negative for Siglec-8. Cells fitting 

criteria of mast cells, which would be expected to have intermediate-high SSC and be 
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FcεRI-positive [33] and which have been reported to express Siglec-8 [9,11], were not 

detected in the BAL 48 h after segmental allergen challenge.

4.3. Siglec-8 localization on the surface of BAL eosinophils

Immunofluorescence confocal microscopy was used to determine the localization of 

Siglec-8 on airway eosinophils compared to resting and IL-5-activated blood eosinophils. 

On unactivated blood eosinophils, Siglec-8 was homogeneously distributed around the cell 

periphery (Figure 5A). Upon acute IL-5 activation, blood eosinophils underwent 

characteristic shape change [19] and Siglec-8 became patchier and localized at the tip of the 

nucleopod and at the opposite pole of the cell (Figure 5B). On BAL eosinophils, Siglec-8 

was also localized in patches at different sites around the cell periphery (Figure 5C). 

Quantitation of Siglec-8 localization, as percentage of cell circumference, confirmed the 

visual impression that on BAL eosinophils and IL-5-activated blood eosinophils Siglec-8 

was more focused in patches and covered a significantly smaller proportion of the cell 

periphery than on unactivated blood eosinophils (Figure 5D). In addition, there was a trend 

to greater variation among BAL eosinophils (CV = 51%) than on unactivated or activated 

blood eosinophils (CV = 15% and 44%, respectively).

4.4. PSGL1 localization on the surface of BAL eosinophils

In order to compare the Siglec-8 cellular distribution pattern to a reference protein that we 

have imaged before in cytospun unactivated and IL-5-activated blood eosinophils [19] but 

not in BAL eosinophils, we also stained eosinophils for PSGL1, whose localization can be 

regarded as a reporter of cell activation and a positive control that activation has occurred. 

On unactivated blood eosinophils, PSGL1, like Siglec-8 and as seen previously [19], was 

distributed evenly around the cell circumference (Figure 6A). On IL-5-activated eosinophils, 

it was, also as before [19], concentrated at the nucleopod tip (Figure 6B). On BAL 

eosinophils, PSGL1 localization was found to be heterogeneous with some cells having 

PSGL1 localized at the tip, some cells having PSGL1 in a crescent, and some cells 

appearing similar to unactivated ones (Figure 6C). PSGL1 and Siglec-8 distribution on IL-5-

activated blood eosinophils and BAL eosinophils were different in that Siglec-8 often had a 

distribution in several patches per cell while PSGL1 localization was focused at one site per 

cell (compare Figure 5B and C with Figure 6B and C). Quantitation confirmed that on BAL 

eosinophils and IL-5-activated blood eosinophils PSGL1 covered a significantly smaller part 

of the cell circumference than on unactivated blood eosinophils (Figure 6D). Further, as with 

Siglec-8, there was a trend to greater variation in PSGL1 staining on BAL eosinophils (CV = 

61%) than on unactivated or activated blood eosinophils (CV = 21% and 49%, respectively). 

Finally, quantitative comparison between Siglec-8 and PSGL1 demonstrated that on IL-5-

activated blood eosinophils, PSGL-1 covered a significantly smaller proportion than did 

Siglec-8 (p < 0.001), confirming the visual impression that PSGL1 localization is more 

focused and Siglec-8 is localized in several patches.

5. Discussion

Cells in BAL obtained 48 h after segmental lung allergen challenges were examined for 

Siglec-8 expression. BAL eosinophils had high unimodal Siglec-8 expression. BAL 

Johansson et al. Page 8

Int Arch Allergy Immunol. Author manuscript; available in PMC 2019 June 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



eosinophil Siglec-8 level was similar to that on blood eosinophils. BAL basophils had lower 

but detectable Siglec-8 expression. Other BAL cell populations, including monocytes, 

alveolar macrophages, neutrophils, and pDCs, did not express Siglec-8.

The staining pattern of human BAL cells differs from what has been reported in mice when 

comparing surface levels of Siglec-F, the closest mouse counterpart to Siglec-8. Mouse 

Siglec-F is expressed on eosinophils, but unlike human Siglec-8, Siglec-F is not expressed 

on basophils and is unexpectedly expressed on BAL macrophages [9,34]. Regardless, the 

finding that the level of Siglec-8 on human BAL eosinophils resemble that on their blood 

counterparts suggests that during recruitment to the lung these cells neither shed Siglec-8 

nor encounter endogenous ligands capable of stimulating internalization of Siglec-8, as has 

been reported for Siglec-F and the airway mucin Muc5b [13,35]. The current data also 

suggest that Siglec-8 on human lung eosinophils is still available for therapeutic targeting 

[36].

Immunofluorescence confocal microscopy of unactivated blood eosinophils demonstrated 

that Siglec-8 was homogeneously distributed around the cell periphery, which is similar to 

what was recently shown [13]. On acutely IL-5-activated blood eosinophils, Siglec-8 was 

localized in patches at the nucleopod and at the opposite cell pole, indicating that the process 

of eosinophil activation includes a relocalization of Siglec-8 into patches. On BAL 

eosinophils, Siglec-8 was also localized in patches, although at different sites around the cell 

periphery. Quantitation confirmed that Siglec-8 covered a significantly smaller proportion of 

the cell periphery on BAL or IL-5-activated blood eosinophils than on unactivated blood 

eosinophils. PSGL1 staining was also performed, and as observed before [19], unactivated 

blood eosinophils had uniform PSGL1 distribution similar to the Siglec-8 distribution, and 

IL-5-activated blood eosinophils had PSGL1 concentrated at the nucleopod tip. The latter 

staining was thus more restricted than that of Siglec-8 on IL-5-activated cells. BAL 

eosinophils had heterogeneous PSGL1 localization ranging from concentrated at a tip over a 

crescent-like pattern to an even distribution. As with Siglec-8, PSGL1 covered a 

significantly smaller part of the cell periphery on BAL or activated blood eosinophils than 

on unactivated cells. The patchy distribution patterns of Siglec-8 and PSGL1 on BAL and 

IL-5-activated blood eosinophils indicate that signaling via these receptors may be 

intensified in cytokine-activated or airway eosinophils compared to unactivated eosinophils. 

In particular, Siglec-8-initiated signaling in airway eosinophils may be similar to that in 

cytokine-primed eosinophils, including amplified Siglec-8-dependent apoptosis.

Thus, Siglec-8 is highly expressed on airway eosinophils following allergen challenge and is 

expressed at a lower level on airway basophils. Siglec-8 is redistributed in the membrane of 

BAL eosinophils consistent with an activated phenotype for eosinophils in the airway 

following allergen challenge.

Finally, Siglec-8 expression and localization on airway eosinophils may have therapeutic 

implications. Human airway eosinophils, which are important for the clinical expression of 

asthma [1], retain a level of surface Siglec-8 similar to that on blood eosinophils. This is 

unlike what has been reported for the level of the IL-5 receptor, which is reduced on BAL 

eosinophils compared to their blood counterparts [27]. It has been shown that anti-IL-5 
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therapy leads to about a 50% reduction in asthma exacerbations [2] and only partially 

decreases eosinophils and eosinophil granular proteins in airway tissue [24,37]; the partial 

effects may be explained by the reduced levels of IL-5 receptor on airway eosinophils. In 

contrast, Siglec-8 on human lung eosinophils should still be available for therapeutic 

targeting [36] and thus targeting Siglec-8 may allow for depletion of eosinophils from the 

airway.
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Fig 1. 
Gating strategy for 3-color flow cytometry and Siglec-8 expression on BAL eosinophils, 

basophils, monocytes, and macrophages. Populations in a whole BAL cell preparation 

obtained 48 h after segmental lung allergen challenge were first gated based on side versus 

forward scatter (top dot plot) with gate A (high side scatter, low forward scatter) 

encompassing eosinophils, gate B (low side and forward scatter) including lymphocytes and 

basophils, gate C (intermediate side and forward scatter) encompassing monocytes, and gate 

D (high side and forward scatter) encompassing alveolar macrophages. Comparison to plots 

with side scatter versus CD14/CD16 and CD14 versus CD45, as well as expression or not of 
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CCR3 (not shown), confirmed the locations of these populations. Row 1: Cells from gate A 

were gated further based on CD14/16 to include eosinophils (CD14/CD16-negative but 

autofluorescent) and exclude monocytes, macrophages, and possibly neutrophils (CD14/

CD16-positive). Row 2: Cells from gate B were gated further based on CD45 to include 

basophils (CD45-intermediate) and exclude lymphocytes (CD45-bright) and other events 

(CD45-negative). Row 3: Cells from gate C were gated further based on CD14/CD16 to 

include monocytes (CD14-high) and exclude lymphocytes and eosinophils (CD14/CD16-

negative). Row 4: Cells from gate D were gated further based on CD14/CD16 to include 

macrophages (CD14-bright). For each row: Left plots, AF647-conjugated isotype control 

versus CD14/CD16 or CD45; middle plot, Siglec-8 (AF647-conjugated) versus CD14/CD16 

or CD45, blue = Siglec-8, red = isotype control; histograms (to the right) of the gated 

populations in the middle plots, blue = Siglec-8, red = isotype control. Siglec-8 expression 

shown in this figure is representative of data from 3 subjects.
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Fig. 2. 
Gating strategy for 7-color flow cytometry. Populations in a whole BAL cell preparation 

obtained 48 h after segmental lung allergen challenge and lysed whole blood were stained 

with a panel of antibodies including a CD3/CD16/CD19/CD56-FITC cocktail, CD45-

BV510, HLA-DR-BV421, CD14-BUV395, CD123-PE-Cy7, FcεRI-PE, and Siglec-8-

AF647. CD45-bright leukocytes were distinguished from non-cellular debris. Within the 

CD45-bright region, three populations were identified as CD14-bright (A, light blue region 

encompassing monocytes and alveolar macrophages), autofluorescent (B, red region 

encompassing eosinophils and neutrophils), and CD14-negative (C, dark blue region 
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encompassing basophils, dendritic cells, lymphocytes). The CD14-positive cells in region A 

were further defined as CD14-very bright and HLA-DR-positive monocytes (light blue 

region) and CD14-moderate and HLA-DR-positive alveolar macrophages (orange region). 

Contaminating T cells, neutrophils, B cells, and natural killer cells were eliminated using 

CD3/CD16/CD19/CD56-staining with forward side scatter (FSC). Doublets were removed 

based on forward scatter height (FSC-H) versus area (FSC-A). The autofluorescent cells in 

the BUV395 channel within region B were distinguished using CD3/CD16/CD19/CD56 and 

side scatter (SSC). Eosinophils (red region) were autofluorescent in the FITC channel with 

high SSC and neutrophils (purple region), which express CD16, were identified within the 

CD3/CD16/CD19/CD56-bright population as having moderate SSC. Doublets were 

eliminated using FSC-H versus FSC-A. Single cells within the CD14-negative cells in 

region C were identified using FSC-H versus FSC-A and then forward scatter width (FSC-

W) versus area (FSC-A). Basophils were defined as CD123-bright and FcεRI-bright, while 

plasmacytoid dendritic cells (pDCs) were identified as CD123-bright and FcεRI-moderate. 

pDCs also expressed HLA-DR (not shown). A color overlay displaying contour plots of 

each cell population confirms appropriate FSC and SSC properties. This 7-color flow 

cytometry method was used for samples from 3 subjects and those subjects were different 

from those used in Figures 1 and 3.
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Fig. 3. 
Quantitation of Siglec-8 expression on BAL eosinophils, monocytes, macrophages, and 

basophils. Populations of BAL cells obtained 48 h after segmental lung allergen challenges 

were gated as in Figure 1. Siglec-8 expression presented as specific geometric channel 

fluorescence (gMCF), mean ± standard deviation (SD), n = 3 subjects.
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Fig. 4. 
Confirmation of Siglec-8 expression on cell subsets using 7-color flow cytometry. 

Populations of BAL and blood cells obtained 48 h after segmental lung allergen challenge 

were gated as in Figure 2. Histograms show Siglec-8 expression on each gated population 

within the fully-stained sample (blue) compared to the comparable population within the 

fluorescence minus one (FMO) control sample containing all antibodies minus the Siglec-8-

AF647 antibody (red). Data are representative of experiments with 3 subjects who were 

different from the subjects used in Figures 1 and 3.
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Fig. 5. 
Localization of Siglec-8 on blood and BAL eosinophils. Localization of Siglec-8 (green) and 

nucleus (blue) in cytospun unactivated blood eosinophils (A), IL-5-activated blood 

eosinophils (IL-5, 50 ng/ml for 10 minutes as described in Materials and Methods) (B), and 

BAL eosinophils (C). Cells were analyzed by immunofluorescent staining using mAb to 

Siglec-8 and AF488-conjugated secondary antibody. Nuclei were stained with DAPI. Bar, 10 

µm. Representative of two experiments (i.e., 2 subjects, these 2 subjects were different from 

the 6 subjects used in Figures 1–4). (D) Quantitation of Siglec-8 localization using Fiji 

software, peripheral Siglec-8 staining as percentage of circumference in unactivated blood 
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eosinophils (blood eos), activated blood eosinophils (blood eos+IL5), and BAL eosinophils 

(BAL eos), *p (probability) < 0.05, ***p < 0.001 versus unactivated blood eosinophils.

Johansson et al. Page 20

Int Arch Allergy Immunol. Author manuscript; available in PMC 2019 June 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 6. 
Localization of PSGL1 on blood and BAL eosinophils. Localization of P-selectin 

glycoprotein ligand-1 (PSGL1) (green) and nucleus (blue) in cytospun unactivated blood 

eosinophils (A), IL-5-activated blood eosinophils (IL-5, 50 ng/ml for 10 minutes as 

described in Materials and Methods) (B), and BAL eosinophils (C). Cells were analyzed by 

immunofluorescent staining using mAb to PSGL1 and AF488-conjugated secondary 

antibody. Nuclei were stained with DAPI. Bar, 10 µm. Representative of two experiments 

(i.e., 2 subjects, these 2 subjects were the same as used in Figure 5 but were different from 

the 6 subjects used in Figures 1–4). (D) Quantitation of PSGL1 localization using Fiji 

Johansson et al. Page 21

Int Arch Allergy Immunol. Author manuscript; available in PMC 2019 June 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



software, peripheral PSGL1 staining as percentage of circumference in unactivated blood 

eosinophils (blood eos), activated blood eosinophils (blood eos+IL5), and BAL eosinophils 

(BAL eos), **p < 0.01, ***p < 0.001 versus unactivated blood eosinophils.
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