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ABSTRACT

Background and aims. Exacerbations of ulcerative colitis are dominated by massive 

neutrophil infl ux in the lamina propria with concomitant mucosal ulceration. The prevalent 

antibody in this area is immunoglobulin A (IgA). Interestingly, its receptor FcαRI potently 

activates neutrophils. As such, we investigated whether IgA-FcαRI interaction contributes 

to tissue damage in ulcerative colitis. 

Methods. Response of neutrophils to BSA-, IgG-, or IgA-coated beads and E.coli was 

investigated with 3-dimensional culture systems, real-time video microscopy and 

(fl uorescence) microscopy. In vivo studies were performed using human FcαRI transgenic 

mice or non-transgenic littermates. Microscopic slides of ulcerative colitis patients were 

stained for IgA, FcαRI and neutrophils. 

Results. In vitro and in vivo cross-linking of FcαRI on neutrophils by serum IgA, or uptake 

of IgA-coated E.coli led to neutrophil migration. The responsible chemotactic factor 

was identifi ed as leukotriene B4. Moreover, dimeric IgA (dIgA), which is produced in 

the lamina propria, but neither secretory IgA nor IgG, was equally capable of inducing 

neutrophil recruitment. We furthermore showed that FcαRI+-neutrophils in the colon of 

ulcerative colitis patients had phagocytosed IgA-antigen complexes.

Conclusions. Neutrophils are the fi rst cells that arrive at infl ammatory sites once 

pathogens have crossed the epithelial barrier. FcαRI-dIgA interactions may therefore 

constitute an essential activation step to recruit more neutrophils, hereby eradicating 

impending infections. However, excessive IgA-antigen complexes can sustain a 

perpetuating infl ammatory loop in ulcerative colitis, hereby seriously aggravating 

morbidity. Novel therapeutic strategies that block dIgA-FcαRI interactions, and therefore 

diminish neutrophil migration and activation, may dampen the uncontrolled infl ammatory 

processes in these patients.   
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INTRODUCTION

Mucosal surfaces represent a vast interface that shields the interior of the body from 

external infl uences. Whereas internal tissues need to remain sterile to protect the 

organism from potentially life-threatening diseases, mucosal surfaces are colonized by 

commensal micro-organisms and continuously exposed to inhaled or ingested antigens 

and pathogens. As such, mucosal homeostasis requires a delicate balance between 

mounting effective immunological responses against pathogenic micro-organisms, while 

excessive responses against commensal microbiota and environmental antigens must be 

avoided.1

This immunological balance is disturbed in ulcerative colitis (UC), which is one of the 

infl ammatory bowel diseases (IBD). UC is a chronically remitting and relapsing disorder, 

characterized by severe infl ammation of the intestinal tract. The etiopathogenesis is 

largely unknown, but evidence points towards uncontrolled host defenses against luminal 

antigens or environmental factors.2 For instance, experimental colitis can not be induced 

in mice that are housed in a germ-free environment, but disease rapidly emerges when 

animals are reconstituted with commensal bacteria.3 Defects in the mucosal barrier seem 

furthermore to play an important role, as increased intestinal permeability was reported 

in IBD patients. Likewise, disruption of the epithelial barrier in several knock-out mice 

or by administration of exogenous agents like dextran sodium sulfate resulted in colitis.2

In UC large neutrophil infi ltrates are observed in the lamina propria, which cause tissue 

damage through release of infl ammatory mediators like reactive oxygen species and 

proteases, and via release of the pro-infl ammatory cytokines tumor necrosis factor-α 

and interleukin (IL)-1β. One of the most potent trigger molecules to activate neutrophils 

is the immunoglobulin A Fc receptor (FcαRI).4 Cross-linking of FcαRI on neutrophils in 

vitro induces a plethora of infl ammatory functions including release of cytokines and 

infl ammatory mediators, phagocytosis and antibody-dependent cellular cytotoxicity.4-6 

However, in vivo functions for neutrophil FcαRI have not yet been described. Interestingly, 

the prevalent antibody present in mucosal areas is immunoglobulin A (IgA), which is 

the ligand for FcαRI.7,8 IgA is produced in the lamina propria by local plasma cells as 

dimeric molecules with a joining J-chain, and referred to as dimeric IgA (dIgA).4,9 dIgA 

is considered as an intermediary molecule, which is transported through epithelial cells 

and secreted into the lumen as secretory IgA (SIgA). SI  gA serves as a non-infl ammatory 

mucosal protector, and represents a fi rst line of defense against invading pathogens by 

forming an ‘antiseptic’ coating of the mucosal wall.10 This prevents adherence of micro-

organisms and neutralizes bacterial products and viruses.1 Considering that FcαRI is 

a potent trigger molecule for activation of neutrophils and that in UC neutrophils are 

found in the lamina propria where it’s ligand IgA is abundantly produced, we investigated 

whether IgA-FcαRI interaction contributes to tissue damage in UC. We show that IgA has a 

previously unrecognized role in mediating complement-independent neutrophil migration. 

Furthermore, as dIgA, but not SIgA mediated neutrophil migration, we propose that dIgA 

plays an active role in maintaining mucosal homeostasis as a second line of defense. 

However, uptake of excessive dIgA-antigen complexes in UC can result in unremitting 

neutrophil recruitment, resulting in severe tissue damage.
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MATERIALS AND METHODS

Isolation and labeling of neutrophils 

Neutrophils were isolated from healthy donors, by standard Lymphoprep (Axis-Shield, 

Oslo, Norway) density gradient centrifugation (for details, see Supplementary M&M). 

Studies were approved by the Medical Ethical Committee of VU University Medical 

Center (The Netherlands), in accordance with the Declaration of Helsinki. All donors 

gave informed consent. Neutrophils were fl uorescently labeled with PKH67 (PKH67-

neutrophils), according to the manufacturer’s instructions (Sigma-Aldrich, St. Louis, MO) 

or 1 µM calcein-AM (Molecular Probes, Eugene, OR) (30 minutes, 37°C). Neutrophils were 

allowed to settle (2 hours, 37°C) prior to all experiments. For blocking experiments, 0.33 

µM cytochalasin D (Sigma), 600ng/ml pertussis toxin (Sigma), or anti-FcαRI mAb MIP8a 

(Serotec, Kidlington, UK) and MY43 (own production) were added. 

Neutrophils migration assays 

Three-dimensional migration assay: Collagen gels were prepared as described.11 

Immunoglobulin-coated beads (100µl/ml; for preparations see Supplementary M&M) 

were added and 1 ml/well of this mixture was plated in 24 wells plates, after which 

1x106 neutrophils were added. After 2 hours or 4 hours at 37°C collagen gels were fi xed 

and embedded in paraffi n. Slides were stained with Mayers’ hematoxyline (Klinipath, 

Duiven, The Netherlands). Real time video recordings (1x106/well; 24 wells plate, Greiner 

Bio One, Kremsmuenster, Austria) were performed with an inverted phase-contrast 

microscope (Nikon Eclipse TE300, Tokio, Japan) housed in a humidifi ed, 5% CO
2
-gassed, 

temperature-controlled (37°C) chamber. Randomly selected fi elds were recorded for 20 

minutes. Pictures were taken every 15 seconds (Olympus ColorView II camera). For 

tracking experiments intervals of 7 seconds were used.  Recordings were analyzed using 

CELL F trackIT (Olympus Soft Imaging Solutions GmbH, Münster, Germany). 

Alternatively, PKH67-neutrophils (2.5x105 cells/well) were seeded in 96 wells fl at bottom 

plates (Greiner), and immunoglobulin-coated beads (10 μl/well) were added. After 20 

minutes (37°C) supernatants were collected and beads were washed to remove unbound 

PKH67-neutrophils. For binding assays, cells were mixed with beads and kept at 4°C. 

Beads were incubated with a buffer containing 2.0 g/l hexadecyltrimethyl ammonium 

bromide, 1.0 g/l tween 20, 2.0 g/l BSA and 7.44 g/l EDTA in PBS to lyse bound PKH67-

neutrophils. Fluorescence was measured using 485 excitation and 520 emission fi lters 

(Fluostar Galaxy, BMG Labtechnologies, Offenburg, Germany).

Furthermore, PKH67-neutrophils (1x106/well) were added to 24 wells fl at bottom plates 

containing MatrigelTM-coated glass cover slips (1:4 diluted in PBS; BD Biosciences, 

Franklin Lakes, NJ). Immunoglobulin-coated beads (40 μl/well) were added, and after 

20 minutes (37°C) cells were fi xed with 4% formalin (20 minutes, RT). Cover slips 

were embedded with Aquamount (Gurr BDH Chemicals Ltd, Poole, UK) and analyzed 

with Leica DM6000B fl uorescence (Leica Microsystems, Heidelberg, Germany) and Leica 

TCS SP2 AOBS Confocal laser-scanning microscopes. For F-actin stainings, neutrophils 

were permeabilized with 0.1 % Triton in PBS (1 minute, RT), washed with PBS/BSA and 

incubated with Rhodamine phalloidin (1:300 Molecular Probes) (30 minutes, RT). 
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Animal experiments 

Generation of FcαRI transgenic mice was described.12 Mice were bred and maintained at the 

Central Animal Facility of the VU University Medical Center, Amsterdam, The Netherlands 

under standard conditions. BSA- or IgA-coated beads were injected intraperitoneally 

(100µl) in PBS. Animals were sacrifi ced after 6h and peritoneal lavages were performed. 

Cells were incubated with FITC-labeled GR-1 mAb to identify neutrophils (GR-1high-positive 

cells), and PE-labeled anti-FcαRI A59 mAb (BD Biosciences) to distinct between non-

transgenic and FcαRI transgenic mice. Cytocentrifuge preparations were stained with May 

Grunwald Giemsa staining. The Committee for Animal Research of the VUmc approved 

the experiments, which were performed according to institutional and national guidelines. 

Chemotaxis and chemokinesis assays 

Chemotaxis assays were performed as described.13 To measure chemokinesis supernatant 

or LTB4 were added in lower and upper chambers, and random neutrophil migration was 

measured (for detail, see supplementary M&M). Experiments were also conducted in the 

presence of 100 µg/ml anti-IL-8 mAb (BD Biosciences), 100 µg/ml anti-BLTR1 mAb (BD 

Biosciences) or the LTB4 receptor antagonist U75302 (10 µM in ethanol; Sigma). 

Enzyme-Linked ImmunoSorbent Assays 

LTB4 or IL-8 in supernatants were determined using ELISA kits (R&D systems, 

Minneapolis, MN), or matched antibody pairs (Biosource, Nivelle, Belgium). Rabbit anti-

human lactoferrin (Sigma), alkaline phosphatase-labeled anti-human lactoferrin (MP 

Biomedicals, Eindhoven), and p-nitrophenyl phosphate as chromogenic substrate were 

used for lactoferrin detection.

Phagocytosis assay 

Neutrophils were mixed with E.coli (F1 strain; E:T ratio 1:10) in the presence of BSA or 

IgA (1 mg/ml) (30 minutes, 37°C on a rotatory shaker (8 rpm)). Cells were centrifuged 

(8 minutes, 150g). Supernatant was collected and centrifuged at 15.000g (10 minutes). 

Cells were washed twice, and cytocentrifuge preparations were made.

Immunofl uorescence 

Sections (6 μm) of colon biopsies were fi xed in acetone (10 minutes), and double stained for 

1) IgA/neutrophils, 2) IgA/FcαRI, and 3) neutrophils/FcαRI (standard immunofl uorescent 

staining; for details see Supplementary M&M). Fluorescence was determined with a Leica 

DM6000 microscope.

Statistical analysis 

Mean + standard deviation (SD) are shown. Statistical differences were determined 

using two–tailed unpaired Student’s t-tests or ANOVA (multiple groups). Signifi cance was 

accepted when p < 0.05.
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RESULTS

IgA induces activation and directed migration of neutrophils  

To investigate whether IgA triggers neutrophil migration, we established a three-

dimensional culture assay, in which immunoglobulin-coated Sepharose or nitrocellulose 

beads were embedded in collagen. Migration of neutrophils towards IgA-coated Sepharose 

beads was observed after 2 hours (Figure 1A). In contrast, migration towards BSA- or 

IgG-coated Sepharose beads was neither observed after 2 hours, nor after 4 hours 

(Figure 1, and data not shown). Similarly, migration to IgA-, but not to BSA- or IgG-

coated nitrocellulose beads was observed (data not shown). 

Real time video recording assays were performed to visualize neutrophil migration 

towards immunoglobulin-coated targets. All experiments were conducted with both 

Sepharose and nitrocellulose beads, which yielded comparable results. As such, only 

results with Sepharose beads are shown, and hereafter we refer to IgG- or IgA-beads 

(or BSA-beads as control). Neutrophils did not respond to BSA-beads (Figure 1B and 

supplementary video 1). After 20 minutes neutrophils remained inactive, indicated by 

their round shape and immobility. Neutrophils directly interacting with IgG-beads had 

adhered to and spread on IgG-beads after 20 minutes, but this did not lead to activation, 

as adjacent neutrophils were immobile and retained their round shape (Figure 1B and 

supplementary video 2). In contrast, after binding of neutrophils to IgA-beads, cells 

in close proximity became activated within 5 minutes, after which the activation front 

spread towards neighboring cells, resulting in active recruitment of neutrophils towards 

IgA-beads (see supplementary video 3). After 20 minutes all neutrophils were activated, 

indicated by their irregular shape (Figure 1B). Beads were also analyzed with fl uorescence 

and confocal microscopy, demonstrating that signifi cant neutrophil numbers had adhered 

to and spread on IgA-beads (Figure 1C and D). The amount of bound cells was quantifi ed 

by measuring fl uorescence after the cells on coated beads had been lysed, confi rming 

that only few neutrophils had bound to IgG-beads, whereas a large number of neutrophils 

had migrated towards and adhered to IgA-beads (Figure 1E). 

Similar results were observed with different immunoglobulin concentrations or after longer 

time points (Figure 2A and B). In addition, neutrophils degranulated after binding to IgA-

beads, refl ected by lactoferrin release (as component of secondary granules) (Figure 

2C). Minimal degranulation was observed after binding to IgG-beads. The observed 

dissimilarities between IgG- versus IgA-induced activation could not be explained by 

differences in binding affi nity of neutrophils, because similar neutrophil numbers had 

bound to IgG-beads compared to IgA-beads when neutrophils were kept at 4°C (Figure 

2D).

Directed neutrophil migration requires exposure to chemotactic gradients and rapid 

adaptation into a polarized morphology, hereby extending actin-rich pseudopodia in 

the direction of the highest concentration of chemotactic stimuli.14 Before addition of 

beads, neutrophils lack polarity, which does not alter after exposure to BSA- or IgG-

beads (Figure 3A). However, minutes after addition of IgA-beads, neutrophils changed 

shape, accompanied by transition of monomeric actin into a fi lamentous state in the 

leading edges (F-actin). The presence of a chemotactic gradient was supported, since 
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Figure 1.  IgA induces neutrophil movement and degranulation. (A) Migration of neutrophils 

into collagen gels in which BSA-, IgG-, or IgA-beads were embedded. Arrow-heads indicate location 

of beads. Bars represent 100 µm. (B) BSA-, IgG- or IgA-beads were added to monolayers of resting 

neutrophils (indicated by round cell shape) at time 0 (upper panels), and recorded with real time video 

for 20 minutes (lower panels). After addition of IgA-beads, neutrophils became activated (irregular 

shape), resulting in enhanced binding to beads. See also supplementary videos 1 to 3. Bars represent 

100 µm. (C-E) BSA-, IgG- or IgA-beads were added to monolayers of resting PKH67-neutrophils (green 

fl uorescence) for 20 minutes. Cells were analyzed with (C) fl uorescence microscopy; fl uorescence 

(left panels), bright fi eld (middle panels), or (D) confocal microscopy; Bottom xy plane (left panels), 

xy middle plane (middle panels), and xz plane (right middle panel) of an IgA-bead. Upper panels = 

bright fi eld, middle panel = fl uorescence, lower panels = higher magnifi cation. (E) Cells on beads 

were lysed, and fl uorescence was determined as measure of the number of cells that had adhered. A 

representative experiment out of six is shown. Data are represented as mean + sd. *p< 0.001.
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neighboring cells displayed similar polarity changes, extending leading edges in the same 

direction (Figure 3A, right panels).

To verify that cell movement was specifi cally directed towards IgA-beads, and not merely 

the result of increased random chemokinesis, cell tracking experiments were performed 

(Figure 3B-E). Neutrophils covered minimal distance in response to BSA- or IgG-beads. 

Moreover, the direction was at random (Figure 3B). By contrast, in the presence of IgA-

beads neutrophils rapidly increased speed after activation, thereby governing signifi cantly 

more distance (Figure 3C-E). Importantly, neutrophils traveled in the direction of the IgA-

beads (Figure 3B), indicating that IgA induced directed migration rather than increasing 

random chemokinesis. IgA-initiated neutrophil migration was inhibited in the presence 

of known inhibitors of chemotaxis like cytochalasin D (inhibits actin polymerization) or 

pertussis toxin (blocks G-protein activation) (Figure 3F).

In vitro and in vivo IgA-induced neutrophil migration requires interaction with 

FcαRI

When neutrophils were incubated with anti-FcαRI mAb MIP8a (or MY43) that block IgA 

binding to FcαRI, migration to IgA-beads was reduced (Figure 4A, and data not shown). 

Furthermore, SIgA, which interacts poorly with FcαRI5,15 did not induce neutrophil 

migration (Figure 4B). To further investigate involvement of FcαRI, migration experiments 

were conducted with beads that were coated with anti-FcαRI mAb A77. Cross-linking of 

Figure 3. Directed migration of neutrophils in response to IgA. (A) Bright fi eld microscopy 

(upper panels) and F-actin staining (lower panels) of neutrophils after addition to BSA-, IgG-, or IgA-

beads. (B) Begin (upper panels) and end (middle panels) situations after 20 minutes of recording with 

real time video microscopy upon addition of BSA- (left panels), IgG- (middle panels), or IgA- (right 

panels)- coated beads to monolayers of resting neutrophils. Trajectory paths of cells are shown (middle 

panels). 20 cells were analyzed per recording. Bars represent 20 mm. Bottom panels: Direction of 

traveled distance by neutrophils. Closed and dotted circles represent begin and end positions of beads 

respectively. (C) The trajectory length of neutrophils from starting to endpoint in response to BSA- 

(green), IgG- (blue) or IgA- (red) beads (3 cells per situation are shown). Arrow; time point at 

which neutrophils accelerated in response to IgA-beads. #; time points at which neutrophils reached 

the IgA-bead, hereby completing tracking results. Average (D) speed and (E) traveled distance of 

neutrophils in response to coated beads (n = 20). (F) BSA-, or IgA-beads were added to monolayers 

of resting PKH67-neutrophils that had been incubated with buffer (white bars), cytochalasin D (grey 

bars) or Pertussis toxin (black bars) for 20 minutes, after which cells were lysed, and fl uorescence 

was determined as measure of migrated cells. A representative example out of fi ve is shown. Date are 

shown as mean + sd. *p< 0.001. **p<0.01 compared to inhibited neutrophils. 

Figure 2. Time and concentration-dependent neutrophil migration and degranulation. (A-

C) BSA-, IgG- or IgA-beads were added to monolayers of resting PKH67-neutrophils (A) Beads were 

coated with increasing concentrations of BSA, IgG or IgA, or (B) added for different time points, after 

which cells on beads were lysed, and fl uorescence was determined as measure of the number of 

cells that had adhered. (C) Lactoferrin concentration was determined in supernatants as measure for 

degranulation. (D) For binding assays IgG- and IgA-beads were mixed with PKH67-neutrophils and 

kept at 4°C. A representative experiment out of three is shown. Data are represented as mean + sd. 

*p< 0.001, **p< 0.05, #p< 0.01.
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Figure 4. IgA-induced migration is mediated through FcαRI. (A) Number of neutrophils that 

have migrated to IgA-beads after incubation with buffer (white bars), 10 µg/ml (grey bars) or 100 

µg/ml (black bars) of anti-FcαRI mAb MIP8a (left panel) or isotype mAb control (right panel). (B) 

Number of neutrophils that have migrated to BSA- (white bar), IgG- (grey bar), IgA- (black bar) or 

SIgA- (hatched bars) beads after 20 minutes. Experiments were repeated three times, yielding similar 

results. Data are shown as mean ± SD. *; p<0.05, **; p<0.001.
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FcαRI by either IgA or mAb A77 resulted in signifi cant migration in a concentration-

dependent manner (Supplementary Figure 1A). Additionally, IgA Fab fragments (thus 

lacking Fc parts) did not induce neutrophil migration, strongly supporting that interaction 

with FcαRI is essential (Supplementary Figure 1B).

In vivo studies investigating the role of IgA have been restricted, since mice do not 

express an FcαRI homologue.4,6 To overcome this limitation we generated human FcαRI 

transgenic mice, in which FcαRI expression, regulation, interaction with human IgA, and 

function mimic the human situation.12 To study IgA-induced neutrophil migration in vivo 

human IgA-coated beads were injected in the peritoneal cavity of FcαRI transgenic mice 

or non-transgenic littermates. BSA-beads were used as control, since IgG-beads activate 

complement in vivo, which would result in complement-induced neutrophil migration.

When BSA-beads were injected in transgenic mice, or after injection of IgA-beads into 

non-treansgenic mice approximately 20% of the cells in the lavage were neutrophils 

(ranging from 15.5%-23.6%) (Figure 5A-C). This was presumably due to aspecifi c 

reactions against beads, since no neutrophils are observed in lavages of mice, which were 

injected with PBS (0%-1,4%, data not shown). After injection of IgA-beads into FcαRI 

transgenic mice, percentages of neutrophils increased to ~ 47% (ranging from 39.8%-

62.0%) (Figure 5D), indicating that IgA induces in vivo neutrophil migration through 

interactions with FcαRI.

Cross-linking of FcαRI on neutrophils by IgA triggers release of LTB4   

To investigate whether IgA acts as chemoattractant, blind well chamber chemotaxis assays 

were performed. However, neutrophils did not migrate towards different concentrations 

of IgA, indicating that IgA is not directly chemotactic (Figure 6A, and supplementary 

Figure 1D). Therefore, supernatants were collected to investigate whether chemotactic 

stimuli had been released by neutrophils after addition of BSA-, IgG-, or IgA-beads. 

Neutrophils did not migrate towards supernatants of experiments in which BSA- or IgG-

beads had been added. By contrast, supernatants of experiments in which neutrophils 
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2

had migrated towards IgA-beads showed signifi cant chemotactic activity (Figure 6B). Cell 

tracking experiments suggested that neutrophils migrated specifi cally towards IgA-beads 

(Figure 3B). To confi rm that cell migration was not merely the result of increased random 

movement, chemokinesis experiments were performed. However, when supernatant was 

added to both upper and lower compartments of a Boyden chamber (hereby neutralizing 

a potential chemotactic gradient), neutrophil migration was reduced to background 

level (Supplemental Figure 1C), indicating that neutrophils specifi cally responded to 

chemotactic stimuli in supernatant of IgA-stimulated neutrophils.  

Important chemotactic stimuli for neutrophils are bacterial components like 

lipopolysaccharide and Formyl-Methionyl-Leucyl-Phenylalanine, complement factors, lipid 

mediators such as platelet-activating factor (PAF) and LTB4, and the CXC chemokine IL-

8.14 However, as experiments were conducted sterile and in the absence of complement, 

23.6

16.3

21.7

41.1

A

B

C

D

F
c
 
R
I

F
c
 
R
I

F
c
 
R
I

F
c
 
R
I

NTg + BSA beads

NTg + IgA beads Tg + IgA beads

Tg + BSA beads

GR-1 GR-1

GR-1 GR-1

Figure 5. IgA-induced migration in vivo. Cell composition of  peritoneal lavages 6 hours after 

injection of (A and C) BSA- or (B and D) IgA-beads into (A and B) non-transgenic or (C and D) human 

FcαRI transgenic mice. Left panels: cells were incubated with FITC-labeled GR-1 mAb to identify 

neutrophils (GR-1high-positive cells; neutrophils; GR-1intermediate cells; monocytes/macrophages), and 

with PE-labeled anti-FcαRI mAb to distinct between non-transgenic and FcαRI transgenic mice. Right 

panels: cytospins of lavages. Neutrophils are indicated by arrowheads. In B a eosinophil is indicated 

by a small arrowhead. A representative example out of 5 mice is shown. 

chemotactic activity due to bacterial components or complement factors was excluded. 

Chemotactic activity of PAF, LTB4 and IL-8 was investigated. Both LTB4 and IL-8 induced 

signifi cant neutrophil migration (Supplementary Figure 1D). However, neutrophils did 

not respond to PAF within a 40 minute timeframe. Thus, IL-8 and LTB4 represented 

the most prominent neutrophil chemotactic stimuli. As such, we next investigated 

their involvement in IgA-induced migration. Ample amounts of LTB4 were found in 

supernatants of migration experiments, in which IgA beads had been added (Figure 6C). 

However, although a signifi cant difference in IL-8 release was observed after addition 

of IgA-beads compared to BSA- or IgG-beads (Figure 6C), IL-8 levels were ~10 times 

too low to initiate a biological effect, since at least 2 ng/ml was required for induction of 

neutrophil migration (data not shown). Moreover, chemotaxis towards supernatants of 

experiments in which IgA-beads had been added, was signifi cantly reduced when LTB4 
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receptors (BLTR1) on neutrophils were blocked by addition of either blocking anti-BLTR1 

mAb or the receptor antagonist U75302 (Figure 6D). Addition of blocking anti-IL-8 mAb 

did not decrease chemotactic activity, supporting that LTB4, but not IL-8 is involved in 

IgA-induced neutrophil migration. 

IgA-induced phagocytosis of E.coli bacteria triggers neutrophil migration

Although neutrophils can infi ltrate infl amed tissues and release infl ammatory mediators 

in the absence of phagocytosis, the common process of neutrophil activation is usually 

accompanied by phagocytosis of micro-organisms.16 As a more physiological situation, we 

therefore investigated migratory response after phagocytosis of E.coli, which are amongst 

the most common inhabitants of the gut fl ora. Minimal phagocytosis was observed of 

BSA-coated E.coli (Figure 7A). However, IgA-coated E.coli were effi ciently phagocytosed 

by neutrophils (Figure 7A and ref. 5), which resulted in release of chemotactic stimuli, 

since chemotactic activity was increased in supernatants (Figure 7B). Since IgA is not 

produced as monomeric molecule at mucosal sites, but as dimeric molecule, we also 

investigated the ability of dIgA to induce neutrophil migration. Both monomeric serum 

IgA and dIgA were equally capable of initiating neutrophil migration (Figure 7C). 
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Figure 6. Cross-linking of neutrophil FcαRI by IgA induces release of LTB4. (A) Numbers 

of freshly isolated neutrophils that have migrated to LTB4 (positive control; black bar), RPMI/10% 

(negative control; white bar), or IgA (grey bar) in the lower compartments of blind well chambers. 

(B-C) Supernatants were collected 20 minutes after addition of IgA- (dark grey bar), IgG- (light grey 

bar), or BSA- (white bar) beads to a monolayer of resting neutrophils. (B) Numbers of freshly isolated 

neutrophils that have migrated to LTB4 (positive control; black bar), RPMI/10% (negative control; 

white bar), or supernatants. (C) Presence of LTB4 and IL-8 in supernatants was determined. (D) 

Supernantant was collected after addition of IgA-beads, and migration of freshly isolated neutrophils 

to collected supernatant was measured in the presence of anti-BLTR1 (LTB4 receptor), anti-IL-8 or 

an isotype mAb control. Additionally, either an LTB4 receptor antagonist (U75302 in ethanol) or 

ethanol alone was added. Migration to supernatant in the absence of inhibitors was set at 100%. A 

representative experiment out of three is shown (mean ± SD). *; p<0.01, **; p<0.001.
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Presence of FcαRI-positive neutrophils in ulcerative colitis

UC is characterized by neutrophil infl ux in the colonic mucosa, with concomitant mucosal 

ulceration.2 Since dIgA is produced locally in the intestinal tract,7,10 and as we show here 

capable of inducing neutrophil migration, we investigated whether this process could play 

a role in recruitment of neutrophils in UC. Although ample amount of IgA is present in the 

lamina propria of healthy donors, few FcαRI-positive cells are found, which is presumably 

due to absence of antigens in normal colon tissue (Figure 7D). By contrast, a massive 

infl ux of FcαRI-expressing cells is present in colon tissue of patients with UC, in which 

epithelial integrity is compromised, which will give rise to IgA-antigen immune complex 

formation (Figure 7D). Furthermore, this FcαRI-positive immune cell infi ltrate almost 

exclusively consists of activated neutrophils (Figure 7E). Importantly, IgA was observed 

intracellularly in a signifi cant number of neutrophils in patients with active UC, indicating 

that neutrophils had taken up IgA-antigen complexes (Figure 7F, and Supplementary 

Table 1). Both neutrophil infl ux and IgA uptake by neutrophils was greatly reduced in 

patients with inactive UC or Crohn’s disease, compared to active UC (Supplementary 

Figure 2 and Table 1), supporting that IgA-mediated neutrophil migration contributes 

to massive neutrophil recruitment in active UC. However, since IgA uptake was not 

completely absent in all patients, we cannot exclude the possibility that IgA-induced 

neutrophil recruitment may play a role in some of these patients, albeit at lower level.

DISCUSSION 

Neutrophils are the fi rst cells that arrive at a site of infl ammation.17 They are rapidly 

recruited in response to pathogen- and/or host-derived components like bacterial 

peptides, LTB4, and IL-8, after which they infi ltrate into the infl amed tissue where they 

are able to kill invading bacteria.16,17 We now show that cross-linking of neutrophil FcαRI 

by IgA leads to neutrophil recruitment and release of LTB4, resulting in amplifi cation of 

neutrophil migration. Thus, our studies identify a previously unrecognized role of IgA 

and FcαRI in mediating neutrophil migration. In contrast, IgG neither induced neutrophil 

migration nor LTB4 release, despite the fact that signaling via either FcαRI or FcγR depends 

on immunoreceptor tyrosine-based activation motifs (ITAM), and recruitment of Scr and 

Syk tyrosine kinases.4,6,18 Neutrophils express FcγRIIIb, a glycosylphosphatidylinositol-

anchored receptor of which the signaling pathways have not yet been elucidated. It was 

however demonstrated that FcγRIIa, which is expressed by neutrophils, bears a unique 

ITAM in its cytoplasmic tail that initiates signaling pathways.19 FcαRI requires association 

with FcRγ-chain, which expresses a similar, but not identical ITAM.20 FcRγ-chain ITAM, 

but not FcγRIIa ITAM was able to mediate cytokine release or antigen presentation,21,22 

supporting that FcγRIIa ITAM and FcRγ-chain ITAM initiate dissimilar functions, which may 

account for observed differences in inducing migration. Moreover, signaling via FcRγ-chain 

ITAM is more complex, since monovalent targeting of FcαRI with serum IgA can inhibit 

signaling as well as induce apoptosis in monocytes.23,24 Thus, FcαRI acts as a bifunctional 

receptor that mediates either anti- or pro-infl ammatory functions of IgA, depending on 

mono- or multivalent targeting of the FcαRI-FcRγ-chain complex.25

Interestingly, IgA induced neutrophil recruitment in the absence of complement, despite 
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Figure 7. IgA-mediated phagocytosis and neutrophil migration in mucosal homeostasis and 

ulcerative colitis. (A) Cytocentrifuge preparations of neutrophils after phagocytosis of BSA- (left 

panel) or IgA- (right panel) coated E.coli bacteria. (B) Supernatants were collected after co-incubation 

of neutrophils with BSA- (white bar) or IgA- (black bar) coated E.coli bacteria. Neutrophil numbers 

that migrated towards these supernatants were determined. (C) Neutrophils were added for 2 hours 

to collagen gels in which BSA-, serum IgA-, or dimeric IgA (dIgA)-beads had been embedded. Arrow 

heads indicate location of beads. Bars represent 100 µm. (D) Colon sections of healthy donors (left 

panel) or patients with UC (right panels) were stained for the presence of IgA (green) and FcαRI-

positive cells (red). Bars represent 100 µm. (E) Stainings with anti-CD66b (green) and anti-FcαRI (red) 

mAb showed that FcαRI-positive cells in patients with UC consisted of neutrophils. Bars represent 100 

µm or 10 µm in left or right panels. (F) Recruited CD66b-positive neutrophils (red) in patients with UC 

have taken up IgA-antigen complexes (green). Bars represent 100 µm or 5 µm in left or right panels. 

Experiments were repeated 3 times yielding similar results. Data are shown as mean ± SD. *; p<0.05. 
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the current dogma that antibody-mediated neutrophil migration is initiated through 

generation of complement factors like C3a and C5a, which are potent neutrophil 

chemotactic stimuli.26 IgM and IgG can effi ciently activate the classical complement 

pathway through binding of C1q, but IgA is a poor activator of complement, and incapable 

of binding C1q.4,6,26 Although it was demonstrated that IgA can activate alternative or 

lectin pathways under specifi c in vitro conditions or in disease,27 the overall physiological 

signifi cance of IgA-induced complement activation remains unclear. The inability of SIgA 

to effi ciently fi x complement would in fact be benefi cial in secretions, where (harmless) 

antigens are amply present and initiation of excessive infl ammatory responses could 

destroy the integrity of the mucosal surface. SIgA also poorly induces infl ammatory 

responses such as neutrophil migration (Figure 4B) or phagocytosis of bacteria.5,15 This 

is presumably due to blockage of the FcαRI-binding site by secretory component (SC), 

which is part of the polymeric Ig receptor that is required for transport and remains 

attached when SIgA is secreted into the lumen.10,28 Our earlier data demonstrating that co-

transfection of SC abrogated opsonic activity of dIgA, supports that SC hinders interaction 

of dIgA with FcαRI.15 Thus, SIgA may constitute the fi rst line of defense at mucosal 

sites by preventing invasion of microorganisms, but is unable to trigger infl ammatory 

responses, in order to protect mucosal integrity. However, once pathogens have crossed 

the epithelial barrier, lack of complement activation may become disadvantageous, as 

this would limit activation and recruitment of neutrophils. We now propose that dIgA, 

which is produced in the lamina propria, binds to invading pathogens, and triggers FcαRI-

mediated phagocytosis by neutrophils.15 Importantly, we demonstrate that dIgA also 

induces neutrophil migration, hereby initiating a self-controlled positive feedback loop, 

which results in enhanced recruitment of neutrophils until clearance of invading pathogens 

has been achieved (Figure 8). In this way, dIgA-FcαRI interactions on neutrophils can 

compensate for the inability of IgA to fi x complement. Thus, dIgA functions as active 

second line of defense at mucosal surfaces by enabling elimination of invading pathogens. 

Finally, we previously demonstrated that E.coli that were opsonized with human IgA and 

were present in the circulation were eliminated by FcαRI-expressing Kupffer cells in the 

liver. This acts as third line of defense at the interface of mucosal and systemic immunity,5 

and prevents bacterial spread to other organs.

Unfortunately, in diseases in which the integrity of the epithelial barrier is breached, 

resulting in translocation of excessive amounts of antigens, uncontrolled IgA-induced 

neutrophil migration may contribute to unwanted tissue damage. Although our data do 

not clarify the initiation of disease or the occurrence of translocation, it may provide an 

explanation why acute exacerbations of UC are dominated by a massive infl ux of neutrophils 

in the lamina propria.2 It has been shown that IL-17 expression is elevated in patients 

with UC, which leads to increased granulocyte- colony stimulating factor production and 

granulopoiesis.29 As such, the number of circulating neutrophils is enhanced. We now 

hypothesize that overabundant IgA-antigen complexes directly contribute to recruitment 

and activation of circulating neutrophils through interaction with FcαRI. Because recruited 

neutrophils will also encounter these complexes and respond with secretion of more 

chemoattractants, a perpetuating infl ammatory loop will be sustained, which may 
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seriously aggravate morbidity (Figure 8). 

In conclusion, this study demonstrates that IgA induces neutrophil migration by triggering 

LTB4 release after cross-linking of neutrophil FcαRI. In mucosal areas the ability of dIgA to 

recruit neutrophils can function as a second line of defense, as this will lead to elimination 

of invading pathogens. However, in UC, IgA-mediated neutrophil migration can contribute 

to severe tissue damage. Blocking the interaction with neutrophil FcαRI may diminish the 

perpetuating infl ammatory loop in these tissues, hereby reducing damage and morbidity. 

N

Plasma cell 

SIgA

dIgA

NN

SIgA

Fc RI

Neutrophils LTB4 LTB4Neutrophils

Figure 8. Schematic model of proposed role of dIgA-FcαRI interactions on neutrophils in 

mucosal immunity and ulcerative colitis. Dimeric IgA is produced in the sub-epithelial layer, 

transported, and released as SIgA. However, once micro-organisms cross the epithelial barrier, dIgA 

binds to invading pathogens, and acts as potent opsonin. It triggers FcαRI-mediated phagocytosis by 

neutrophils with concomitant release of chemotactic factors. This will induce neutrophil migration, 

and initiate a positive feedback loop until clearance of invading pathogens is achieved (left panel). 

However, excessive IgA-antigen complexes in UC will sustain a perpetuating infl ammatory loop, 

resulting in massive neutrophil infl ux, with concomitant tissue damage (right panel).
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SUPPLEMENTARY MATERIAL AND METHODS

Isolation and labeling of neutrophils

Neutrophils were isolated from healthy donors, by standard Lymphoprep (Axis-Shield, 

Oslo, Norway) density gradient centrifugation. Erythrocytes were lysed by resuspension 

in ammonium chloride buffer (155mM, 10 minutes, 4°C). Neutrophils were resuspended 

in RPMI 1640 (Gibco BRL, Paisley, UK) supplemented with 10% heat-inactivated FCS. 

Studies were approved by the Medical Ethical Committee of VU University Medical 

Center (The Netherlands), in accordance with the Declaration of Helsinki. All donors 

gave informed consent. Neutrophils were fl uorescently labeled with PKH67 (PKH67-

neutrophils), according to the manufacturer’s instructions (Sigma-Aldrich, St. Louis, MO) 

or 1 µM calcein-AM (Molecular Probes, Eugene, OR) (30 minutes, 37°C). Neutrophils were 

allowed to settle (2 hours, 37°C) prior to all experiments. For blocking experiments, 

0.33µM cytochalasin D (Sigma), 600ng/ml pertussis toxin (Sigma), or anti-FcαRI mAb 

MIP8a (Serotec, Kidlington, UK) and MY43 (own production) were added. 

Preparation of  immunoglobulin-coated beads

Nitrocellulose beads were made as described11, and incubated with bovine serum 

albumin (BSA) (Roche Diagnostics, Basel, Switzerland), monomeric IgA (referred to as 

IgA; Cappel, Solon, OH and Sigma), dimeric IgA, SIgA (Cappel), or IgG (Sigma and 

Nordic Immunological Laboratories, Tilburg, The Netherlands) (3h, 4°C). Dimeric IgA 

was produced as described12. Gel separation analyses confi rmed that serum IgA was 

monomeric, whereas SIgA and dimeric IgA consisted of dimers. Beads were centrifuged 

(20 seconds, 20.000g), and free protein binding sites were blocked for 30 minutes at 

37°C with PBS containing 5% BSA (PBS/BSA). Alternatively, BSA or immunoglobulins 

were coupled to CNBr-activated sepharose beads according to the manufacturer’s 

instructions (GE healthcare Bio-Sciences, Uppsala, Sweden). Unless otherwise indicated 

beads were used that were coated with 3 µg/ml BSA or immunoglobulins. All experiments 

were performed with nitrocellulose and Sepharose beads. 

IgA digestion with papain

Enzymatic cleavage of IgA with activated papain (Sigma Aldrich) was performed in 

digestion buffer (PBS, 0.02M EDTA and 0.02M cysteine) for 24 hour at 37°C. Cleavage 

was stopped by the addition of iodoacetamide (30 mM). Successful IgA cleavage was 

determined by analysis of products by SDS-PAGE and coomassie staining.  Fab fragments 

were isolated by size exclusion using Amicon Centrifugal fi lter device (Millipore, MA) and 

subsequently coupled to CNBr-activated sepharose beads.

Chemotaxis and chemokinesis assays

To measure chemotaxis (directed migration), bottom wells of blind well chambers 

were fi lled with IgA, supernatants of migration experiments (25 µl), purifi ed LTB4 

(Sigma), platelet-activating factor (PAF) or IL-8 (Peprotech, Rocky Hill, NJ). To measure 

chemokinesis (random migration) either supernatant or LTB4 (as control) were added 

in lower and upper chambers. 50 µl calcein AM-labeled neutrophils (1x106/ml) were 
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added to top wells. After 40 minutes (37°C), cells that had migrated towards the lower 

compartments were quantifi ed with a fl uorimeter (485 excitation/520 emission fi lters). 

Experiments were also conducted in the presence of 100 µg/ml blocking anti-IL-8 mAb 

(BD Biosciences), 100 µg/ml anti-BLTR1 mAb (BD Biosciences) or the LTB4 receptor 

antagonist U75302 (10µM in ethanol; Sigma).

Immunofl uorescence

Sections (6 μm) of colon biopsies were fi xed in acetone (10 minutes). Non specifi c binding 

sites were blocked by incubation with 5% normal goat serum/normal rabbit serum in PBS, 

followed by a 1 hour incubation with mixtures of 1) rabbit anti-human IgA-FITC (DAKO, 

1:20)/mouse IgM anti-human CD66b (neutrophil marker) (Pharmingen, 1:300), 2) rabbit 

anti-human IgA-FITC/mouse IgG1 anti-human FcαRI (Serotec, 1:50) or 3) mouse IgM 

anti-human CD66b/mouse IgG1 anti-human FcαRI. IgA/CD66b staining (1) was completed 

by incubation with biotinylated rabbit anti-mouse IgM (Zymed, 1:150)/streptavidine-

Alexa594 (Molecular Probes, 1:400), the IgA/FcαRI staining (2) by incubation with goat 

anti-mouse IgG1-Alexa594 (Molecular Probes, 1:300) and the CD66b/FcαRI staining 

(3) by incubation with goat anti-mouse IgG1-Alexa594 followed by biotinylated rabbit 

anti-mouse IgM and streptavidine-Alexa488 (Molecular Probes, 1:400). Sections were 

washed in PBS between incubation steps, and mounted in Vinol (mounting medium, own 

production). Fluorescence was determined with a Leica DM6000 microscope.
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Supplementary Figure 1. (A) BSA-, anti-FcαRI mAb A77-, or IgA-beads were added to monolayers 

of resting PKH67-neutrophils for 20 minutes. Cells on beads were lysed, and fl uorescence was 

determined as measure of the number of cells that had adhered. (B) Supernatants were collected 20 

minutes after addition of whole IgA- (dark grey bar), IgA Fab- (light grey bar), or BSA- (white bar) 

beads to a monolayer of resting neutrophils. Numbers of freshly isolated neutrophils that migrated 

towards supernatants were determined. (C)  To measure chemokinesis (random migration) LTB4, 

RPMI, or supernatant were added in lower (white bars) or lower and upper (black bars) chambers. 

Numbers of migrated neutrophils towards lower chambers were determined. (D) Numbers of freshly 

isolated neutrophils that have migrated to different concentrations of LTB4, IL-8, PAF, IgA or RPMI/10% 

in the lower compartments of blind well chambers. A representative experiment out of three is shown. 

Data are represented as mean ± SD.

SUPPLEMENTARY INFORMATION
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CROSS-LINKING OF FcαRI INDUCES LTB4 DEPENDENT NEUTROPHIL MIGRATION

2

Supplementary Figure 2. Colon sections of healthy donors (upper left panel) or patients with Crohn’s 

disease (upper right panel), inactive UC (lower left panel) or active UC (lower right panel) were stained 

for the presence of IgA (green) and neutrophils (red). Inserts demonstrate that the neutrophils in 

active UC patients have taken up ample amount of IgA, which is reduced in the other conditions.

Supplementary Table 1. Number of neutrophils and level of pahgocytosis of IgA complexes by 

neutrophils in patients with infl ammatory bowel disease.

Diagnosis
Patient 
number

Number of 
neutrophils

IgA-positive
neutrophils

Control
1
2
3

-
+/-
+

-
+/-
+/-

Crohn’s disease active
1
2

+
+/-

++
+/-

Crohn’s disease inactive
1
2

-
+/-

-
+

UC active
1
2
3

++
+++
++

+++
+*
++

UC inactive
1
2

+/-
+

+/-
++

UC; ulcerative colitis, *colon tissue was necrotic due to massive neutrophil infl ux, rendering it 

diffi cult to distinguish individual neutrophils.
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Supplementary video 1. Migration of neutrophils to BSA-beads. BSA-beads were added to 

monolayers of resting neutrophils (indicated by round cell shape) at time 0 and recorded with real time 

video for 20 minutes. Neutrophils did not bind and did not become activated. Bar represent 100 µm.

http://youtu.be/xLXLxORkIt4

Supplementary video 2. Migration of neutrophils to IgG-beads. IgG-beads were added to 

monolayers of resting neutrophils (indicated by round cell shape) at time 0 and recorded with real time 

video for 20 minutes. Neutrophils directly interacting with the interface of IgG-beads bound to and 

spread on IgG-beads. However, adjacent neutrophils did not become activated. Bar represent 100 µm.

http://youtu.be/2eDqMOrrxms

Supplementary video 3. Migration of neutrophils to IgA-beads. IgA-beads were added to 

monolayers of resting neutrophils (indicated by round cell shape) at time 0 and recorded with real 

time video for 20 minutes. Neutrophils directly interacting with the interface of IgA-beads bound 

to and spread on IgA-beads. Within 5 minutes, cells in close proximity of the IgA-beads became 

activated, after which the activation front spread towards neighboring cells, resulting in recruitment of 

neutrophils towards IgA-beads. Bar represent 100 µm.

http://youtu.be/1dcR4zKrGy4
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