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Chapter 1 

Numerous scholars from various areas of medicine and other sciences contributed to today's 
knowledge of immunity. As early as in ancient Greece, Thucydides observed that victims of 
the plague could only be nursed by people who had survived the plaque. The scientific 
basis for this immunity is a compilation of work performed over more than two hundred 
years. The discovery that inoculation of humans with cowpox (vaccinia) induced protection 
against smallpox (Edward Jenner, 1797), the discovery that micro-organisms represent the 
cause of infectious diseases (Robert Koch, 1882-1883) and vaccine development against 
anthrax, cholera and rabies (Louis Pasteur, 1880) lead to a search for the mechanisms of 
protection. In 1890, Emil von Behring and Shibasaburo Kitasato demonstrated the 
protective capacity of sera from animals surviving infectious diseases and attributed this to 
“antitoxins” (at present known as antibodies), which were specific for the pathogen used, 
now known to be part of the "adaptive" immune system (1). At the same time (1882) Elie 
Metchnikoff discovered that many invading micro-organisms were engulfed and destroyed 
by phagocytic cells. Since these cells are immediately available and do not require prior 
exposure to pathogens (2), this phenomenon is now known as "innate" immunity. 
Antibody-recognizing receptors on phagocytic cells, Fc receptors, play a key role in the 
recognition of antibody-coated micro-organisms, and clearance by phagocytic immune cells 
and – thus - form key links between the innate and adaptive branches of immunity. 
 
Antibodies and Fc receptors 
Antibodies are disulfide-linked homodimers consisting of two heavy chains and two light 
chains, recognizing foreign antigens by their antigen binding fragments (Fabs), and bind to 
Fc-receptors by their constant or Fc domain (Figure 1) (3-5). The Fc domain specifies 
antibody classes. All antibodies belong to a family of plasma proteins called 
immunoglobulins (Ig), while surface immunoglobulin serves as the specific antigen 
receptor on B cells. In humans, the total immunoglobulin (Ig) pool is comprised of five 
different antibody classes (IgA, IgD, IgE, IgG and IgM). Immature B cells express IgM on 
their cell surface, independently of an encounter with antigens. Mature, naïve B cells 
express both IgM and IgD and recognize antigens with low affinity. IgM antibodies, 
however, can form pentamers and confers in this way to a high affinity antibody. Antigenic 
challenge induces affinity maturation of the Fab fragments, and various cytokines, soluble 
proteins secreted by cells, induce switching of IgM to different isotypes (IgA, IgE, and IgG) 
leading to memory B cells and differentiation to plasma cells. Plasma cells are capable of 
secreting (large amounts of) antibodies. The antibody isotype affects the in vivo 
distribution, and antibody effector functions of antibodies (6, 7).  
In order to initiate an immune response, antibodies must be guided to the appropriate 
location and initiate suitable effector activity. Receptors for antibodies, called Fc receptors 
(FcR), are implicated in both types of process (8). Three structurally distinct FcR groups 
are known (summarized in Table I). The largest Fc receptor group contains extracellular “Ig 
like” domains and most molecules represent members of the immunoreceptor family (I) 
that also includes T-cell receptors, B-cell receptors, and NK-cell receptors (8). This group 
includes the leukocyte IgG receptors (FcγR), the high-affinity IgE receptor (FcεRI), and the 
IgA receptor (FcαRI). The poly-Ig receptor (pIgR), and the IgA/IgM receptor (Fcα/uR) 
belong to this group as well but have a distinct architecture. The neonatal Fc receptor, 
FcRn, belongs structurally to the MHC class I family (II) and associates with β2-
microglobulin. The low affinity FcεRII belongs to the C-type lectin superfamily (III) (9-
11).  
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Although the three receptor groups are structurally distinct, the cellular functions initiated 
upon ligand engagement by these receptors are more similar. The pIgR expressed on 
epithelial cells, is involved in translocation of plasma Ig across epithelial surfaces. FcRn not 
only regulates the half-life of IgG in the blood, but has recently also been implicated in 
phagocytosis by granulocytes (12-14).  
Most activating Fc receptors consist of heterologous complexes with a unique (ligand 
binding) α-chain, and promiscuous signaling subunits (i.e β, γ or ζ chains). These signaling 
subunits contain at least one immunoreceptor tyrosine based activation motif (ITAM) (15). 
Clustering of these multi-chain complexes by Ig-immune complexes brings ITAM’s from 
multiple receptors into close proximity and initiates cellular responses. Responses vary 
from endocytosis, phagocytosis, antibody dependent cellular cytotoxicity (ADCC), 
superoxide generation, and cytokine release to facilitation of antigen presentation.  
Whereas endocytosis (internalisation of receptor-ligand complexes) may occur without 
ITAM phosphorylation, effector functions like phagocytosis (uptake and clearance of Ig-
opsonized bacteria) and ADCC (degranulation and respiratory burst activity to eliminate 
large, extracellular pathogens) are critically dependent on ITAM phosphorylation and 
involve actin remodelling (Table I) (16-19). Thus, the specificity and composition of 
immune-complexes, the types of Fc receptor and types of effector cell involved, and Fc 
receptor polymorphisms or genetically-determined variation in FcR as well, play a role in 
the functional outcome (20, 21).  
The interaction between immunoglobulins and Fc receptors has been recognized as a key 
element in the body’s natural defense. This mechanism was also proposed to be central in 
antibody-based immunotherapy when Paul Erlich first discovered antibodies recognizing 
tumors (22). FcR-mediated immunotherapy, is crucially dependent on antibody interaction 
with Fc receptors and acts via effector immune functions such as phagocytosis, ADCC, 
enhanced presentation of tumor antigens and signaling within target cells (23-26). Most 
therapeutic antibodies are of the IgG1 isotype subclass that can readily interact with FcγR 
during antibody therapy. IgG antibodies can additionally activate complement (a heat-labile 
component of plasma that augments antibody activity) as an immune system killer 
mechanism in the blood. IgG antibodies have a long plasma half-life, which is beneficial 
for immunotherapy. Additionally, FcγR heterogeneity between individuals (or FcR 
polymorphisms) affects/modulates the effectiveness of antibody therapy (27-29). 
In conclusion, the importance of research into Fc receptors is not only to expand our 
knowledge of natural immunity, but also applies to the development of new therapies for 
diseases such as cancer, and autoimmune disorders.  
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Figure 1. Antibody structure. A) Monomeric serum IgA antibodies characterised by a “T-shaped” structure 
compared to a “Y-shaped” IgG (B). C) Representation of secretory IgA (sIgA), which is found in mucosal 
secretions 
 
IgA and FcαRI 
Although Fc receptors for IgG (FcγRI), IgE (FcεRI) and IgA (FcαRI) were molecularly 
cloned approximately around the same time, the focus of research was dedicated to Fcγ- 
and Fcε-receptors (30, 31). Traditionally, IgA has been considered a “non-inflammatory” 
type of antibody. Only recently it became clear that IgA can potentially induce 
inflammatory responses, which catalysed a renewed interest in the biology of IgA 
receptors. The IgA class of antibodies is by far the most produced immunoglobulin class in 
adults, and IgA antibodies are abundant in serum and mucosal secretions. IgA antibodies 
differ from other immunoglobulins by a “T-shaped” structure, compared to a “Y-shaped” 
format for other immunoglobulins (Figure 1) (32). IgA can exist in different forms, in 
serum IgA is found mainly as a monomer of the subclasses IgA1 and IgA2, which differ by 
a 13 amino acid deletion in the IgA2 hinge region. This makes IgA2 antibodies less sensitive 
to bacterial proteases. This phenomenon may underlie the predominance of IgA2 in mucosal 
secretions (9, 33, 34). Polymeric IgA is enriched in mucosal secretions, but is also found in 
serum, albeit at very low concentrations. Secretory IgA (sIgA) consists of dimeric IgA 
produced by plasma cells, coupled together by a J-chain via their C-terminal extension or 
tailpiece, see Figure 1 (35, 36). Secretory IgA is transported across epithelial barriers by the 
polymeric Ig receptor (pIgR). A proteolytic fragment of the pIgR, called secretory 
component (SC), is covalently attached to IgA dimers, generating sIgA (Figure 1C). sIgA is 
believed to be involved in neutralization of bacteria and, thereby, in inhibition of bacterial 
adherence to mucosal walls. Furthermore, IgA may intercept intracellular viral antigens, 
during transcystosis, and interfere with viral synthesis and/or assembly – thus - protecting 
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cells from productive viral infections. Because no inflammation is triggered by the above 
mechanisms, and because patients with IgA deficiency have frequently been associated 
with allergy and autoimmunity (37, 38), IgA has long been considered a “non-
inflammatory” type of antibody. Polymeric IgA and serum IgA-immune complexes (like 
IgA opsonized bacteria) however, can efficiently trigger immune effector functions in IgA 
receptor-expressing blood leukocytes (reviewed in (34)).  
Receptors for IgA have initially been proposed upon observing IgA1 myeloma protein and 
secretory IgA binding to blood neutrophils (39). At present, eleven types of IgA "receptors" 
have been recognized (summarized in Table II). This includes, the prototypic leukocyte IgA 
receptor, FcαRI, the polymeric Ig receptor and Fcα/μR, the asialoglycoprotein receptor, 
that recognizes Gal residues on glycosylated IgA, and the transferrin receptor that 
selectively binds IgA1 (9, 40-50).  
FcαRI represents a transmembrane receptor consisting of two extracellular Ig-like domains, 
a 19 amino acid transmembrane region and a short (41 amino acids) cytoplasmic tail devoid 
of any recognized signaling motifs. In addition to the full length FcαRI, two other isoforms 
exist in vivo. One isoform, exclusively expressed on alveolar macrophages, differs by a 
deletion in the extracellular domain. The other one differs by a deletion in the 
transmembrane/intracellular domain resulting in a soluble receptor (51, 52). The FcαRI 
binding site for IgA is located in the membrane distal domain (EC1), which differs from the 
“classical” Fc receptors (FcεRI and FcγR) (Figure 1). 
Furthermore, crystallographic studies implied one IgA molecule to simultaneously bind two 
FcαRI molecules (53-55), in contrast to FcγRIII and FcεRI, for which a 1:1 stoichiometry 
has been observed (56-58). Serum IgA binds with moderate affinity to FcαRI (106M-1), 
whereas IgA immune complexes bind avidly (59, 60). Binding of secretory IgA to FcαRI is 
dependent on the presence of complement receptor 3 (61).  
Although FcαRI represents a member of the Fc receptor immunoglobulin super family, the 
FcαRI gene is located on chromosome 19, instead of chromosome 1 (where all FcγR map), 
and lies within the so-called leukocyte receptor cluster (LRC) (62). This LRC includes no 
other Fc receptors but instead encodes KIRs (Killer inhibitory receptors) and LIRs 
(leukocyte Ig -like receptors) and exhibits more sequence similarities with these receptors 
than with other Fc receptors (9). Thus far, FcαRI has been found in primates, horses, cows 
and rats, but not in mice, likely attributable to a gene translocation of the LRC locus (63-
67). FcαRI expression is restricted to cells of the myeloid lineage, including neutrophils, 
eosinophils, monocytes and most macrophages (alveolar, tonsilar, and splenic) interstitial 
dendritic cells and Kupffer cells, but FcαRI is not present on mast cells or basophils (9, 34, 
51, 68-74). FcαRI expression is constitutive and independent of its ligand, underlined by 
IgA deficient patients who still express FcαRI (75). In addition, FcαRI expression levels 
can be modulated by cytokines and some other agents (9, 75, 76).  
 
FcαRI signal transduction 
Outside-in signaling 
Outside-in signaling refers to intracellular signaling initiated upon binding of an immune-
complex to the extracellular domain of a receptor. FcαRI signaling upon IgA-immune 
complex binding, depends on association with the FcR γ-chain subunit, based on oppositely 
charged residues within the transmembrane regions (77-79). FcαRI crosslinking by IgA-
immune complexes triggers transient translocation of FcαRI-FcR γ-chain complexes to 
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lipid rafts. There, the Src kinase Lyn phosphorylates tyrosines within the FcR γ-chain 
ITAM. The phosphorylated tyrosines can then serve as "docking" sites for the recruitment 
of tyrosine kinase such as, SH2-domain containing Syk, Blk, Btk, PI-3 kinase (PI-3K) and 
PLC-γ. This may eventually lead to processes like phagocytosis, antigen presentation, 
ADCC, superoxide production and cytokine release (80, 81). FcαRI can also associate with 
members of the Ras/Raf1 pathway (e.g. Grb2, Shc and SHIP). This suggests that depending 
on the type of adaptor complexes, the PI-3K pathway, or the Ras/Raf1 pathway can be 
triggered (81-86). Importantly, at inflammatory sites the level of cell activation by different 
stimuli induces different signaling mediator pathways. This is also dependent on the type of 
cell (83, 85). A schematic overview of FcαRI signaling molecules is shown in Figure 2A. 
FcαRI can also be expressed in the absence of FcR γ-chains, described for transfected cell 
lines, and elect monocytes and neutrophils. Functionality of FcαRI “γ-less” receptors is 
limited to ligand binding and receptor internalisation (87-89) (Figure 2B). Notably, IgA 
nephropathy, a life-threatening disease, seems to be independent of FcαRI association with 
FcR γ-chains (90).  
Recently, a new type of complexity was introduced for FcαRI signaling: i.e. monomeric 
targeting of FcαRI may transduce an “inhibitory” signal, diminishing signaling by other Fc 
receptors. This inhibition involved SHP-1 recruitment to FcαRI, which blocked activating 
signals via Syk, induced by other Fc receptors (91). 
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Figure 2: FcαRI outside–in and inside-out signaling. FcαRI cross-linking by IgA-Immune complexes (IgA-IC) 
induces outside-in signaling, and initiates activatory signals that are either FcR γ-chain dependent (A), or 
independent (B). A) The Src kinase Lyn phosphorylates tyrosines within ITAM signaling motifs. The 
phosphorylated tyrosines then serve as docking sites for recruitment of tyrosine kinase e.g. Syk, Blk, Btk, PI-3 
kinase and PLC-γ. Depending on adaptor complex formation, the Ras-Raf1 pathway e.g. Grb2, Shc and SHIP can 
also be activated. The level of cell priming at inflammatory sites by different stimuli induces different signaling 
mediators and subsequent pathways, this is also dependent on type of cells involved. B) FcαRI can also be 
expressed without FcR γ-chains. Functionality of FcαRI “γ-less” receptors may be limited to ligand binding and 
receptor internalisation. C) Cytokine stimulation of cells increases FcαRI binding capacity without changing 
receptor expression levels. “Inactive” FcαRI indicates low IgA-complex binding capacity, "active" FcαRI marks 
capacity to bind IgA-complexes. Select signaling mediators involved are indicated. 
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Both FcαRI activating and inhibitory signals depend on FcR γ-chain ITAM, but differ in 
the recruitment of tyrosine kinases versus tyrosine phosphatases (Figure 3A and B). 
Notably, FcγR inhibition involves co-aggregation of activating (ITAM containing) and 
inhibitory (ITIM containing) FcγR, resulting in recruitment of SHP-1, as well as SHIP-1. 
FcαRI induced inhibition does neither require co-aggregation with other FcR, nor an ITIM, 
nor SHIP-1 (25). Furthermore, monomeric IgA can also trigger ITAM-dependent apoptosis, 
which seems suppressed by SHP-1, whereas SHIP recruitment attenuates proapoptotic 
signals initiated by ITIM-bearing FcγRIIb (Figure 3C) (92, 93). Intriguingly, recent work 
has demonstrated that FcαRI could trigger at least three different outcomes, depending on 
how the ligand is presented and under which conditions (Figure 3). To comprehend these 
processes; one could envision that during infection with an IgA-opsonized pathogen 
aggregation of Fcα receptors results in activation, whereas naturally occurring serum IgA 
would favour an inhibitory function of FcαRI. This inhibitory signal may act as 
"dampener" of immune responses (initiated by other Ig-immune complexes), thereby 
keeping immune responses under control. Notably, IgA-deficient patients exhibit higher 
frequencies of allergy and autoimmune disorders, perhaps indicative for a disbalance in 
immunity (37, 38). Finally, naturally occurring IgA can also induce cell apoptosis (or 
programmed cell death) when triggered in the presence of “secondary” (as yet unknown) 
signals, suggesting FcαRI- mediated apoptic signals to only occur in the right milieu.  
 

 
Figure 3: FcαRI can serve various roles in immunity. FcαRI engagement can initiate different outcomes, 
depending on the mode of interaction with ligands and physiological conditions. A) Inflammation with IgA-
immune complexes (multivalent complex) triggers activatory signals (as depicted in Figure 2A), involving FcR γ-
chain phosphorylation and Syk recruitment. B) Inflammation triggered by other Ig-immune complexes to their 
receptors, (for example IgG-IC and FcγRI) and simultaneous FcαRI monomeric triggering by IgA induces 
inhibitory signals via FcαRI. This may modulate the functional outcome of other Fc receptors and involves 
recruitment of tyrosine phosphatase SHP-1, inhibiting Syk recruitment to activatory FcR. C) Apoptosis of FcαRI 
expressing cells can be induced by monomeric IgA in the presence of additional (as yet unknown) signals (e.g. 
"inflammatory" responses to immune complexes under “low serum” conditions). 
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Inside-out signaling 
The concept of inside-out signaling is well established for integrins (adhesion receptors) 
and implies regulation of integrin affinity for extracellular ligands, in response to activation 
signals from inside cells (94). Activating signals vary from intracellular proteins to 
chemokines and cytokines (95-99). Integrin inside-out signaling is characterised by 
dependence on a C-terminal serine in their intracellular domain, and involvement of 
intracellular signaling proteins like PI-3K (100, 101). Fc receptors are also known for their 
inside-out signaling. Cells stimulated with cytokines increase the binding capacity for 
immune complexes, both for IgG and IgA receptors (102-104), without effects on receptor 
expression levels. Recently, an intracellular protein was found to associate with the FcγRI 
cytosolic domain which modulates its ligand binding capacity (105, 106). Cytokine induced 
inside-out signaling of FcαRI was shown to critically depend on the FcαRI intracellular 
domain (107). It furthermore involves PI-3K and downstream signaling mediators such as 
p38 MAPK or PKC (104, 107, 108). FcαRI signal transduction pathways have been 
summarized in Figure 2. 
  
FcαRI in disease and therapy 
The in vivo role of FcαRI has been studied with FcαRI-transgenic mice, since no mouse 
homologue for FcαRI has been identified so far (90, 109). These studies showed a 
dependence on FcR γ-chain for receptor functioning. FcαRI was shown to confer protection 
against e.g. Streptococcus pneumoniae and mediated clearance of bacteria that crossed 
mucosal barriers, confirming the role of FcαRI in immunity against bacterial infections (74, 
109-111). FcαRI-transgenic mice, furthermore, developed spontaneous Berger's disease or 
IgA nephropathy (IgAN), characterised by hematuria and IgA deposition in the kidney 
mesangium (90). In patients suffering from IgAN, HIV infection, ALC (alcohol liver 
cirrhosis) or spondyloatropathies, reduced FcαRI expression levels on monocytes and 
neutrophils have been found. This is paralleled by increased serum IgA levels in these 
patients, presumably due to impaired FcαRI endocytosis (112). On the contrary, increased 
FcαRI levels on eosinophils, and monocytes have been shown in allergic individuals, and 
patients with gram negative bacteremia, respectively (72, 113). Several single nucleotide 
polymorphisms (SNP) have been described in the FCAR gene. Two within EC1, one in the 
intracellular domain, and three different SNP's within the FCAR gene promoter region 
(114-117). Association of FCAR gene polymorphisms with diseases has been investigated 
to some extent. Until now, none of the SNP's were found associated with allergy, but 
susceptibility to aggressive periodontitis, systemic lupus erythematosus and chronic HCV 
infection have been associated with FcαRI polymorphisms (116, 118, 119). Some 
controversy exists for FcαRI polymorphisms and susceptibility to IgAN (115, 120-122). 
Differences in FcαRI splicing of transcripts have been shown in with patients with 
pneumonia (123). 
Although antibody-based immunotherapy generally involves IgG receptors, IgA antibodies 
have also been identified as potential candidates for immunotherapy. IgA antibodies can 
effectively induce ADCC by neutrophils, the most populous type of immune effector cells 
in the blood. Neutrophils, furthermore express FcαRI constitutively, this in contrast to the 
high-affinity IgG receptor (FcγRI) and recruitment of neutrophils can be enhanced by G-
CSF or GM-CSF (112, 124-129). Additionally, no inhibitory Fc receptor for IgA is known, 
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which may down-modulate IgA-mediated therapy, in contrast to FcγRIIb, the inhibitory 
receptor for IgG.  
Therapeutic antibodies engaging FcαRI can either be intact IgA, or bispecific antibodies 
(BsAb), recognizing both the extracellular domain of FcαRI and the tumor antigen of 
interest. A number of experimental anti-tumor therapies have been described using IgA-
bispecific antibodies (109, 125, 128, 130), or intact IgA (125, 131). Recently, Kanamaru 
and colleagues documented killing of FcαRI expressing tumors by treatment with 
monomeric IgA (93).  
 
Scope of this thesis 
A role for FcαRI in the pathophysiology of disease and as a candidate target for IgA 
antibody based immunotherapy has been well appreciated during the last years. 
Comparatively little is known, however, about this receptor relative to other Fc receptors. 
The biology of FcαRI-FcR-γ-chain complexes has thus far been the central focus of 
research. The FcαRI α-chain, however, can exert select functions independently of the FcR 
γ-chain. In the present thesis, the emphasis was placed on the biological role of the FcαRI 
α-chain. We first addressed the molecular basis of the FcαRI-FcR γ-chain transmembrane 
interaction in Chapter 2. New mediators and their relevance in cytokine-induced FcαRI 
inside-out signaling, which represents an FcR γ-chain independent process, were studied in 
Chapters 3 and 4. Identification of novel FcαRI α-chain binding proteins and their 
functional relevance were studied in Chapters 3 and 5. We furthermore addressed in 
Chapter 6 whether FcαRI can adopt a different conformation when increasing the affinity 
of the receptor for IgA. Chapter 7 contains a summarizing discussion and a view into the 
future of this fascinating field. 
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Chapter 2 

ABSTRACT 
 
The prototypic receptor for IgA (FcαRI, CD89) is expressed on myeloid cells and can 
trigger phagocytosis, tumor cell lysis, and release of inflammatory mediators. The functions 
of FcαRI and activating receptors for IgG (FcγRI, and FcγRIII) are dependent on the FcR γ-
chain dimer. This study increases our understanding of the molecular basis of the FcαRI-
FcR γ-chain transmembrane interaction, which is distinct from that of other activatory Fc 
receptors. FcαRI is unique in its interaction with the common FcR γ-chain, since it is based 
on a positively charged residue at position 209, which associates with a negatively charged 
amino acid of FcR γ-chain. We explored the importance of the position of this positive 
charge within human FcαRI for FcR γ-chain association and FcαRI functioning with the 
use of site-directed mutagenesis. In an FcαRI R209L/A213H mutant, which represents a 
vertical relocation of the positive charge, proximal and distal FcR γ-chain dependent 
functions such as calcium flux, MAPK phosphorylation and IL-2 release were similar to 
wild-type FcαRI. A lateral transfer of the positive charge, however, completely abrogated 
FcR γ-chain dependent functions in an FcαRI R209L/M210R mutant. By co-
immunoprecipitation we have demonstrated loss of physical interaction between FcR γ-
chain and FcαRI M210R mutant; thus explaining loss of FcR γ-chain dependent functions. 
In conclusion, not only the presence of a basic residue in the transmembrane region of 
FcαRI, but also the orientation of FcαRI towards the FcR γ-chain dimer is essential FcR γ-
chain association. This suggests involvement of additional amino acids in FcαRI-FcR γ-
chain interaction. 
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INTRODUCTION 
 
The receptor for IgA, FcαRI or CD89, is expressed on neutrophils, monocytes, eosinophils, 
macrophages, dendritic cells and Kupffer cells (1-5). FcαRI plays an important role in 
protection against infections. Activation of the receptor by IgA-immune complexes initiates 
numerous immune effector functions, including phagocytosis, oxidative burst, cytokine 
release, and degranulation (6-8). FcαRI is also capable of antibody-dependent cell-
mediated cytotoxicity in cooperation with complement receptor CR3 (9, 10). FcαRI is not 
only important in host defense, but may also be valuable as a target for antibody therapy 
(11-13). 
FcαRI is a type I transmembrane receptor with two extracellular Ig-like domains, a 
hydrophobic transmembrane domain, and a short cytoplasmic tail (14, 15). For several 
functions, including calcium mobilization and cytokine production, the receptor critically 
depends on the associated FcR γ-chain dimer (16-18), though FcαRI unassociated with the 
FcR γ-chain can retain some functions (19, 20). 
The FcR γ-chain contains a so-called Immuno receptor Tyrosine-based Activation Motif 
(ITAM). FcαRI ligation initiates ITAM phosphorylation, which mediates further 
downstream signalling (21-24). A stable complex of FcαRI and FcR γ-chain is important 
for FcR γ-chain dependent functions. This association is based on oppositely charged amino 
acids in the transmembrane region of both molecules (17). 
Unlike other activating Fc receptors (FcγRI, FcγRIII and FcεRI), a positively charged 
arginine at position 209 is unique for FcαRI (25). This arginine at position 209 in the 
transmembrane region of FcαRI can be replaced by a positively charged histidine without 
losing FcR γ-chain dependent functions (17). Noteworthy, it was recently shown that 
FcαRI has the exclusive feature to exert a dual function; activatory function, shared by 
other Fc receptors, and an unique capacity to trigger inhibitory functions (26). Although 
FcαRI is clearly an Fc receptor, it is more related to members of the leukocyte receptor 
cluster (LRC), including the leukocyte Ig-like receptors (LILR), and killer Ig-like receptors 
(KIR), based on amino acid sequence identity (27, 28). Within the LRC family, an N-
terminal positively charged arginine is highly conserved among all activatory receptors (27, 
29), with the exception of the Killer Activatory Receptors (KARs), which bear a positively 
charged lysine in the center of their transmembrane region (27). Interestingly, the KARs 
interact with DAP12 (30), whereas other LRC stimulatory receptors associate with the 
common Fc receptor γ-chain (31), suggesting that a positive charge located at the N-
terminal part is required for FcR γ-chain association. Furthermore, FcR γ-chain association 
of the other activating Fc receptors is based on non-basic, polar residues in the C-terminal 
part of the transmembrane region (32). 
Taken together, a basic amino acid in the transmembrane region of FcαRI is essential for 
FcR γ-chain dependent functions. Given the conserved N-terminal position of the positively 
charged residue within the LRC family, we wondered if optimal FcαRI functioning 
requires this basic residue to be at position 209. To better define the nature of this 
interaction, FcαRI mutants were generated in which the positive charge was relocated to 
new positions within the N-terminal part of its transmembrane region. Our data support the 
vertical position of this positively charged amino acid to be crucial for functional assembly 
of the FcαRI-FcR γ-chain complex and these findings can possibly be extrapolated to other 
activating LRC members. 
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EXPERIMENTAL PROCEDURES 
 
Generation of mutant FcαRI cDNAs. The insertion of human FcαRI cDNA into pCAV 
vector and murine FcR γ-chain cloned into pNUT vector were described previously in (17). 
Construction of the FcαRI R209L mutant was also described in (17). The same strategy, 
based on overlap-extension PCR with mutated oligo nucleotide primers, was used for the 
construction of both the FcαRI R209L/A213H and R209L/M210R mutant using FcαRI-
R209L cDNA as a template. 
 
Generation of stable transfectants. Generation of stable cell lines expressing the mutant 
FcαR was performed as described in (17). Briefly, the transfectants were made by 
electroporation of IIA1.6 cells with the mutant FcαRI and with the FcR γ-chain and 
subsequent selection with methotrexate (Pharmachemie, Haarlem, the Netherlands), several 
subclones were tested in the described assays. Expression of FcαRI was confirmed by flow 
cytometry and FcR γ-chain was detected by western blotting (see below). 
 
Cells. The murine CD5+ B cell/macrophage cell line IIA1.6 (33) was cultured in RPMI 
1640 (Gibco, Paisley, UK, 2 mM glutamine, 25 mM Hepes) supplemented with 10% heat–
inactivated FCS (Integro, Dieren, The Netherlands), 100 unit/ml penicillin (GibcoBRL, 
N.Y), 100 μg/ml streptomycin (GibcoBRL, NY). FcαRI transfectants were maintained in 
the same medium supplemented with methotrexate (10 μM). 
 
Flow cytometry. FcαRI expression was measured by incubating the cells with mAb A59-PE 
(BD Biosciences, BD Pharmingen, San Diego, CA) or with an isotype control (mIgG1-RPE, 
DAKO Glostrup, Denmark) for 30 min at 4 °C. Cells were washed twice with PBS, 1% 
bovine serum albumin, 0.1% NaN3 and analysed by FACSCalibur (BD Biosciences, BD 
Pharmingen, San Diego, CA). 
 
Western blotting. Total lysates of the transfectants were prepared in reducing Laemmli 
sample buffer and analysed by SDS-PAGE on 15% polyacrylamide gels for detection of 
FcR γ-chain. The polyacrylamide gels were transferred on polyvinylidene fluoride (PVDF) 
membranes (Immobilon-P, Millipore corporation, Bedford, MA), blocked with 5% low fat 
milk powder in PBS for 1 hour at RT. For FcR γ-chain detection the membranes were 
probed with a rabbit polyclonal anti-human γ-chain (1:1000, Upstate, Charlottesville, VA) 
for 1 hour at RT followed by incubation for 45 min with Goat-anti-Rabbit IgG (H+L)-HRP 
(1:10.000, Pierce, Rockford, IL). After extensive washing in PBST (PBS, 0.05% tween-20), 
bound antibody was detected by chemiluminescence (Amersham Biosciences, Freiburg, 
Germany). 
 
Ligand binding assay. As ligand, IgA coated 96-well plates were used, to assess the binding 
of the transfectants to IgA. Briefly, 96-well plates were coated overnight at 4ºC with 100 μl 
human IgA serum (ITK diagnostics BV 10μg/ml) or with 100 μl BSA (10 μg/ml, Roche, 
Mannheim, Germany) as a negative control. On the next day the plates were washed twice 
with PBS + 1% BSA. Cells (5 x 106) were prepared by incubation with 1 μl Calcein-AM 
(20 mM, Molecular probes, Oregon, USA) for 30 min at 37ºC. After washing, 2 x 105 cells 
were added per well of the coated plates. After incubation of 30-60 min at 4ºC, plates were 
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directly measured on a fluoriscan (Molecular probes) at 485 nm, this reading was 
designated as input. Next, plates were washed, to remove non-adherent cells, until the 
fluorescence of the BSA coated wells was down to background level. Subsequently, 
adhesion of the transfectants to IgA was expressed as fluorescence after washing the plate 
divided by fluorescence before washing the plate (method adapted from (34)). Ligand 
binding capacity of the FcαRI Wt transfectant was set at 100%. The ligand binding 
capacity of the FcαRI mutant receptor was calculated in percentages compared to the 
FcαRI Wt. Data are shown as mean +/- SD. 
 
FcαRI internalisation. Cells (2 x 105) were loaded with mAb anti-human CD89 or mIgG1 
isotype control for 60 min at 4ºC. After washing, the cells were incubated with a second 
antibody goat F(ab’)2 anti-mouse IgG1. At this point the samples were split in two. One 
sample was put at 4ºC to measure total surface expression of FcαRI, the other sample was 
put at 37ºC for indicated time points. After these incubation periods, the surface FcαRI 
expression was measured by staining the retained surface receptors with a third antibody 
(RαG-IgG(H+L)-FITC conjugated, Jackson immuno research, West Grove, PA) for 30 min 
at 4ºC. After washing the samples were analysed for FcαRI surface expression on a FACS 
Calibur. Internalization of FcαRI in the 37ºC samples was calculated as a percentage of the 
total FcαRI expression measured in the 4ºC samples. 
 
Calcium mobilization assay. Intracellular free calcium levels were measured using cells 
simultaneously labelled with 1,5-(and-6)-carboxy seminaphtorhoda fluor-1-acetoxymethyl 
ester (SNARF-1), acetate (2.8 μM) and Fluo-3, AM (1.4 μM) (Molecular probes, Eugene, 
OR) by incubation for 30 min at 37°C in RPMI 1640 (2 mM glutamine, 25 mM Hepes) 
supplemented with 1% heat–inactivated FCS unit/ml penicillin, 100 μg/ml streptomycin. 
Cells were washed and incubated with anti-human CD89 antibody or mIgG1 isotype 
control antibody, incubated for 30 min at 4°C, washed and resuspended in RPMI 1640 (2 
mM glutamine, 25 mM Hepes) supplemented with 1% FCS. Calcium mobilization was 
measured on a FACSCalibur. In the first 20 seconds a baseline value for the intracellular 
free calcium concentration was measured. Subsequently, FcαRI-specific calcium 
mobilization was measured by adding 6 ul of Goat F(ab’)2 anti-mouse IgG1 (Southern 
Biotech, Birmingham, AL). In parallel, for each cell line the release of calcium after B cell 
receptor cross-linking was assessed by addition of goat F(ab’)2 anti-mouse IgG (Jackson 
immuno research, West Grove, PA). 
 
MAPK phosphorylation assay. Cells (2 x 105) were incubated with anti-FcαRI (A77) for 30 
min at RT. After washing twice with RPMI 1640, F(ab')2 of goat anti-mouse IgG1 Ab was 
added for indicated time points at 37°C to cross-link FcαRI. Reactions were stopped by 
addition of 70 μl reducing SDS-PAGE sample buffer. Cross-linking of the B cell receptor 
by addition of goat F(ab’)2 anti-mouse IgG for 2 minutes at 37°C served as a positive 
control. Background levels of MAPK phosphorylation were determined by omitting the 
cross-linking antibody or by omitting all antibodies. Western blotting of these samples is 
described above. Membranes were blocked in 5% BSA (Roche Diagnostic Systems, 
Mannheim, Germany) and probed with anti-phospho-p44/42 MAPK or anti-total MAPK Ab 
for 2 h (Cell Signalling Technology, Beverly, MA). Following washing, membranes were 

incubated for 45 min with peroxidase-conjugated goat anti-rabbit Ab. 
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IL-2 production. Transfectants were incubated for 30 min at 4ºC with mAb anti-human 
CD89 or with mIgG1 isotype antibody as a control. After washing with PBS, goat F(ab’)2 
anti-mouse IgG1 in complete medium was added to the cells and incubated overnight at 37 
ºC. As a positive control, goat F(ab’)2 anti-mouse IgG was used to trigger the B cell 
receptor. After overnight incubation, supernatants were isolated and IL-2 production was 
measured by ELISA. For this purpose, a 96-wells plate was coated overnight with the 
capture mAb Rat anti-mouse IL-2 (BD Pharmingen, San Diego, CA, 0.5 mg/ml) in 100 μl 
binding buffer (0.1M Na2HPO4 pH 9.0). Subsequently, the plate was blocked with 100 μl 
1% BSA in PBS for 1 hour at RT, and 1:3 diluted samples were incubated for 2 hours at 
RT. Next, a mixture of detecting antibodies was added (Biotin-Rat anti-mouse IL-2, BD 
Biosciences, BD Pharmingen, Streptavidin-POD conjugated, Roche, Mannheim, Germany). 
IL-2 production was measured at 405 nm on a MultiscanRC (Thermo labsystems, Norwalk, 
CT). Each supernatant was measured individually in the IL-2 ELISA. 
 
Co-immunoprecipitation. Prot A/G agarose beads (Santa Cruz Biotechnology, Santa Cruz, 
CA) were incubated with 3 μg of purified anti-human CD89 (0.5 mg/ml, BD Biosciences) 
or mIgG1 isotype control antibody (Sigma, St.Louis, MO) in PBS, 1% bovine serum 
albumin at 4°C for a minimum of two hours for each immunoprecipitation. IIA1.6 cells (1 x 
107 cells/immunoprecipitation) were collected by centrifugation and lysed in a digitonin 
lysis buffer (1% digitonine, 150 mM NaCl, 0.12% triton x-100, 20 mM Triethanolamine) 
for 30 min. at 4°C. The lysate was clarified by centrifugation at 15,000 rpm for 10 min at 4 
°C and the supernatant was transferred to the antibody-coated beads. This mixture was 
incubated over night at 4°C. Next, beads were isolated by centrifugation at 4000 rpm for 10 
min at 4°C and washed twice in digitonin lysis buffer. Precipitates were resuspended in 
Laemmli sample buffer and checked for FcR γ-chain by western blotting. 
 
 
RESULTS 
 
Generation of FcαRI transmembrane mutants. 
A functional association between FcαRI and FcR γ-chain occurs when a positively charged 
residue (R209 or R209H) is present within the FcαRI transmembrane domain, whereas a 
negative (R209D) or uncharged (R209L) amino acid at position 209 results in loss of 
FcαRI functioning (17, 26). To investigate whether not only the presence of a positive 
charge, but also its localization in the transmembrane region of FcαRI is a prerequisite for 
functional FcR γ-chain association, we constructed two double mutants, FcαRI 
R209L/M210R (M210R), and FcαRI R209L/A213H (A213H) (Fig. 1A). We relocated the 
positive charge from position 209 to either position 210 or 213 in the N-terminal part. We 
focused on the N-terminal region since more C-terminal located positively charged amino 
acid would probably interact with DAP12 rather than FcR γ-chain (18, 27). The 
functionality of a lateral or vertical relocation of a positive charge was determined in the 
FcαRI M210R, and FcαRI A213H (Fig. 1B). 
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Figure 1: Schematic overview of FcαRI Wt and FcαRI mutant constructs. A) Amino acid sequence of FcαRI 
(196-244). In bold, the positively charged arginine (R) at position 209 in FcαRI Wt transmembrane region. Within 
the transmembrane region of FcαRI A213H mutant, in bold, R209 was replaced by an uncharged leucine (L), and 
the alanine at position 213 (A213) was replaced by a positively charged histidine (H). For the FcαRI 
R209L/M210R mutant receptor, in the transmembrane region, in bold R209 replaced by an uncharged leucine (L), 
and replacement of methionine (M) at position 210 (M210) by a positively charged arginine (R). B) α-helical 
model of the transmembrane region of FcαRI. Encircled the R at position 209 (FcαRI Wt). Lateral transfer of the 
positive charge to position 210 (FcαRI M210R mutant) is represented by (←). The vertical relocation of the 
positive charge (FcαRI A213H mutant) is marked by (↓). Side chains of the amino acids R209, R210 and H213 
are depicted. 
 
We decided to replace the methionine (M210), and the alanine (A213), for a positively 
charged arginine, and histidine, respectively, to minimally change the size of the amino 
acid side chains. Stable transfectants were generated by co-transfecting individual FcαRI 
constructs with the murine FcR γ-chain in the murine IIA1.6 cell line. FACS analyses 
showed all transfectants to express similar levels of FcαRI (Fig. 2A). Protein expression of 
FcR γ-chain was detected in the transfectants at similar levels by western blotting (Fig. 2B). 
 
FcαRI mutants mediate FcαRI ligand binding and receptor internalization.  
To exclude the possibility of a conformational change in the extracellular FcαRI part by 
introduction of mutations in the transmembrane region of the Fcα-receptor and differences 
in activation state of the receptor (35), we tested ligand binding and internalization of 
FcαRI. First, FcαRI ligand binding capacity was determined, using plates coated with 
human serum IgA and fluorescence labeled cells (34). Both FcαRI A213H and FcαRI 
M210R cells bound to IgA-coated plates with similar capacity to FcαRI Wt (Fig. 3A). 
Secondly, we examined FcαRI internalization upon receptor cross-linking. As shown in 
Figure 3B, FcαRI Wt and FcαRI mutants internalized with similar kinetics. These data 
demonstrate that both FcαRI mutants retain intact α-chain properties. 
 

 33 



Chapter 2 

 
Figure 2: Expression of FcαRI and FcR γ-chain in IIA1.6 transfectants. A) Expression of FcαRI in IIA1.6 
FcαRI transfectants (n>3). Cells were incubated with an anti-FcαRI mAb (black line) or with mIgG1–PE (isotype 
control, grey line). B) Protein levels of FcR γ-chain were measured in lysates of FcαRI transfectants by western 
blotting with an anti FcR γ-chain antiserum. Expression of FcR γ-chain was shown by the presence of a 9 kDa 
protein band. Irrelevant protein bands, due to cross-reactivity of the secondary antibody staining served as loading 
controls in all samples (n=3).  
 

 
Figure 3: Ligand binding capacity and internalization of FcαRI transfectants. A) Calcein-AM labelled cells 
were incubated in 96-well plates which were coated with human IgA serum or BSA (negative control), 
fluorescence of the cells was measured at 485nm on a fluoriscan. Ligand binding was assessed by calculating the 
fluorescence of the transfectants, after washing compared to the input. The ligand binding capacity of FcαRI Wt 
was set at 100%. On the Y-axis the percentage ligand binding capacity compared to the FcαRI Wt (n=2). Binding 
of all FcαRI transfectants to BSA coated plates remained below 5% (data not shown, n=2). B). To determine the 
internalization capacity of Fcα receptors in the different transfectants, cells were loaded with an anti-human 
FcαRI mAb or mIgG1 (negative control), and subsequently with a goat F(ab’)2 anti-mouse IgG1. Half of the 
samples were put on ice; the other halfs were put at 37ºC for indicated time points (depicted on the X-axis). Next, 
retained surface receptors were stained with RαG-IgG (H+L)-FITC. FcαRI internalization rates in 37ºC samples 
were calculated as a percentage of the total FcαRI expression measured in the 4ºC samples (depicted on the Y-
axis, n=3).  
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FcαRI M210R mutant signaling is abrogated.  
FcαRI cross-linking is known to trigger calcium release from intracellular stores (36). To 
test FcαRI functioning after relocation of the positive charge, we assessed the ability of 
both FcαRI mutants to trigger intracellular calcium release. We measured FcαRI-specific 
calcium flux after cross-linking with anti-FcαRI mAb (A59) and GαM-IgG1 (Fig 4A and 
4B). Using an isotype control mIgG1 antibody and the secondary antibody GαM-IgG1 (neg) 
did not result in a calcium flux. The FcαRI Wt transfectant showed a maximum calcium 
flux at 100 seconds (Fig. 4A). By triggering the FcαRI A213H mutant, we observed a Wt-
like phenotype (Fig. 4A). In contrast, the FcαRI M210R mutant was severely hampered in 
calcium mobilization upon FcαRI triggering (Fig. 4B). IIA1.6 cells endogenously express 
the B cell receptor (surface IgG2a) (37). All FcαRI transfectants expressed B cell receptors 
at similar levels (data not shown, n=2). As shown in figures 4C and 4D, all transfectants 
were capable of calcium mobilization upon B cell receptor triggering (BCR). 

 
Figure 4: FcR γ-chain dependent calcium release in FcαRI transfectants. Calcium mobilization was triggered 
with an anti-human CD89 antibody (CD89), or mIgG1 (neg) in SNARF-1/FLUO-3 loaded cells (A, and B, n=3). 
In the first 20 seconds a baseline value for the intracellular free calcium concentration was measured. 
Subsequently, FcαRI-initiated calcium mobilization was measured upon adding goat F(ab’)2 anti-mouse IgG1. B 
cell receptor cross-linking (BCR) was assessed by addition of goat F(ab’)2 anti-mouse IgG (C, and D, n=2). In 
every graph the thick line marks the FcαRI Wt cell line, and the thin lines represent FcαRI mutant cell lines 
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Because calcium mobilization is a PI-3K mediated pathway and triggering FcαRI can also 
induce RAS/MEK/MAP kinase activation, eventually leading to activation of several 
FcαRI functions (7, 13, 35, 38, 39) we next investigated MAPK phosphorylation upon 
FcαRI cross-linking. The FcαRI Wt (Fig. 5A) and the FcαRI A213H (Fig. 5B) mutant 
induced MAPK phosphorylation at 5 minutes, which lasted until at least 20 minutes, 
whereas MAPK phosphorylation for the FcαRI M210R (Fig. 5C) mutant was less 
prominent and faded quickly. B cell receptor triggering induced MAPK phosphorylation 
measured at 2 min (+). 
 

 
 
Figure 5: FcαRI cross-linking triggered MAPK phosphorylation. Cells were incubated with an anti-FcαRI 
mAb, and cross-linked with goat F(ab’)2 anti-mouse IgG1 for 20 seconds (20”) to 20 minutes (20’) to induce 
FcαRI-mediated MAPK phosphorylation. As a negative control, cells were only incubated with anti-FcαRI mAb 
(-), or no antibody (n.ab). As a positive control, cells were incubated with goat F(ab’)2 anti-mouse IgG for 2’ to 
trigger the B cell receptor (+). For each cell line anti–pho-MAPK staining is shown in the upper panels and total 
MAPK in the lower panels (n=2).  
 
A more distal function triggered by FcαRI is IL-2 production (17). For all transfectants, IL-
2 secretion was triggered by FcαRI cross-linking. As shown in Figure 6A (data shown in 
duplicate) FcαRI Wt and the FcαRI A213H were capable of producing significant levels of 
IL-2. In contrast, the FcαRI M210R mutant displayed a reduced capacity to produce IL-2 
upon FcαRI stimulation. No IL-2 release was measured using an isotype control antibody 
(data not shown). B cell receptor triggering resulted in a normal IL-2 production for all 
transfectants (Fig. 6B). 
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Figure 6: FcαRI triggered IL-2 release. IL-2 production was measured with an IL-2 ELISA in supernatants after 
overnight stimulation, following FcαRI cross-linking in the different transfectants (A) or the B cell receptor (B). 
IL-2 production of FcαRI Wt is shown in black bars, of FcαRI A213H in white, and FcαRI M210R in grey, each 
experiment was done in duplicates. Bars are representative for three independent experiments. No IL-2 release was 
measured using an isotype control antibody (n=3, data not shown). 

 

  
 
Figure 7: Physical interaction between FcαRI and FcR γ-chain. 1 x 107 cells were lysed in a digitonin 
containing lysis buffer, and supernatants were transferred to anti-human FcαRI coated beads or mIgG1 (isotype 
control) coated beads. Mixtures were incubated overnight at 4°C. Next, beads were isolated and precipitates 
resuspended in Laemmli sample buffer, and checked for FcR γ-chain. FcαRI specific Co-IP is indicated by (+), 
and Co-IP via isotype control by (-). Irrelevant protein bands, due to cross-reactivity of the secondary antibody 
staining served as loading controls in all samples. Three experiments were performed, yielding essentially 
identical results. 
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FcαRI does not associate with FcR γ-chain. 
Because calcium mobilization, MAPK phosphorylation and IL-2 production are dependent 
on interaction between FcαRI and FcR γ-chain, we next tested this interaction in the FcαRI 
mutants. Co-immunoprecipitations were performed for each cell line with FcαRI specific-
A59 antibody (+), and mIgG1 as isotype control (-). Co-immunoprecipitation of FcR γ-chain 
was comparable for FcαRI Wt and FcαRI A213H (Fig. 7). The FcαRI M210R mutant, 
however, did not co-immunoprecipitate FcR γ-chain. No immunoprecipitation was detected 
using isotype control antibody. Besides loss of interaction in this stably transfected cell line, 
we confirmed the inability of the FcαRI M210R mutant to bind the FcR γ-chain in a 
transient transfection system in HEK 293T cells (data not shown). The FcαRI Wt however, 
was fully capable of FcR γ-chain association under these conditions. This suggests that the 
physical interaction between the FcαRI M210R mutant and the FcR γ-chain is disrupted. 
 
 
DISCUSSION 
 
Similar to activating FcγR, the Fcα receptor forms a complex with an FcR γ-chain 
homodimer in myeloid cells (17, 40, 41). However, unlike FcγR, the molecular basis of this 
interaction involves a positively charged arginine residue (R) at position 209 in the 
transmembrane domain of FcαRI and a negatively charged aspartic acid (D) in the FcR γ-
chain transmembrane domain (17). We here studied the influence of the position of the 
positive charge in the transmembrane region of FcαRI in two FcαRI transmembrane 
mutants, thereby testing the spatial requirements for FcR γ-chain association. A vertical 
relocation of the positive charge in the α-helical transmembrane of FcαRI was realized in 
the FcαRI A213H mutant. The FcαRI M210R mutant represents a lateral transfer of the 
positive charge. These FcαRI mutants were tested for FcR γ-chain dependent and 
independent functions and compared to the FcαRI Wt. 
Although it is difficult to exclude subtle conformational changes in the Fcα receptor after 
introducing point mutations in its transmembrane region, no indications for conformational 
changes were obtained after replacement of the arginine by a leucine (R209L), as shown in 
(17). By substitution of the methionine, and alanine for a positively charged arginine (R), 
and histidine (H), respectively, we changed the amino acids to a minimal extent; in 
addition, the arginine and histidine were interchangeable without affecting FcαRI 
functioning, as previously described (17). We can exclude major conformational changes of 
the α-chain since we found FcαRI surface expression (Fig. 2A), normal IgA binding ability 
of the FcαRI mutants, and the capacity to internalize FcαRI in both mutant receptors (Fig. 
3). 
In the present report we found that the positive charge can be relocated within the 
transmembrane region of FcαRI, without losing FcR γ-chain dependent functions, as shown 
for the FcαRI A213H mutant. Lateral relocation, however, of the positive charge in the 
FcαRI M210R mutant had a major impact on FcR γ-chain dependent functionality. After 
lateral translocation no FcR γ-chain association was found under mild lysis conditions (Fig. 
7), resulting in loss of signalling via the PI-3K pathway, and Ras-ERK pathways. This was 
shown for calcium mobilization (Fig. 4), MAPK phosphorylation (Fig. 5), and IL-2 
production (Fig. 6). Although FcαRI transgenic mice are dependent on the FcR γ-chain for 
FcαRI surface expression (9), a number of other studies showed FcαRI surface expression 
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not to be dependent on FcR γ-chain association (17, 19, 20), in line with our data of the 
FcαRI M210R mutant which expressed FcαRI at similar levels as the FcαRI Wt. 
Because the crystal structure of FcαRI has only been elucidated for the extracellular part of 
the receptor (42, 43), we propose a model to clarify the vertical and lateral relocations of 
the positive charge and its outcome on FcαRI functioning. The transmembrane sequence 
was tested in different prediction programs resulting in the same α-helical wheel model 
(Fig. 8A) (44, 45). In this model, R209 and H213, in the FcαRI A213H, both face the FcR 
γ-chain, whereas M210R turns sideways (Fig 8B). 
 

 
Figure 8: Schematic model of FcαRI - FcR γ-chain association. A) Schematic diagram of the transmembrane 
region of FcαRI( a.a 207-224) interacting with the transmembrane regions of human FcR γ-chain homodimer (a.a. 
9-26). Predicted helical wheel diagrams are shown (www.site.uottawa.ca/~turcotte/resources/HelixWheel). The N-
termini of the transmembrane regions start with a thick black line and end with a thin grey one (C-terminal end of 
the transmembrane regions). The association between the arginine (R) at position 209 in FcαRI and the aspartic 
acid (D) at position 11 in FcR γ-chain is marked by a thick dotted line. The FcR γ-chain transmembrane disulfide 
bond between cysteines (C) is marked by a solid line. The positions of A213 and M210 are marked by circles. The 
additional FcαRI interacting amino acids (Y25 and C26) of the FcR γ-chain are represented by thin dotted lines. A 
three-dimensional figure is depicted in Figure 8B. Depicted are in blue the side chains of the amino acids R209, 
H213, R210 of FcαRI, the D11 of FcR γ-chain in red, extracellular cysteines in orange and the Y26 and C26 in 
yellow. 
 
The functional capabilities of the FcαRI A213H receptor support this model; i.e. this 
mutant receptor probably associates with FcR γ-chain in the same orientation as FcαRI Wt, 
parallel to the original arginine to aspartic acid interaction. Relocation of the positive 
charge laterally in the FcαRI M210R (Fig. 8A), results in transfer of the positive charge 
outside the interface of FcαRI and FcR γ-chains although still N-terminally and in close 
proximity with the original positive charge (Fig. 1 and 8B). This resulted in loss of FcR γ-
chain dependent functions, due to inability to assemble with the FcR γ-chain. Several 
factors may underlie these data. First, as recently described (18), not a single γ-chain but 
dimerisation of two γ-chains is essential for FcαRI assembly, resulting in a “three-helical” 
interface. Second, the cysteines that form the disulfide bond between the two FcR γ-chains 
may also contribute to the assembly of all 3 subunits. Third, recent observations (44) 
demonstrated that in addition to the aspartic acid at position 11 within FcR γ-chain, a 
tyrosine at position 25 (Y25) and a cysteine at position 26 (C26) contribute to stabilization of 
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the FcαRI-FcR γ-chain complex. Which FcαRI amino acids are involved in these 
interactions is unknown. However, by replacing the methionine at position 210 for an 
arginine, we cannot exclude the possibility of disrupting an unknown interaction between 
the methionine and FcR γ-chain. 
Taken together, the assembly of FcαRI and FcR γ-chain is not exclusively based on the 
arginine to aspartic acid interaction. Several other residues play an essential role in the 
formation of the “three-helical” interface. Replacement of the positive charge outside this 
interface could result in disruption or inadequate formation of the FcαRI-FcR γ-chain 
complex. Notably, the importance of the position of a positive charge for complex 
formation has also been described for TCR-CD3 assembly (46). The α-chain of the TCR 
bears two positive residues on opposite sides, allowing association with both the CD3δ- and 
CD3ε-chains. Relocation of one of the positive charges abrogated association of the α-
chain with the CD3δε heterodimer that coincided with lack of formation of the TCR α/β 
complex. 
From previous studies on Fc receptors, it is known that polar transmembrane residues are 
required for FcR γ-chain association for optimal receptor functioning indicating that other 
residues can interact with FcR γ-chain. For FcγRI, the last 10 amino acids within the 
transmembrane region of FcγRI, including the polar asparagine is important for FcR γ-chain 
dependent phagocytosis (41, 47). In FcεRI and FcγRIIIa, a negatively charged aspartic acid 
is present in the transmembrane region, and mediates FcR γ-chain association and 
functioning (48-50). Replacement of the transmembrane region of FcR γ-chain with CD8 
transmembrane region (32) abrogated phagocytosis, indicating that the transmembrane part 
is crucial for association. 
In summary, this present study further defines the molecular basis for FcαRI- FcR γ-chain 
association. Vertical positioning of the basic residue is found to be indispensable within the 
“three-helical” interface for functional assembly of the FcαRI–FcR γ-chain dimer complex. 
This implies that multiple interactions contribute to stable FcαRI-FcR γ-chain complexes. 
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ABSTRACT 
 
Traditionally, IgA has been considered a non-inflammatory antibody. However, serum IgA 
can initiate inflammatory responses that critically depend on the ligand binding capacity of 
its receptor, FcαRI. The intracellular tail of FcαRI plays a crucial role in this inside-out 
signaling. Here, we describe interaction of the Serine/Threonine phosphatase, Protein 
Phosphatase 2A (PP2A), with the intracellular tail of FcαRI. Upon cytokine stimulation 
PP2A dephosphorylated FcαRI on Serine 263. This correlated with receptor activation. 
Functionally, PP2A inhibition resulted in decreased FcαRI ligand binding capacity in 
transfected cells, as well as eosinophils and monocytes, and PP2A was found crucial for 
FcαRI phagocytosis of Neisseria meningitidis. In conclusion, PP2A is the first molecule 
described to interact directly with the FcαRI intracellular tail, and PP2A modulates 
cytokine-induced inside-out signaling of FcαRI, a process linked with phosphorylation of 
Serine 263. These data shed new light on regulation of FcαRI priming. 
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INTRODUCTION 
 
Antibodies play a fundamental role in immune defence, providing protection against 
invading microorganisms. IgA represents the most abundantly produced antibody (Ab) 
isotype in the body, and makes essential contributions to immune protection both 
systemically and at mucosal sites (1, 2). The myeloid receptor for IgA, Fcα Receptor I 
(FcαRI or CD89) is a low affinity receptor for monomeric IgA (Ka ~106 M-1). Polymeric 
IgA and IgA immune complexes, however, bind with greater avidity. FcαRI expression, 
restricted to cells of the myeloid lineage (3, 4) is constitutive and ligand independent, since 
receptor expression is not altered in patients deficient in IgA (5).  
IgA-immune complexes can trigger numerous cellular responses via FcαRI, including 
phagocytosis, antigen presentation, cytokine release and, antibody dependent cellular 
cytotoxicity(4, 6, 7). Conversely, in the absence of sustained aggregation by IgA-immune 
complexes FcαRI may also act as an inhibitory modulator acting on Fcγ and Fcε receptor 
activation (8) or induce apoptosis (9). 
The FcαRI ligand binding subunit is composed of two extracellular Ig-like domains, a 
transmembrane region and a short cytoplasmic tail of 41 amino acids devoid of known 
signaling motifs. FcαRI mediated cellular functions critically depend on an associated FcR 
γ-chain that mediates tyrosine kinase activation. Notably, FcαRI expression on transfected 
cells, monocytes and a subset of neutrophils, as well as ligand binding and endocytosis are 
independent of FcR γ-chain association (10-14). Given the strong cellular responses that 
can be initiated by FcαRI triggering, a controlled regulation of receptor activity is 
beneficial (7, 15-17). As described for FcγRI, FcγRIIa and FcαRI, ligand binding can be 
rapidly modulated in response to intracellular signals without effects on receptor expression 
levels (18-20). This concept is well established for integrins and generally referred to as 
inside-out regulation (21).  
For Fc receptors, several pathways have been shown to control inside-out modulation of 
receptor functionality. Ligand binding capacity of Fc receptors on eosinophils is regulated 
by cytokine receptors (18, 20). Differently, FcγRI inside-out signaling is mediated by the 
protein periplakin, which binds to the FcγRI intracellular tail and modulates ligand binding 
(19). Likewise, integrin activation can be regulated by Fc receptors via inside-out signaling 
and, vice versa, integrins can modulate Fc-receptor functioning (22). 
The importance of FcαRI regulation by cytokine-induced inside-out signaling has been 
documented in allergic patients (23). Cells of these patients exhibit no cytokine dependency 
in order to bind IgA-immune complexes, indicating that these cells are “primed” and lack a 
properly regulated response to immune complexes. Despite sensitivity of Fc-receptor 
function to inside-out control, surprisingly little is known about underlying mechanisms. 
Initial studies demonstrated an essential role of the intracellular domain of FcαRI but FcR 
γ-chain independence for cytokine-induced inside-out signaling (12, 24, 25). FcαRI 
mutants established a crucial role of the intracellular Serine 263 in this process. Serine 263 
mutated into an alanine (S263A) resulted in a constitutive, cytokine independent, active 
FcαRI phenotype. The reverse was shown with an FcαRI Serine 263 to an aspartic acid 
(S263D) mutant, mimicking phosphorylation. Furthermore, recombinant proteins of the 
wildtype FcαRI intracellular tail can be phosphorylated, shown by vitro kinase assays. 
These findings lead to the hypothesis that upon cytokine stimulation the inactive receptor 
becomes dephosphorylated and primed for IgA-immune complex binding. 
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At present, no proteins have been described that control FcαRI functioning by interacting 
with the tail of FcαRI and since inside-out control is clearly an FcαRI α-chain mediated 
process, we searched for FcαRI binding proteins in the yeast two-hybrid system. We 
identified the ubiquitously expressed Serine/Threonine phosphatase Protein Phosphatase 
2A (PP2A) to specifically interact with the FcαRI intracellular domain. PP2A consists of 
several subunits interacting with over 50 different proteins (26, 27). A number of studies 
have implicated PP2A in signal transduction pathways regulating cell growth and 
mitogenesis in response to extracellular stimuli (28-30). We also characterized the role of 
FcαRI intracellular Serine 263 phosphorylation in cytokine-induced inside-out signaling of 
FcαRI.  
In this study we document that cytokine-induced FcαRI activation is correlated with 
dephosphorylation of FcαRI-Serine 263 by the Serine/Threonine phosphatase, PP2A, 
which modulates thereby inside-out control of FcαRI. Furthermore, we demonstrate here 
that this inside-out control by PP2A has direct consequences for the biological function of 
FcαRI.  
 
 
EXPERIMENTAL PROCEDURES 
 
Reagents and antibodies 
The anti-Flag antibody and anti PP2A A-subunit antibody were purchased from Sigma 
Aldrich chemie (St.Louis, MO,), anti PP1 antibody from Upstate (Charlottesville, VA),  
mAb A59 PE, mAb CD14 from BD Pharmingen (San Diego, CA), mIgG1-RPE from 
DakoCytomation (Glostrup, Denmark), Anti-HA antibody from Covance (Denver, PA), 
Goat (Fab)’2 anti mIgG1-RPE from (Southern technologies, Birmingham, AL), Goat 
(Fab)’2 anti rIgG-FITC from (Jackson ImmunoResearch Laboratory, West Grove, PA) anti 
GST-antibody from Amersham Pharmacia Biotech (Uppsala, Sweden) and the anti-FcαRI 
rabbit serum was a kind gift from C. van Kooten (31). The inhibitors Catharidin, Fostriecin 
and Ascomycin were purchased from Sigma Aldrich chemie (St.Louis, MO). The inhibitor 
Okadaic Acid was obtained from Alexis Biochemicals (San Diego, CA). Prot A/G PLUS 
agarose was purchased from Santa Cruz Biotechnology (Heidelberg, Germany). IL-3, IL-5 
and GM-CSF were generously provided by Dr. H. Honing (UMCU, Utrecht, the 
Netherlands) described in (12, 18). V-gene matched IgA and IgG antibodies directed 
against Porin A of (7). Bacteria were FITC labelled by incubation with 250 ug FITC 
(Sigma, St.Louis, MO,) for 30 min. at RT. Anti-FcαRI-pho-Serine263 and anti-FcαR-
Serine-263 antibody were generated by Covance Research Products Inc. (Denver, PA). 
Rabbits were immunized with the peptides LTFARTPphoSVCK and LTFARTPSVCK 
respectively. Antibodies were generated according to Covance protocol. The FcαRI-pho-
Serine263 antibody was purified using a non-phospho263-peptide affinity column, 
followed by a pho-Serine263 peptide affinity column. The FcαRI-Serine263 antibody was 
purified using the non-phospho263 peptide column. Hygromycin was purchased from 
Gibco, Calcein-AM from Molecular probes (Paisley, UK). Ficoll-Histopaque and Percoll 
were purchased from Amersham Biosciences (Uppsala, Sweden).  
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Constructs 
cDNA encoding the cytosolic tail of human FcαRI (Wt), human FcγRI, FcγRIIa, FcRγIIIa, 
FcεRI and murine (m) FcγRI was inserted in the yeast two-hybrid vector pGBT9, as 
described in (19). The human FcαRI intracellular domain Serine263A (S263A) and 
Serine263D (S263D) mutants were generated by Site Directed Mutagenesis. The FcαRI-
Wt-Gly6 construct, served as a positive control, was generated by introduction of 6 glycines 
between the sequence of the GAL4 binding domain (BD) and the sequence of FcαRI to 
expose the FcαRI tail sequence to putative interacting proteins. FLAG-tagged PP2A A-
subunit was inserted in pCB7. PP2A C-subunit wildtype, H59Q and H118Q were a gift of 
D.C. Pallas (with permission of Dr.Hemming and Dr.With) and described in (32), pMT-
GST-FcαRI-tail, GST-FcαRI-S263A mutant and the empty vector were described before 
(12).  
 
Yeast two-hybrid screening 
Oligo (dT) primed human DC library cloned in pACT-2 by the group of G. Adema (33) 
(Department of Tumor Immunology, Nijmegen Center for Molecular Life Sciences, and 
Medical Oncology, Nijmegen, The Netherlands) was screened for FcαRI-CY interacting 
proteins in yeast strain YGH1 (all Clontech, Palo Alto, CA). Protein interactions were 
assessed by growth of colonies on histidine depleted media, and β-galactosidase activity 
using a replica filter assay. FcαRI- interacting proteins were identified by blasting cDNA 
sequences at www.ncbi.nlm.nih.gov. Interaction of PP2A with other Fc receptors was 
determined by co-transfections of PP2A A subunit cDNA and cDNA of indicated Fc-
receptors, three independent colonies were transferred to histidine-lacking plates, and tested 
for β-galactosidase activity. (+) or (-); triplet colonies were positive or negative for β-
galactosidase activity respectively. 
 
Cell lines and isolation of blood cells 
The human monocytic cell line U937 was used in co-immunoprecipitation experiments. 
BaF3 cells stably transfected with FcαRI wildtype (WT), FcαRI S263A and FcαRI S263D 
cell line were described in (12). Briefly, BaF3 cells were transfected with pMT-2_VSV 
containing FcαRI together with pSG5-CMV-Hygro. BaF3 transfectants were maintained in 
the presence of murine IL-3 and hygromycin.  
Eosinophils and monocytes were isolated from healthy volunteers from the Red Cross 
Blood bank, Utrecht, the Netherlands. Eosinophil isolation was described in (12). 
Monocytes were isolated as follows; first peripheral blood mononuclear cells (PBMC) were 
collected using Ficoll-Histopaque gradient centrifugation. Next, the monocytes were 
isolated from PBMC using three layer Percoll-gradients (34%, 47.5% and 60%). After 
centrifugation monocytes were collected from upper interphase. Purity of monocytes was 
checked by CD14 staining.  
 
Transfection of cell lines 
For overexpression of FcαRI and PP2A A-subunit, 293T cells were transfected using 
FuGENE 6 reagent (Roche diagnostics, Mannheim, Germany) according to the 
manufactures recommendations. For overexpression of PP2A constructs BaF3-FcαRI cells 
were refreshed one day before transfection. The next day 1-2 x106 cells were transfected by 
using the AMAXA nucleofector kit V (AMAXA biosystems, Cologne, Germany) 
according to the manufacturer’s protocol. Shortly, cells were resuspendend in 100 ul of 
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solution V, and one microgram of DNA (PP2A C-subunit, Wt, H59Q or H118Q), 
Electroporation was performed with program X-010 in AMAXA nucleofector I (AMAXA 
biosystems, Cologne Germany).  
 
GST pull down assay 
Fusion proteins of FcαRI cytosolic tail (Wt) with GST or GST only were purified from 
E.Coli lysates with glutathione sepharose 4B beads (Amersham Pharmacia Biotech, 
Uppsala, Sweden). U937 cells were lysed in lysis buffer (50 mM Tris-HCl pH 7.5, 150 mM 
NaCl, 1% triton x-100, 5 mM EDTA) and after centrifugation to clarify the lysate, the 
supernatant was incubated with the GST fusion proteins for 2 ½ hours at 4°C. Next, beads 
were collected by centrifugation, washed in lysis buffer and resuspended in Laemmli 
sample buffer. Subsequently, GST fusion proteins were analyzed for associating proteins by 
SDS-PAGE and western blotting as described below. 
 
(Co)-immunoprecipitation 
Prot A/G agarose beads (Santa Cruz Biotechnology, Santa Cruz, CA) were incubated with 3 
μg anti-FcαRI antibody in PBS, supplemented with 1% bovine serum albumin at 4°C for a 
minimum of two hours for each immunoprecipitation. 293T cells transfected with FcαRI 
and PP2A A-subunit, or U937 cells, were collected by centrifugation and lysed in RIPA 
lysis buffer (50 mM Tris-HCl pH 7.5, 150 mM NaCl, 1% triton x-100, 0.5% DOC, 0.1% 
SDS, 10mM EDTA) for 30 min at 4°C. The lysate was clarified by centrifugation at 15,000 
rpm for 10 min at 4 °C and the supernatant was incubated with antibody-absorbed beads. 
This mixture was incubated for 2 ½ hours at 4°C by end-over-end rotation. Next, beads 
were isolated by centrifugation at 4,000 rpm for 10 min at 4°C and washed twice in RIPA 
lysis buffer. Precipitates were resuspended in Laemmli sample buffer and analyzed by 
SDS-PAGE and western blotting.  
 
In vitro kinase and phosphatase assays 
In vitro phosphorylation of GST-FcαRI intracellular domain proteins was performed as 
described in (12). Briefly, cytokine-starved BaF3 cells were lysed in 50 μl Lysis buffer (50 
mM Tris-Hcl, pH 7.5, 100 mm NaCl, 5 mM EDTA, 1% Triton X-100, 5mM NaF, 1mM 
PMSF and a protease inhibitor cocktail (Roche diagnostics, Mannheim, Germany). After 
addition of 450 ul Kinase buffer (25 mM Tris-Hcl pH 7.5. 25 mM MgCl2 50 μM rATP, 
3uCi γ32P-ATP), lysates were incubated with GST-FcαRI fusion proteins for 30 minutes at 
RT. Samples were washed extensively in a phosphatase buffer (20 mM Hepes pH 7.0, 150 
MM NaCl, 1 mM DTT, 1 mM MgCl2, 1 mM EDTA, 0.1 mM MnCl2) and subsequently 
incubated with or without recombinant Protein Phosphatase 1 or 2A (Upstate, Lake Placid, 
NY) in phosphatase buffer. After incubation for 30 min at 30ºC, samples were washed and 
resuspendend in Laemmli buffer, and analyzed by electrophoresis on 15% SDS-PAGE gels. 
To assess the contribution of endogenous PP2A on FcαRI phosphorylation, BaF3 cell 
lysates (not cytokine-starved) were prepared as described above, however NaF as general 
Serine/Threonine phosphatase inhibitor was substituted for the PP2A inhibitor OA (10-6M). 
After incubation with the GST-fusion proteins, samples were washed extensively with lysis 
buffer and resuspended in Laemmli buffer. Substrate phosphorylation was detected by 
autoradiograph, and, if indicated, the relative intensities of specific bands were determined 
with a Phosphor-imager STORM280 and Image quant software (Molecular Dynamics, 
Uppsala, Sweden). Phosphorylation of GST-FcαRI-tail was set at 100%. 
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Ligand binding assay 
The IgA or IgG assays with the Dynal beads were used for the eosinophils and monocytes 
and performed as described previously in (12). The ligand binding assays via IgA coated 
plates were performed with BaF3 FcαRI transfected cells as was described in (13). 
Briefly, either Ig-coated beads or plates were used to determine the ligand binding capacity 
of cells. BaF3 transfected cells were starved overnight in low serum concentrations (0.5%) 
with or without cytokines or if indicated starved cells were restimulated with cytokines for 
15 min at 37ºC. Primary cells were incubated with or without cytokines for 15 minutes at 
37ºC. Primary cells were then incubated with Ig-coated beads and the transfected cells were 
preincubated with Calcein-AM as fluorescent dye and subsequently incubated in Ig-coated 
plates for 30 minutes at 37ºC. Subsequently, Ig beads samples were washed and analyzed 
under a light microscope. Two or more beads binding to cells were scored as rosettes. The 
samples in the Ig-coated plates were analysed in a Fluoriscan (Fluoroskan Ascent; Thermo 

Labsystems). Ligand binding capacity was determined as the retained fluorescence of 
adhering cells upon washing the plates, until the background levels were reached (BSA 
coated wells), compared to the input fluorescence (set at 100%). PP2A inhibitors OA (10-9-
10-6M), Catharidin (Cat, 10-6M), or Fostriecin (Fos, 10-6M) were used to inhibit PP2A and 
the PP2B inhibitor Ascomycin (Acs, 10-7M) (34-36) was used as a negative control. The 
inhibitors were added to cells, incubated at 37ºC prior to the assay. Non-treated cells refer 
to cells treated with only the solvent of the indicated inhibitor. 
 
Protein Phosphatase 2A activity assay 
PP2A activity was measured with the PP2A immunoprecipitation Phosphatase Assay kit 
(Upstate Biotechnologies Ltd, Temecula, CA). The assay was performed according to the 
manufacturer's recommendations. Briefly, before use, all required reagents were tested, to 
exclude free (contaminating) phosphate. BaF3-FcαRI-Wt transfected cells were starved 
overnight in low serum concentrations (0.5%) with or without cytokine, lysed in 0.2% 
Triton X-100, 10% glycerol, 1.5 mM MgCl2, 1mM EGTA, 1mM EDTA and tested for 
PP2A activity. Immunoprecipitation by mIgG1 and OA (10-6M), added during the 
phosphatase assay) served as negative controls. Released phosphate in pmol/25 ul was 
measured by malachite green assay and plotted as fold induction compared to unstimulated 
cells. 
 
PCR of Protein Phosphatase family members 
Total RNA (1.0 µg) from BaF3 cells was converted to cDNA using a GeneAmp RNA PCR 
kit (Applied Biosystems, Branchburg NJ) followed by 35 cycles of PCR amplification 
(30 sec at 94 °C, 30 sec at 60 °C, and 90 sec at 72°C), method and primerpairs used as 
described in (37).  
Flow cytometry 
FcαRI expression levels were measured by incubating the cells with CD89 mAb A59-PE or 
with an isotype control. Cells were washed twice with PBS containing, 1% bovine serum 
albumin and 0.1% NaN3 and analysed on a FACSCalibur (BD Biosciences, BD 
Pharmingen, San Diego, CA).  
 
Intracellular flow cytometry staining 
For detection of HA-tagged constructs, intracellular FACS staining was performed. Cells 
were washed with phosphate-buffered saline then fixed with 4% paraformaldehyde for 20 
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min at room temperature and permeabilized with 0.1 % saponine. Subsequently staining 
with anti-HA antibody and GαmIgG1 antibody was performed and analysed on a 
FACSCalibur. For detection of FcαRI-Serine 263 detection, cells were fixed by 1.5% PFA 
at incubated at RT for 10 min. BaF3 transfected cells were starved overnight in low serum 
concentrations (0.5%) with or without cytokines or if indicated starved cells were 
restimulated with cytokines for 15 min at 37ºC. Freshly isolated eosinophils were, if 
indicated, stimulated with IL-5. Then, cells were pelleted and permeabilized by 
resuspending with vigorous vortexing in 500 ul ice-cold MeOH per 10E6 cells followed by 
minimal 10 min. at 4ºC or stored at -20ºC. Subsequently staining with 10ug/ml antibody 
FcαRI-phospho/non-phospho Serine263 and GαRIgG-FITC was performed and analysed 
on a FACSCalibur. 
 
Western blotting 
Samples were prepared in reducing Laemmli sample buffer and analysed by SDS-PAGE. 
Proteins were transferred on polyvinylidene fluoride (PVDF) membranes (Immobilon-P, 
Millipore, Bedford, MA), blocked with 5% low fat milk powder in PBS for 1 hour at RT. 
For PP2A detection the membranes were probed with anti-PP2A followed by incubation for 
45 min with Goat-anti-Rabbit IgG (H+L)-HRP (Pierce, Rockford, IL). After extensive 
washing in PBST (PBS, 0.05% tween-20), bound antibodies were detected by 
chemiluminescence (Amersham Biosciences, Freiburg, Germany). 
 
FcαRI internalization 
Internalization of FcαRI was studied in (13).  Briefly, cells (2 x 105) were loaded with mAb 
anti-human CD89 (A59) or isotype controls for 60 min at 4ºC. After washing, cells were 
incubated with a goat F(ab’)2 anti-mouse IgG1 antibody. At this point samples were split 
and one sample was kept at 4ºC to measure total surface expression of FcαRI. The other 
sample was incubated at 37ºC for the indicated time points. After incubation, surface FcαRI 
expression levels were measured by staining the retained surface receptors with a third 
antibody (RαG-IgG(H+L)-FITC, Jackson immuno research, West Grove, PA) for 30 min at 
4ºC. Following washing, samples were analysed for FcαRI surface expression on a FACS 
Calibur. FcαRI internalization in the 37ºC samples was expressed as a percentage of total 
FcαRI measured at 4ºC samples. Influence of PP2A inhibition on internalization was 
assessed by incubation of samples with Okadaic acid for 15 minutes at 37ºC prior cross-
linking step and during incubation with cross-linking antibody. Internalization of the non-
treated samples was set at 100%. 
 
Phagocytosis assay 
Human monocytes were isolated as described under "isolation of blood cells". 1 x 105 cells 
were, if indicated treated with OA (10-6M), opsonised by incubation for 30 minutes at 4ºC 
with 5 x 106 IgA1 or IgG1 FITC-labelled N. meningitidis in 5% heat inactivated FCS (final 
volume of100 ul). Non-attached bacteria were separated from monocytes by centrifugation 
at 300 x g for 5 min. Following washing, cells were resuspended in 400 ul RPMI 1640 
containing 10% FCS. Monocytes were split into two aliquots, and further incubated either 
at 4ºC or 37ºC. After 30 minutes, phagocytosis was stopped by addition of ice-cold PBS. 
After washing cell surface bound bacteria were detected by incubation with either Goat IgG 
F(ab)2-anti-hIgA-RPE (SBA) or GIgG F(ab)2-anti-hIgG-RPE (SBA) for 30 minutes at 4ºC. 
Samples were analysed on a FACSCalibur (BD Pharmingen). As a control for aspecific 
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binding, non-opsonized bacteria were used. Antibody mediated phagocytosis was expressed 
as the decrease of the number double positive monocytes (PE-fluorescent-FITC) incubated 
at 37ºC compared to the 4ºC samples. Number of double positive monocytes at 4ºC was set 
at 100% (38).  
 
 
RESULTS 
 
Regulatory subunit of PP2A interacts with the intracellular tail of FcαRI 
The FcαRI cytosolic tail can exert some functions independently of the associated signaling 
FcR γ-chain, but bears no known intrinsic signaling motifs (www.scansite.mit.edu). To 
identify proteins interacting with the FcαRI tail (a.a 225-266, Fig 1A), GAL4-based yeast 
two-hybrid screens were performed in a human dendritic cell cDNA library. In three 
independent screens, we identified four clones as the regulatory or scaffold subunit (A-
subunit, NCBI database; accession nr. NM_014225) of the Protein Phosphatase 2A (PP2A) 
enzyme to selectively interact with the FcαRI tail (FcαRI-Wt and FcαRI-Wt-Gly6) but not 
with GAL4 bait vector (data not shown and Fig 1B). In addition we tested PP2A binding to 
FcαRI-S263A and FcαRI-S263D mutant receptors, representing the constitutive active, and 
inactive receptor, respectively (Fig. 1A+B).  
We also tested the specificity of PP2A for other Fc receptors (Fig. 1A+B), despite low 
amino acid sequence similarity between the different Fc receptors (Fig. 1A). In yeast, PP2A 
interacts with FcαRI-Wt, FcαRI S263D mutant and FcγRIIa but not with FcαRI-S263A, 
hFcγRI, FcγRIIIa, FcεR and mFcγRI. PP2A A-subunit association to FcγRIIa has not been 
described before. To confirm FcαRI-PP2A interaction, we performed GST pulldown 
experiments by using recombinant GST-fusion proteins of FcαRI-Wt-cytosolic tail (a.a. 
226-266), and recombinant GST protein only (as a control). PP2A was co-precipitated with 
the GST-wildtype-FcαRI cytosolic tail (GST-FcαR-tail) and to a greater extent than 
observed with the GST-fusion protein alone (GST) (Fig. 1C). To further investigate the 
interaction between full-length proteins we co-transfected full length FcαRI and FLAG-
tagged PP2A A-subunit in 293T cells. Full length FcαRI was immunoprecipitated, and 
PP2A A-subunit was co-immunoprecipitated with anti-FcαRI antibody (+), but not with the 
isotype control (-) (Fig. 1D). The reverse experiment showed FcαRI to be co-
immunoprecipitated with the PP2A A-subunit compared with isotype control (data not 
shown, n=2). These experiments supported an association between FcαRI and the A-
subunit of PP2A. Notably, these co-immunoprecipitations were performed in the absence of 
FcR γ-chain, indicating PP2A A-subunit to interact with FcαRI independently of FcR γ-
chain. Next, co-immunoprecipitations performed with the human monocytic cell line U937 
(that endogenously expresses FcαRI, FcR γ-chain and PP2A) verified an endogenous 
interaction between FcαRI and PP2A (Fig. 1E). Taken together, these experiments 
demonstrated the PP2A regulatory subunit (A-subunit) to interact with FcαRI intracellular 
domain, independently of FcR γ-chain. 
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Figure 1. Association of Protein Phosphatase 2A A-subunit with FcαRI. A) Protein sequences of the 
intracellular domains of human FcαRI Wildtype (Wt), FcαRI Serine 263 mutants (FcαRI-S263A and FcαRI-
S263D), FcγRI, FcγRIIa, FcγRIIIa, FcεRI and murine (m) FcγRI. Underlined FcαRI Serine 263 mutated to an 
alanine (A) or aspartic acid (D). B) Yeast two-hybrid analyses based on β-galactosidase activity of indicated Fc-
receptors or empty vector co-transfected with PP2A A-subunit. Fc receptor constructs are described in 
“Experimental procedures”. (+) represents β-galactosidase activity (experiments were performed at least twice, 
yielding similar results). C) Pulldown experiments of recombinant GST-Wt-FcαRI intracellular tail fusion proteins 
with lysates of the human monocytic cell line U937 as a source for PP2A. FcαRI-Wt-cytosolic tail is indicated in 
the figure by GST-FcαRI-tail and (GST) marks recombinant protein of GST only. Upon immunoprecipitation by 
glutathione beads, Western blots were immunoblotted for PP2A A-subunit. Reprobing with an anti-GST antibody, 
served as loading control (n=3). D) Co-immunoprecipitation of 293T cells overexpressing full length FcαRI and 
FLAG-tagged PP2A A-subunit. Cells were lysed and immunoprecipitated with anti-FcαRI beads absorbed beads 
(+) or isotype antibody absorbed beads (-). Western blots were immunoblotted for PP2A A-subunit. As a loading 
control IgG heavy chain bands were used. (n=2). E) Co-immunoprecipitation with the human monocytic cell line 
U937. Immunoprecipitation via anti-FcαRI absorbed beads (+) or isotype antibody absorbed beads (-) and 
immunoblotting of the western blots with anti-PP2A antibody. IgG heavy chain served as loading control (n=3). 
 
Supplemental figure 1S. RT-PCR of PP-family members in BaF3 cells. 
Total RNA from BaF3 cells was converted to cDNA followed by 35 cycles 
of PCR amplification (30 sec at 94 C, 30sec at 60°C, and 90sec at 72°C), 
method and primerpairs used as described in (37). GAPDH RT-PCR 
served as a cDNA quality control. 
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FcαRI phosphorylation is controlled by PP2A 
To assess the functional relevance of PP2A binding to FcαRI cytosolic tail, we studied the 
role of PP2A in FcαRI tail dephosphorylation. Recombinant GST-FcαRI-tail proteins were 
used in in vitro phosphatase experiments. The FcαRI tail was phosphorylated by incubating 
the proteins with lysates of cytokine-starved BaF3 cells in the presence of radioactive 32P-
ATP, as described previously (12). Subsequently, incubation of samples in the absence or 
presence of recombinant PP2A revealed recombinant active PP2A to be capable of 
dephosphorylating the FcαR tail (Fig. 2A). PP1 and PP2A together account for more than 
90% of protein Serine/Threonine activity in most eukaryotic cells (39). Additionally, BaF3 
cells also contain other PP-family members (i.e. PP4), as shown by RT-PCR (supplemental 
figure 1S). Selective dephosphorylation by PP2A and not other family members (such as 
PP1) is shown in figure 2B. The relative density of phosphorylation is presented in figure 
2C. Next, we determined the relative contribution of PP2A, compared to other 
phosphatases, by using BaF3 cells treated with Okadaic Acid (OA), which is a commonly 
used PP2A inhibitor (35, 40). Figure 2D shows OA treatment to be linked with increased 
FcαRI phosphorylation. These data suggest involvement of PP2A, rather than other 
phosphatases, in regulation of FcαRI tail phosphorylation.  
 
Phosphorylation of intracellular Serine 263 correlates with FcαRI receptor activity 
Next, we assessed whether cytokine-induced FcαRI activation was correlated with 
dephosphorylation of Serine 263, the amino acid critically involved in receptor activation as 
previously shown (12). Given that the cytosolic tail of FcαRI contains five Serines and 
three Threonines, we first determined the contribution of Serine 263 in total 
phosphorylation levels. For this purpose we compared the GST-FcαRI-tail and the GST-
FcαRI-S263A mutant, in an in vitro kinase assay, in terms of phosphorylation (Fig. 2E). 
Phosphorylation levels of the intracellular domain of the GST-FcαRI-S263A mutant (GST-
S263A) was significantly reduced (50%) compared to FcαRI Wt (GST-S263) (Fig. 2F), 
indicating that Serine 263 could be phosphorylated. To monitor the phosphorylation level 
of FcαRI S263 with cytokine-induced FcαRI activation we generated a phospho-specific 
antibody recognizing phoshorylated Serine 263 (pS263) within the tail of FcαRI and an 
antibody recognizing non-phosphorylated Serine 263 (S263). We tested these antibodies in 
the BaF3-FcαRI transfected cell lines and in primary eosinophils, known for their cytokine 
induced FcαRI activation upon IL-3 or IL-5 stimulation, respectively (12, 20). Specificity 
of both antibodies was assessed by BaF3 cells stably transfected with FcαRI-Wildtype, 
FcαRI-S263A active mutant, FcαRI-S263D inactive mutant or untransfected cells. 
Immunoprecipitation of FcαRI from the different cell lines showed recognition of the 
FcαRI-Wt cell line and FcαRI-S263D cells with the FcαRI-pS263 antibody on Western 
blot, whereas the FcαRI-S263A cell line and untransfected cells were negative. The FcαRI-
S263 antibody only recognized the FcαRI-Wt cell line (Fig. 3A). FcαRI expression of all 
cell lines is shown in figure 3B. The same result was obtained by staining the different 
FcαRI cell lines with both antibodies in an intracellular FACS staining (Fig. 3C and D), 
indicating specificity of the FcαRI-pS263 antibody for phosphorylated FcαRI Serine 263 
and the FcαRI-S263 antibody recognizing FcαRI-Wt. Correlation between FcαRI S263 
phosphorylation level and FcαRI functionality was shown by intracellular FACS staining 
of cytokine stimulated- or cytokine starved cells with the FcαRI-pS263 antibody (Fig. 3E) 
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and starved cells restimulated with IL-3 for 15 min at 37C (Fig. 3F) i.e. non-stimulated 
cells exhibited a modestly higher FcαRI-S263 phosphorylation. 
 

 
 
Figure 2. PP2A dephosphorylates FcαRI intracellular tail. A) Beads binding GST-Wt-FcαRI intracellular tail 
fusion proteins (GST-FcαRI-tail) or GST alone (GST) were used in an in vitro phosphatase assay with cytokine 
starved BaF3 lysates. After phoshorylation of GST recombinant proteins, samples were incubated with (+) or 
without (-) recombinant active PP2A. Phosphorylation was detected by autoradiography (upper panel). Coomassie 
staining was used to verify equal loading of GST-recombinant proteins (lower panel) (n=5). B) As described under 
(A), additionally recombinant PP1C was included to determine specificity of PP2A dephosphorylation of GST-Wt-
FcαRI recombinant protein (n=3). C) Quantification of phosphorylation levels, depicted as % relative density 
measured by the Phospho-Imager STORM 280 and Image Quant software. Phosphorylation of non-treated 
samples was set at 100%. Bars indicate SEM. D) In vitro kinase assay as described in material & methods. BaF3 
cells were treated with OA, as indicated. Phosphorylation was detected by autoradiography (upper panel). 
Coomassie staining served to verify equal loading of GST-recombinant proteins (lower panel) (n=4). E) Beads 
binding GST-FcαRI intracellular tail fusion proteins of FcαRI-Wt (GST-FcαRI-tail), FcαRI-S263A (GST-FcαRI-
S263A) and GST alone (GST) were used in an in vitro kinase assay with cytokine starved BaF3 cell lysates. 
Phosphorylation was detected by autoradiography. Coomassie staining was used to verify equal loading of GST-
recombinant proteins. Results of quantification of phosphorylation levels, depicted as % relative density measured 
by a Phospho-Imager STORM 280 and Image Quant software (Fig. 2F, n=4). GST-FcαRI-Wt represented by 
(S263), GST-FcαRI-S263A by (S263A) and GST only by (-). Bars indicate mean±SEM 
 
Also freshly isolated eosinophils showed higher levels of S263 phosphorylation compared 
to IL-5 stimulated eosinophils stained with the FcαRI-pS263 antibody (Fig. 3G). 
Involvement of PP2A in this process was supported by increased S263 phosphorylation of 
BaF3-FcαRI Wt cells upon OA treatment (Fig. 3H). OA did not affect FcαRI expression 

 56



FcαRI priming involves PP2A 

levels (data not shown, n=3). Expression of FcαRI-S263 was not altered by cytokine 
stimulation, as determined with α-FcαRI A59 antibody (data not shown, n=1). Moreover 
dephosphorylation of Serine 263 due to cytokine stimulation was shown by the FcαRI-
S263 antibody recognizing FcαRI-Wt (Fig. 3I). Lower staining levels with this antibody in 
non-stimulated cells maybe attributed to hindrance by phosphorylation of Serine 263. In 
conclusion, unstimulated cells expressing inactive FcαRI correlated with phosphorylated 
Serine 263 in the intracellular domain of the receptor. In contrast, cytokine stimulated 
FcαRI expressing cells, capable of binding IgA immune complexes, showed reduced Serine 
263 phosphorylation. Enhanced S263 phosphorylation by OA treatment implicated PP2A 
involvement. 
 
PP2A inhibitors reduce FcαRI ligand binding capacity but not internalization 
Based on FcαRI mutants and based on our FcαRI-phospho-S263 antibody data, FcαRI 
dephosphorylation was linked to an active receptor, capable of binding IgA-complexes, and 
PP2A was found to affect receptor phosphorylation. We assessed the role of PP2A on 
cytokine induced FcαRI ligand binding capacity. First, upon IL-3 stimulation of BaF3-
FcαRI-Wt, FcαRI ligand binding capacity was increased (Fig. 4A), similarly as described 
by (12). We tested the role of PP2A during this process by monitoring PP2A activity by 
measuring release of free phosphate before and during IL-3 stimulation. We showed 
increased phosphatase activity upon IL-3 stimulation (Fig. 4B), suggesting a regulatory 
mechanism for FcαRI dephosphorylation by PP2A. To further evaluate the role of PP2A on 
inside-out signaling, we determined the effect of OA on FcαRI ligand binding wherein 
IgA-coated plates served as ligand for FcαRI. Treatment of cells with increasing OA 
concentrations in the presence of IL-3 reduced FcαRI ligand binding (Fig. 4C).  
Parallel experiments with two other inhibitors of PP2A (catharidin and fostriecin), and a 
PP2B inhibitor (ascomycin) documented dominance of PP2A in controlling the Fcα 
receptor, since all PP2A inhibitors reduced FcαRI ligand binding capacity, and the PP2B 
inhibitor did not (Fig. 4D). Similar to ligand binding, FcαRI internalization has been 
documented to be an FcR γ-chain independent process (14). To test whether PP2A 
exclusively acted on inside-out signaling, we analysed receptor internalization by cross-
linking the Fcα-receptor, with antibodies binding outside the FcαRI ligand binding domain. 
Inhibition of PP2A by OA did not affect receptor internalization in BaF3-FcαRI transfected 
cells (Fig. 4E). These data implicate a role for PP2A in regulation of ligand binding, rather 
than receptor internalization. 
 
PP2A inactivation diminishes FcαRI ligand binding 
To further assess whether reduced FcαRI ligand binding capacity was a specific effect of 
PP2A, we made use of HA-tagged PP2A catalytic inactive mutants, CH59Q and CH118Q 
(32). By mutating two histidines in the catalytic subunit crucial for PP2A activity, the PP2A 
enzyme remains intact but functionally inactive. Co-transfection of PP2A C-subunit 
mutants in BaF3-FcαRI transfected cells, inhibited binding of IgA-complexes to FcαRI in 
contrast to overexpression of PP2A C-subunitWt (Fig. 4F). Intracellular FACS staining was 
used to detect the different PP2A constructs (Fig. 4G). 
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Figure 3. Phosphorylation of FcαRI-Serine263 correlates with receptor activity. A-F, H and I) Cell lines used; 
BaF3 FcαR-Wt (BaF3-FcαRI Wt); transfected with cDNA of full length wildtype FcαRI, FcαRI-S263A (FcαRI-
S263A); with FcαRI intracellular Serine 263 to an alanine mutation and FcαRI-S263D (FcαRI-S263D); with 
FcαRI intracellular Serine 263 to an aspartic acid mutated cDNA or untransfected cells (untr). A) 
Immunoprecipitation via anti-FcαRI mAb of indicated BaF3 transfected cell lines, lysed in RIPA buffer, and 
stained with anti-FcαRI phosho-Serine 263 antibody (α-FcαRI-pS263, upper panel or with anti-FcαRI Serine 263 
antibody (α-FcαRI-S263, middle panel), light chain served as loading control (lower panel). B) FcαRI expression 
levels of transfected BaF3 cells. C+D) Indicated BaF3 transfected cells, cytokine starved overnight, stained with 
anti-FcαRI-pS263 antibody (C) or non-starved cells stained with anti-FcαRI-S263 antibody (D) E+F) BaF3 cells 
were starved overnight in low sera (starv) or in low sera containing mIL-3 (IL-3) or starved cells were restimulated 
with mIL-3 for 15 min (+IL-3 15 min) and stained with α-FcαRI-pS263. G) Eosinophils were stimulated with IL-
5 for 15 min and stained with α-FcαRI-pS263. H) S263 phosphorylation of BaF3-FcαRI Wt cells upon OA 
treatment in the presence of IL-3. I) BaF3 cells were starved overnight in low sera or in low sera containing mIL-3 
(IL-3) and stained with the α-FcαRI-S263 antibody. Data are representative for at least two independent 
experiments, yielding similar results. 
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Figure 4. PP2A inhibition reduces FcαRI ligand binding but not receptor internalization A) IgA-coated 
plates served as ligand for FcαRI-transfected BaF3 cells in ligand binding assays, described under “experimental 
procedures”. Ligand binding capacity (Y-axis) was plotted as retained fluorescence as a percentage of input. 
FcαRI transfected cells ligand binding capacity was determined upon starvation from IL-3 (-), and subsequent 
incubation with recombinant lL-3 (+IL-3). B) PP2A activity was determined by measuring free phosphate upon 
dephosphorylation of the phospho-peptide used, as described in "Experimental procedures" of BaF3 cells 
expressing FcαRI-Wt, starved overnight in low sera (-) or in low sera containing mIL-3 (IL-3) and, if indicated, 
upon OA treatment. ISO served as a negative control, described in “Experimental procedures” (n=3). PP2A 
activity plotted as fold induction compared to starved cells. Bars indicate mean±SEM. C) Ligand binding capacity 
of FcαRI transfected cells was assessed as described for (A); after incubation with different concentrations of the 
PP2A inhibitor OA (OA 10-9,10-8, 10-7, 10-6M) in the presence of IL-3. D) Upon incubation with PP2A inhibitors 
OA (10-6M), Catharidin (Cat,10-6M), Fostriecin (Fos, 10-6M) and the PP2B inhibitor Ascomycin (Acs, 10-7M) 
(grey) compared to non-treated cells (black bar). Graph represents % ligand binding capacity compared to non-
treated cells (set at 100%). All experiments were performed at least three times. Bars indicate mean±SD. E) FcαRI 
internalization on BaF3-FcαRI transfected cells was assessed upon FcαRI cross-linking. FcαRI internalization in 
37ºC samples was calculated as percentage of total FcαRI expression measured at 4ºC (set at 100%, white bar). 
The effect of PP2A inhibition on internalization was assessed by incubation with OA prior to cross-linking and 
during incubation with cross-linking antibody (black bar). Bars indicate SEM. (n=5). BaF3 FcαRI cells were 
transfected with HA-tagged PP2A constructs. After 48h hours, cells were evaluated in ligand binding assays. F) 
Ligand binding capacity of BaF3-FcαRI, transfected with PP2A C-subunit Wt (black bar), C-subunit H59Q 
mutant (dark grey bar) or C-subunit H118Q mutant (light grey bar). Bars indicate mean±SD. (n=3). G) Expression 
of HA-tagged PP2A constructs. Black peak represents untransfected cells, cells transfected with; C-subunit Wt, 
represented by thick black line, H59Q mutant represented by thin black line and H118Q mutant is represented by 
broken line.  
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Inhibition of PP2A abrogates FcαRI ligand binding in primary cells 
Cytokine-induced inside-out signaling has been documented in eosinophils upon IL-5 
stimulation. To study the effect of PP2A inhibition in primary cells, we isolated eosinophils 
but also monocytes from human blood and incubated cells with OA prior the stimulation 
with IL-5, or GM-CSF, respectively. As shown in figure 5A and B, cytokine-induced 
FcαRI ligand binding on both cell types was decreased by OA, supporting a role for PP2A. 
OA or GM-CSF treatment did not affect FcαRI expression levels (data not shown, n=3). 
IgG binding capacity of monocytes was not affected in the presence of OA, in agreement 
with Edberg et al. (41) (Fig. 5C). 
 

 
 
Figure 5. PP2A inhibition induces decreased FcαRI ligand binding in eosinophils and monocytes 
Eosinophils, and monocytes were isolated from human blood and ligand binding was assessed by the use of Ig-
coated beads. More than two beads binding to a cell were scored positive. A) IgA ligand binding. White bar 
represents unstimulated eosinophils, and black bar eosinophils stimulated with IL-5. Eosinophils were incubated 
with various concentrations of OA (grey bars), prior to IL-5 stimulation. The experiment was repeated three times, 
yielding similar results. B) As described for A) but with monocytes and GM-CSF as stimulus. Experiment was 
repeated thrice, yielding essential identical results. C) Effect of OA on binding of IgG coated beads by monocytes. 
Unstimulated monocytes (white bar) were compared to GM-CSF-stimulated monocytes in absence (black bar) or 
presence of 10-6 M OA (grey bar) (n=2). 
 
 
Inhibition of PP2A activity reduces FcαRI mediated phagocytosis 
FcαRI mediated immunity against invasive bacterial infections has been described for 
Kupffer cells in human FcαRI transgenic mice treated with G-CSF (42) and for monocytes 
in patients with septic shock by gram-negative bacteria (43). Inside-out signaling represents 
a mechanism of cells to rapidly respond in a controlled manner to environmental bacterial 
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infection. To study the importance of PP2A regulated inside-out control for FcαRI 
mediated immunity, we assessed phagocytosis of IgA1 opsonized Neisseria meningitidis by 
GM-CSF stimulated human monocytes (38). Increasing concentrations of IgA1 were used 
to opsonize FITC-labelled bacteria. Monocytes incubated with OA (grey bars) were less 
capable of IgA1 binding (Fig. 6A) and IgA1-mediated phagocytosis of N.meningitidis (Fig. 
6B) compared to non-treated monocytes (black bars). IgG1-mediated binding (Fig. 6C) and 
phagocytosis (Fig. 6D) were barely changed upon OA treatment. PP2A can thus have an 
impact on immunity to bacterial infections by regulation of FcαRI ligand binding. 
 

 
 
 
Figure 6. Inhibition of PP2A affects IgA mediated phagocytosis Neisseria meningitidis. GM-CSF-stimulated 
human monocytes were incubated with 10-6 M Okadaic acid (grey bars) prior to incubation with FITC-labelled N. 
meningitidis (mg/ml) sensitized with different concentrations of IgA1 or IgG1 (black bars). Monocytes were split 
into two aliquots and incubated either at 4ºC, or 37ºC. Upon incubation at 37ºC, surface bound bacteria were 
detected. Phagocytosis was calculated as decrease of double positive monocytes (in % of total) incubated at 37ºC, 
compared to 4ºC. This experiment was repeated four times, yielding similar results. 
 
 
DISCUSSION 
 
Signal transduction by multi-subunit Fc receptors is considered to be dominated by ITAM-
containing subunits (44). The first step in Fc receptor activation, however, is the capacity of 
FcαRI α-chain to bind ligand by inside-out signals (12). Here, we document that cytokine-
induced FcαRI activation is accompanied by dephosphorylation of the FcαRI intracellular 
Serine 263 studied with two newly generated antibodies. In addition, we found the 
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Serine/Threonine protein phosphatase 2A (PP2A) to interact with the FcαRI α-chain 
intracellular domain, and to play a critical role in regulating FcαRI ligand binding.  
Our yeast two-hybrid and co-immunoprecipitation data showed an interaction between 
wild-type FcαRI and PP2A regulatory or A-subunit, independently of the FcR γ-chain. 
Furthermore in yeast, PP2A A-subunit also interacted with the FcαRI-S263D mutant but 
not with the FcαRI-S263A mutant, suggesting the interaction to be phosphorylation 
dependent, which correlates with binding to an inactive receptor. Possibly this mutation 
may have caused a conformational change that affects the recruitment of PP2A. In addition, 
PP2A seems to be rather specific for FcαRI, since other Fc receptors, with the exception of 
FcγRIIa, did not associate with PP2A A-subunit. The functional relevance of this 
interaction found between PP2A and FcγRIIa in yeast remains to be elucidated. The 
presence of a large variety of different holoenzymes of PP2A accounts for the promiscuity 

of PP2A in its interaction with other proteins and several different binding motifs have been 
described for PP2A (45, 46). The KFRHGL amino acid sequence has been described for 
chemokine receptor 2 as a binding motif for the A-subunit of PP2A (47). This motif has no 
clear homology with the intracellular tail of FcαRI. 
PP2A can dephosphorylate the FcαRI-intracellular tail, as shown in an in vitro phosphatase 
assay, whereas PP1 could not. Moreover, increased FcαRI tail phosphorylation was shown 
by treatment with the PP2A inhibitor okadaic acid (OA). In detail, FcαRI Serine 263, 
involved in switching the receptor to an active formation, contributed significantly to 
FcαRI phosphorylation. By use of the new phosphorylation specific FcαRI-Serine 263 
antibody, we could correlate cytokine-induced receptor activation with dephosphorylation 
of FcαRI Serine 263 in IL-3 dependent murine BaF3-FcαRI cells and primary human 
eosinophils. PP2A involvement was shown by OA treatment resulting in high 
phosphorylation levels of FcαRI Serine 263. In addition, we showed increased 
dephosphorylation activity of PP2A upon IL-3 stimulation. 
On a functional level, cytokine-induced inside-out activation of FcαRI has been first 
described for BaF3 cells expressing FcαRI and human eosinophils by (18), and cytokine-
induced IgA binding on human neutrophils had been observed by (48). PP2A inhibition in 
BaF3-FcαRI cells resulted in decreased FcαRI ligand binding capacity, whereas FcαRI 
internalization was unaffected. This suggested a dominant role of PP2A in ligand binding, 
rather than other FcR γ-chain independent processes. Also, on IL-5 stimulated eosinophils 
inhibition of PP2A leads to a decreased capability of FcαRI to bind IgA-complexes. Next, 
we showed GM-CSF induced ligand binding to FcαRI, regulated by PP2A on primary 
monocytes. Notably, PP2A inhibition resulted in even less binding of IgA-immune 
complexes compared to in vitro unstimulated monocytes. These findings may indicate 
isolated monocytes to be already activated, an observation supported by other studies (49-
53). Although IgA has long been considered a “non-inflammatory” antibody, as it protects 
in its secretory form the mucosal wall of the gut from bacterial adherence, serum IgA can 
initiate potent activatory responses, such as in vitro and in vivo phagocytosis upon FcαRI 
engagement (7, 42). Treatment of monocytes with a PP2A inhibitor abrogated phagocytosis 
of IgA1 opsonized Neisseria meningitidis due to decreased binding of the IgA1 opsonized 
bacteria. Importantly, PP2A appeared specific for FcαRI mediated ligand binding by 
monocytes, since phagocytosis of IgG1-opsonized bacteria was not hampered by OA 
treatment. Collectively, this implicates PP2A to be a novel mediator in cytokine-induced 
FcαRI inside-out signaling.  
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Little is known regarding the intracellular signals that mediate the communication between 
activated cytokine receptors and inside-out control of FcαRI. Though, PI3K was 
demonstrated to be responsible for a switch to a “high functionality” state of FcαRI, and 
PKC was shown to be a part of this activation pathway downstream of PI3K (25). 
Furthermore, inside-out control of FcαRI has been shown to be independent of FcR γ-chain 
association, and a Serine 263 within the tail of FcαRI was shown critical for switching the 
receptor to a high functionality state (12, 25). This evoked the hypothesis that 
dephosphorylation of Serine 263 by a Serine/Threonine phosphatase represents an 
important step in receptor activation leading to a fully functional receptor.  
Inside-out signaling is a well known regulatory process for integrins (21). Although limited 
sequence homology exists between integrins and FcαRI, there are important similarities: 1) 
the importance of the intracellular domain for modulation of receptor affinity, 2) mutation 
of a single Serine within the C-terminal domain disrupts inside-out signaling, 3) level of 
phosphorylation of the intracellular domain is linked to receptor activation status, 4) the 
involvement of intracellular proteins such as PI3K, and 5) the involvement of the 
cytoskeleton (12, 54-58). Finally, involvement of PP2A in integrin signaling has been 
described in several studies e.g. IL-2 induced adhesion to endothelia via β2 integrins and 
EGF induced cell-cell adhesion mediated by β1 integrins, in human CD4 T cell lines 
declined upon PP2A inhibition (59, 60). Furthermore, PP2A association with β1 integrins 
controlled β1 phosphorylation and subsequently cell migration (61, 62). Here, we document 
a similar role of PP2A in FcαRI functioning. 
PP2A has traditionally been described as an enzyme that is constitutively active, and 
terminates signals by removal of phosphate groups from kinase-phosphorylated proteins. 
However, PP2A can be turned “on” and “off” by subunit phosphorylation and carboxyl 
methylation in addition to binding of the various regulatory subunits (63), for example 
tyrosine kinases, such as Src-related kinase p56Lck, insulin receptor and the EGF receptor 
can phosphorylate tyrosine 307 in the catalytic subunit of PP2A, leading to inactivation 
(63-65). Furthermore, PP2A modulation has been described upon cytokine stimulation; e.g. 
IL-3 stimulation transiently increased association of PP2A to Janus kinase 2 (Jak2) and 
subsequently induced phosphorylation of PP2A (66), IL-3 induced PP2A association to 
anti-apoptotic protein Bcl-2 resulting in dephosphorylation of Bcl-2 (67) and EGF induced 
PP2A dephosphorylation of Raf1 kinase (68). Since PP2A does not bind the FcαRI-S263A 
mutant, representing the active receptor, and PP2A activity increased upon IL-3 
stimulation, we suggest PP2A to become more active upon cytokine stimulation, resulting 
in FcαRI dephosphorylation and consequently dissociation of PP2A from the receptor. In 
this way PP2A may regulate cytokine-induced FcαRI activation (Fig. 7). 
 
In summary, this report describes for the first time a molecule that associates with the 
intracellular tail of the IgA receptor and correlates FcαRI phosphorylation levels of 
intracellular Serine 263 with receptor activity. It documents the impact of PP2A, a 
Serine/Threonine phosphatase, on the IgA receptor tail phosphorylation and the resulting 
functional consequences of this interaction for FcαRI mediated innate immunity. 
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Figure 7. Schematic representation of the role of PP2A in FcαRI inside-out signalling. The intracellular 
domain of inactive FcαRI is phosphorylated (P) by kinases. PP2A associates with inactive FcαRI and, upon 
cytokine stimulation, PP2A becomes activated, dephosphorylates the intracellular tail and dissociates leading to an 
active Fcα receptor, capable of binding IgA-immune complexes. For simplicity, only one IgA is drawn by the 
typical T-shape binding two FcαRI, representing an immune-complex. For PP2A, A represents the regulatory-, C 
the catalytic- and B the variable-subunit of PP2A, IgA is represented and represents an immune complex. 
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ABSTRACT 
 
Ligand binding to the IgA receptor (FcαRI/CD89) is rapidly modulated by cytokine-
induced inside-out signaling. A critical serine residue (Ser263) is instrumental in this 
process, which requires activation of PI3Kinase (PI3K).  
To further investigate these cytokine-induced signal transduction pathways, we inhibited 
downstream targets of PI3K. Utilization of pharmacological inhibitors showed that PI3K 
exerted its role in FcαRI modulation through activation of PKCζ. Co-expression of wild 
type and kinase dead forms of PKCζ supported this finding. One of the downstream targets 
of PKCζ is the multifunctional kinase: glycogen synthase kinase-3 (GSK-3). Inhibition of 
GSK-3, which is constitutively active in resting cells, resulted in FcαRI activation. This 
activation was associated with and increased lateral mobility of the receptor as 
demonstrated by utilizing fluorescence recovery after photobleaching (FRAP). These 
findings suggest that stimulation with cytokines regulates the avidity rather than affinity of 
the receptor. 
We propose a model in which GSK-3 keeps FcαRI in an inactive conformation. 
Stimulation by cytokines leads via an inside-out mechanism to phosphorylation and 
inactivation of this kinase through a PI3K-PKCζ dependent pathway. This results in the 
regulation of the avidity of FcαRI. This tightly regulated process of inside-out signalling, 
allows leukocytes to respond rapidly and efficiently to their environment. 
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INTRODUCTION 
 
Transmembrane receptors specific for the Fc-portion of immunoglobulins, Fc-receptors 
(FcRs), play an important role in leukocyte activation by the recognition and binding of 
opsonized targets during inflammatory processes (1). Specific FcRs exist for all 5 classes of 
human immunoglobulins. The best studied FcRs are the leukocyte receptors for IgG and 
IgE. Relatively little is known about the receptors for IgA including FcαRI (CD89) (2). 
FcαRI has been described to be expressed on many cell types, including 
monocytes/macrophages, neutrophils, and eosinophils (3).  
We have previously demonstrated that activation of FcαRI and FcγRII on primary human 
eosinophils is regulated by Th2-derived cytokines, such as interleukin (IL)-4 and IL-5 (4, 
5). Stimulation by these cytokines leads to an increase in immunoglobulin binding, without 
changing the levels of receptor expression, which suggests that stimulation with cytokines 
regulates either the affinity or avidity of FcR or both (4-6). Signaling through 
phosphatidylinositol 3-kinase (PI3K) is critical for this cytokine-induced FcαR activation 
(7). Furthermore, we showed, by expressing various receptor mutants in a murine pre-B 
(Ba/F3) model system, that a single C-terminal serine residue (Ser263) in the intracellular 
tail of the FcαR is critical for this PI3K-mediated regulation independently of its 
association with the FcRγ chain (8). 
Upon activation of PI3K at the membrane, downstream targets can be recruited to the 
membrane and activated by phosphorylation. As a result PI(3,4,5)P3-dependent kinases 
(PDKs) are recruited to the membrane and phosphorylate PI3K effectors such as Protein 
Kinase B (PKB)/Akt (9), p70S6 Kinase (p70S6K) (10) and Protein Kinase C (PKC)-
isoforms including the atypical PKCζ (11-13). 
In this study we further investigated the mechanism by which FcαRI activation is regulated 
by cytokines, using a murine pre-B (Ba/F3) model system (8, 14). As PI3K is critical for 
cytokine induced FcαRI activation, we focused on downstream signaling pathways 
downstream of PI3K. We show that PI3K exerts its role in FcαRI modulation through 
activation of PKCζ and the subsequent inhibition of GSK-3. Finally, we show that the 
lateral mobility of FcαRI is influenced by cytokine stimulation. This process of cytokine 
induced inside-out signaling is similar to that observed in the regulation of the integrin 
family of cell surface adhesion receptors (15). In this way leukocytes are able to respond 
quickly and efficiently to their always changing environment. 
 
 
EXPERIMENTAL PROCEDURES 
 
Reagents and antibodies 
Purified human serum IgA (>20 mg/ml) was obtained from Cappel (Malvern, PA). It 
contained no detectable trace of IgG, IgM, or non-immunoglobulin serum proteins. 
Recombinant mouse IL-3 was produced in COS cells (16). Pharmacological inhibitors 
LY294002 and SB216763 were purchased from BioMol (Plymouth Meeting, PA). The 
PKB inhibitor 1L-6-Hydroxymethyl-chiro-inositol 2-(R)-2-O-methyl-3-O-
octadecylcarbonate was obtained from Calbiochem (San Diego, CA). The PKCζ pseudo-
substrate was purchased from Biosource (Camarillo, CA). PI-3 kinase construct p110-
K227E was a kind gift of Dr. J. Downward (ICRF, London, UK). G418 and hygromycin B 
were purchased from Boehringer Mannheim (Germany). 
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Cell lines and generation of stable transfectants 
Ba/F3 cells were cultured at a cell density of 105 to 106 cells/ml in RPMI 1640 
supplemented with 8% Hyclone serum (Gibco, Rockville, MD) and recombinant mouse IL-
3. The FcαRI(wt) and mutant cell lines have been generated as described before (7) and 
were cultured in the presence of 500 μg/ml hygromycin B. For the generation of polyclonal 
transfectants, pMT2 containing GSK-3 wt, GSK-3 S>A, PKCζ WT or PKCζ Kinase Dead 
were electroporated into Ba/F3 cells (0.28V; capacitance 960 μFD) together with LXSN-
neo. Stable cell lines were grown continuously on mIL3, G418 and hygromycin B. 
 
FcαRI-YFP fusion constructs 
Human FcαRI(wt) (8) and pYFP-C1 (Clontech, Mountain View, CA) were used as a 
template and restriction sites were added via PCR with the following primers: FcαRI(wt) 
(Fwt: TCCCCCGGGGGAGGCACAGATCTTGGAAGG and Rwt: 
TAAAGCGGCCGCACTTGCAGACACTTGGTGT), FcαRI(S263A) (Fwt and Rsa: 
TAAAGCGGCCGCACTTGCAGACAGCTGGTGT), FcαRI(S263D) (Fwt and Rsd: 
TAAAGCGGCCGCACTTGCAGACATCTGGTGT) and YFP (Fyfp: 
ATAAGAATGCGGCCGCATGGTGAGCAAGGGCGAG and Ryfp: 
TGCTCTAGATTATCCGGACTTGTACAGCTC). FcαRI(wt) and FcαRI-mutants were 
ligated in the pEGFP-N1 vector (Clontech Mountain View, CA) by means of the restriction 
sites SmaI, NotI and XbaI, thereby deleting the internal eGFP. All constructs were verified 
by sequencing. For the generation of polyclonal transfectants, pEGFP-N1 containing 
FcαRI(wt)-YFP, FcαRI(S263A)-YFP or FcαRI(S263D)-YFP were electroporated into 
Ba/F3 cells (0.28V; capacitance 960 μFD) together with pSG5-CMV-Hygro. Stable cell 
lines were grown continuously on mIL3 and hygromycin B. 
 
IgA-binding assays 
The IgA-binding assays were performed with cytokine-starved Ba/F3 cells. For IL-3 
starvation, Ba/F3 cells were washed twice with phosphate-buffered saline (PBS) and left in 
IL-3 free medium (RPMI 1640, containing 0.5% serum) for 4 hours. Prior to performing a 
binding assay, Ba/F3 cells were washed with Ca2+-free incubation buffer containing 0.5 
mM EGTA and brought to a concentration of 8 x 106 cells/ml. A 50 μl cell suspension (0.4 
x 106) cells were pre-incubated at 37°C with or without IL-3 for 15 minutes. After 
stimulation of the cells, Dynabeads coated with serum IgA (10 mg/ml) as described 
previously (5) were added in a ratio of 3.5 beads/cell. After briefly mixing, cells and beads 
were pelleted for 15 seconds at 100 rpm and incubated for 30 minutes at 37°C. 
Subsequently, cells were resuspended vigorously and IgA binding was evaluated under a 
microscope. Cells that had bound 2 beads or more were defined as rosettes. Cells were 
scored and the number of beads that were bound to 100 cells was counted and designated as 
the rosette index. As described previously, the rosetting method was specific because there 
is no appreciable background binding of cells to beads coated with ovalbumin (14, 17). 
 
Inhibition of IgA binding with pharmacological inhibitors or peptides 
For inhibition studies, cytokine-starved cells were pre-incubated with specific inhibitors 
prior to incubation with IL-3. Cells were incubated with PI-3K inhibitor LY294002 for 15 
min. at a final concentration of 1 μM. The GSK-3-inhibitor SB-216763 was incubated for 
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15 min. with the indicated concentrations. The PKCζ pseudo-substrate was used at 
concentrations as indicated for 10 min. prior to cytokine stimulation. 
 
GSK-3 phosphorylation 
Ba/F3 cells were washed twice with phosphate-buffered saline and left in IL-3-depleted 
medium (RPMI 1640 with 0.5% serum) for 4 hours. To investigate the effect of the PKCζ 
pseudo-substrate on GSK-3 phosphorylation after IL-3 stimulation, cells were stimulated 
for 20 min. at 37°C with IL-3 with or without pre-incubation for 10 min. with the PKCζ 
pseudosubstrate (10 μM) or the PI-3K inhibitor LY294002 (1 μM). For detection of 
phosphorylation of GSK-3, Ba/F3 cells (2 x 106 per condition) were washed twice in ice-
cold phosphate-buffered saline after stimulation and lyzed in lysis buffer (1% Triton-X100, 
50 mM Tris-HCl, pH 8.0, 100 mM NaCl) with protease/phosphatase inhibitor (1 µg/ml 
leupeptin, 1 mM PMSF, 10 µg/ml aprotinin, 1 mM sodiumorthovanadate and 0.5 mM 
benzamidine). Subsequently, 5x Laemmli sample buffer was added and the lysates were 
boiled for 5 min. Total cell lysates were analyzed on 12% SDS-polyacrylamide gels. 
Proteins were transferred to Immobilon-P and incubated with blocking buffer (Tris-
buffered saline/Tween20 supplemented with 1 mM EDTA and 5% bovine serum albumin) 
containing phospho-GSK-3 (Ser 9/21, Cell Signaling Technology Inc., Danvers, MA) or 
total-GSK-3 (Upstate, Lake Placid, NY) antisera. Detection was with enhanced 
chemiluminescence (ECL, Amersham, UK). 
 
In vitro kinase assay 
In vitro phosphorylation of GST-FcαRI intracellular domain fusion proteins was performed 
as described in (8). Alternatively, active recombinant GSK-3β (ITK diagnostics BV, 
Moutain view, CA) was used instead of cell lysates as kinase source. Briefly, 10 μg of 
GSK-3 was incubated with GST-FcαRI intracellular domain fusion proteins or GST 
proteins alone, in kinase buffer (25 mM Tris-HCl pH 7.5, 25 mM MgCl2, 50 μM rATP, 3 
μCi γ32P-ATP), and incubated for 30 minutes at RT. Samples were washed before addition 
of 5× Laemmli sample buffer and analyzed by electrophoresis on 15% sodium dodecyl 
sulfate-polyacrylamide gels. Substrate phosphorylation was detected by autoradiography.  
 
Confocal microscopy and Fluorescence Recovery after Photobleaching (FRAP) 
Cell imaging and FRAP studies were performed on a Zeiss LSM510 Meta confocal 
microscope (Carl Zeiss, Jena, Germany) equipped with a 488 nm laser line of a 200 mW 
Argon/ML laser with tube current set at 6.1 A. All images and FRAP results were obtained 
with a 100x/1.3 NA oil immersion lens and filters that pass emission light between 505 and 
530 nm.  Cells were imaged in culture medium without phenol red at 37°C. 
For FRAP lateral mobility studies, Ba/F3_FcαRI-YFP, Ba/F3_FcαRI(S263A)-YFP and 
Ba/F3_FcαRI(S263D)-YFP cells were cytokine starved for 4 hours and attached to poly-L-
lysine coated chamber slides. Subsequently, cells were stimulated with or without IL-3 for 
15 min. at 37°C. Lateral mobility of different FcαRI constructs was studied by strip-FRAP 
as described (18, 19). In brief,  a narrow strip (~0,75µm) spanning the width of the 
membrane (Figure 5A) was monitored every 0,1 sec for 60 sec with 0.5% laser power of 
the 488 nm laser line, an intensity at which no significant monitor bleaching was observed. 
After 4 seconds the strip was bleached for 0.2 sec at maximum laser power. Mean 
fluorescence intensity of all cells was calculated and plotted, correcting for differences in 
cell fluorescence by setting the fluorescence before bleaching to 1. Fluorescence intensity 
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in the strip was expressed relative to the fluorescence intensity before bleaching. The 
average of at least 30 cells was plotted. 
 
Statistical analysis 
Results were expressed as means ± SD. Statistical analysis was performed with paired 
Students t-tests. P-values < 0.05 were considered as statistically significant. 
 
 
RESULTS 
 
PKCζ is involved in IL-3 induced FcαRI activation 
We have previously shown that ligand binding to FcRs on human eosinophils is modulated 
by cytokine-induced activation of PI3K (14). We have also shown that a single C-terminal 
serine (S263) is important in this regulation of FcαRI (8). To further investigate which 
pathways downstream of PI3K could be involved in the IL-3-induced FcαRI activation, we 
inhibited p70 S6 Kinase (p70S6K), PKB and PKC isoforms, known targets of PI3K, with 
pharmacological inhibitors. As shown in Figure 1A, cells expressing FcαRIwt did not bind 
IgA beads when IL-3 had been removed for 4 hours. In contrast, addition of IL-3 to these 
cells results in a high level of IgA binding. Treatment with either a PKB inhibitor or 
rapamycin, which inhibits p70S6K activation, did not affect IgA binding (7, and data not 
shown). Interestingly, treatment with either GF109203X or Ro-31-8220, both PKC 
inhibitors, resulted in a decrease in IgA binding to IL-3 stimulated cells (Figure 1A and 
previously described 7).  
Subsequently, we investigated whether the atypical PKC isoform, PKCζ, which is Ca2+- and 
diacylglycerol- (DAG) independent, could be responsible for the inhibition by the general 
PKC-inhibitors. This atypical PKCζ was the most likely candidate to study, because IgA-
binding to FcαRI is Ca2+- and DAG-independent (results not shown). A pseudo-substrate 
specific for PKCζ inhibited IL-3-induced IgA binding in a dose-dependent manner (Figure 
1B). Furthermore, stable co-expression of a kinase-dead PKCζ resulted in a partial 
inhibition of IL-3 mediated IgA-binding, whereas overexpression of the wild type PKCζ 
significantly increased the IgA-binding (Figure 1C). The PKCζ pseudo-substrate also 
blocked the IgA binding to Ba/F3_FcαRI cells in which we overexpressed p110K227E, a 
catalytic subunit mutant, that acts as a constitutively active form of PI3K (20) (Figure 1D). 
This suggests that activation of PKCζ downstream of PI3K is necessary for FcαRI 
activation. Finally, the IgA-binding to the constitutive active FcαRI(S263A) was not 
affected by the PKCζ pseudo-substrate, suggesting that the PKCζ pseudo-substrate acts 
specifically on the cytokine induced activation of FcαRI (Figure 1E). 
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Figure 1. Effect of inhibiting PKCζ on IgA-binding to IL-3 stimulated Ba/F3_FcαRI cells. Cytokine starved 
Ba/F3_FcαRI cells were pre-treated for 15 min at 37°C with buffer or PKB inhibitor, rapamycin (a p70S6K 
inhibitor) PKC inhibitors GF109203X (1 µM) or Ro31-8220 (1 µM) (A). Ba/F3_FcαRI (B) or 
Ba/F3_FcαRI(p110K227E) (D) were pre-treated for 15 min with indicated concentrations of PKCζ 
pseudosubstrate. In (C) Ba/F3_FcαRI cells overexpressing PKCζ(wt) or PKC(kinase dead) were cytokine starved. 
Cytokine starved Ba/F3_FcαRI(wt) or Ba/F3_FcαRI(S263A) cells were pretreated with PKCζ pseudo-substrate 
(PKCζ PS) (10 µM) for 15 min (E). Subsequently all cells were stimulated with or without IL-3 for 15 min at 
37°C. Binding of IgA-beads to these cells was measured and results are expressed as rosette index (number of 
beads/100 cells) and as means ± SD (n=3). Values indicated with * differed significantly (p < 0.05) from the 
control. 

 
 
Figure 2. Glycogen Synthase kinase (GSK)-3 is important in cytokine-induced FcαRI activation. Cytokine 
starved Ba/F3 FcαRI cells were pre-treated for 15 min at 37°C with buffer or indicated concentrations of GSK-3 
inhibitor SB216763 and subsequently stimulated at 37°C with or without IL-3 for 15 min. (A). Ba/F3_FcαRI cells 
co-expressing GSK-3(wt) or constitutive active GSK-3(S>A) were cytokine starved for 4 hrs. and treated with or 
without IL-3 for 15 min at 37°C (B). Binding of IgA-beads to these cells was measured and results are expressed 
as rosette index (number of beads/100 cells) and as means ± SD (n=3). Values indicated with * differed 
significantly (p < 0.05) from the control. 
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Glycogen Synthase kinase (GSK)-3 is important in cytokine-induced FcαRI activation 
We next investigated how the signal from PKCζ can modulate the function of FcαRI. 
Previous studies suggest that the ‘default’ binding state of the receptor is high, but 
suppressed by phosphorylation in unstimulated cells (8, 14). Cytokine stimulation may 
release or overrule this suppression, switching the receptor to a ligand binding state. We 
hypothesized that, in unstimulated cells, a constitutive active kinase continuously 
suppresses FcαRI activation by modulating the phosphorylation of its C-terminal serine 
residue (S263), which is crucial in the negative regulation of FcαRI. Cytokine stimulation 
may lead to inhibition of this kinase through a PI3K-PKCζ dependent pathway. 
Glycogen synthase kinase 3 (GSK-3) is a crucial regulator of many cellular functions. 
GSK-3 is constitutively active in unstimulated cells and its activity is significantly reduced 
by phosphorylation of an N-terminal serine, S9 in GSK-3β and S21 in GSK-3α. Several 
kinases can phosphorylate these serines, including PKB, protein kinase A (PKA) and 
protein kinase C (PKC). Therefore, we investigated whether GSK-3 could play a role in 
cytokine induced PI3K-PKCζ dependent FcαRI regulation. As shown in figure 2A addition 
of a specific inhibitor of GSK-3, SB-216763, increased the binding of IgA to cytokine-
starved Ba/F3 cells in a dose-dependent manner. These results suggest that active GSK-3 in 
cytokine starved Ba/F3 cells may be involved in the negative regulation of FcαRI. 
To further investigate the role of GSK-3 in FcαRI activation, we generated Ba/F3_FcαRI 
cells overexpressing GSK-3(wt) and constitutively active GSK-3(S9A). As shown in figure 
2B, overexpression of GSK-3(wt) did not affect IgA binding to a large extent. However, 
cytokine induced IgA binding in constitutively active GSK-3 overexpressing cells was 
significantly reduced, although these cells express wild type GSK-3 endogenously. These 
data suggest that GSK-3 may indeed contribute to the regulation of ligand-binding to 
FcαRI. 
 
GSK-3 is activated downstream of PKCζ 
We performed Western blot analysis on whole cell lysates to investigate whether GSK-3 as 
downstream target of PI3K and PKCζ is indeed phosphorylated upon cytokine stimulation, 
and, thereby, inactivated. As shown in Figure 3, GSK-3 is phosphorylated upon stimulation 
with IL-3 in cytokine starved Ba/F3 cells. In contrast, the IL-3 induced phosphorylation of 
GSK-3 was almost completely abrogated by pre-incubation with the PKCζ pseudo substrate 
or with the PI3K inhibitor LY294002. This result implicates that GSK-3 can be 
phosphorylated and, thereby, inactivated downstream of PI3K and PKCζ. 
 
 
Phosphorylation of the intracellular domain of FcαRI by GSK-3.  
To investigate whether FcαRI indeed can be phosphorylated by GSK-3, we performed in 
vitro kinase assays with the intracellular domain of FcαRI as a substrate. Recombinant 
GSK-3 was incubated with the GST-coupled intracellular domain of FcαRwt or with GST 
only. As shown in the first lane of Figure 4, the intracellular tail of FcαR was indeed 
phosphorylated by recombinant GSK-3, relative to GST proteins alone without or with 
incubation with GSK-3 (lane 2 and 3 respectively). These data suggest that GSK-3 is 
capable of FcαRI intracellular domain phosphorylation. 
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Figure 3. Phosphorylation of GSK-3 is inhibited by PKCζ pseudo-substrate and LY294002. Cytokine starved 
Ba/F3_FcαRI cells were incubated with buffer or with PKCζ pseudo-substrate (10 µM) or with the PI-3K inhibitor 
LY294002 (1 µM) for 10 min. Subsequently, the cells were stimulated with or without IL-3 for 20 min. at 37°C, 
washed with ice-cold PBS, lyzed in lysis buffer and heated for 5 min after addition of 5x sample buffer. GSK-3 
was detected using anti-phospho-GSK-3 or anti-total-GSK-3 antisera. 
 

 
 
Figure 4. Phosphorylation of the intracellular domain of FcαRI by GSK-3. The intracellular domain of FcαRI 
is constitutively phosphorylated in resting cells and can be phosphorylated by GSK-3. GST-tagged intracellular 
domain of FcαRI is used for an in vitro kinase assay with recombinant GSK-3. Hereafter, constructs are "fished" 
with glutathione-coated beads and visualized by autoradiography (upper panels) and protein staining for checking 
equal loading (lower panels). 
 
Cytokine stimulation regulates FcαRI lateral mobility in the plasma membrane 
The mechanism by which cytokine-induced inside-out signaling modulates FcαRI function 
might be at the level of the affinity as well as the avidity of the receptor. To investigate this 
process in more detail, we measured the lateral mobility of FcαRI in the plasma membrane 
with fluorescence recovery after photobleaching (FRAP). Ba/F3 cells were generated 
ectopically expressing FcαRI fused to yellow fluorescent protein (YFP) (Fig. 5A). Ba/F3 
cells expressing FcαRI wild type, FcαRI(S263A) and FcαRI(S263D) were cytokine 
starved and subsequently stimulated with or without IL-3 for 15 min. After photobleaching 
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a strip including part of the plasma membrane, the recovery of the fluorescence in this strip 
was measured (Fig. 5A).  
The percentage of the recovery of fluorescence was increased in Ba/F3_FcαRI(wt) 
stimulated with IL-3, whereas the fluorescence in cytokine starved Ba/F3_FcαRI(wt) cells 
did not recover (Fig. 5B). Ba/F3_FcαRI(S263A) cells, which bind IgA independently of 
cytokines, demonstrated the same amount of fluorescence recovery as the cytokine 
stimulated wild type form of the receptor. In contrast, Ba/F3_FcαRI(S263D) cells had no 
recovery of fluorescence after bleaching similar to the cytokine starved Ba/F3_FcαRI(wt), 
suggesting that FcαRI in these cells is immobile (Fig. 5C). These findings demonstrate that 
cytokine induced inside-out activation of FcαRI is associated with an increased lateral 
mobility of the receptor, and thereby increasing the avidity for ligands. 
 

 
 
Figure 5. Regulation of FcαRI lateral mobility by cytokine stimulation. Strip-FRAP measurements of FcαRI-
YFP, FcαRI(S263A)-YFP or FcαRI(S263D)-YFP in the absence or presence of IL-3. Fluorescent molecules in a 
narrow strip (A) were bleached for 0.2 sec at maximum laser power. Subsequently, fluorescence recovery in the 
strip was monitored every 0.1 sec. Mean values of at least 30 cells are plotted (B, C) (n=3). 
 
 
DISCUSSION 
 
Cytokines, such as interleukins, are important regulators of cellular activation of (innate) 
immune cells. Part of this activation is mediated by modulation of the function of adhesion 
receptors, complement receptors and Fc-receptors (FcRs). 
For the FcRs for IgA (FcαRI, CD89) and IgG (FcγRII, CD32) we have previously shown 
that binding of immunoglobulin(Ig)-coated targets to these FcRs is dependent on cytokine 
stimulation of the cells (4, 5, 14). This cytokine-mediated activation of FcRs is dependent 
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on the PI3K signaling pathway (7). Furthermore, the phosphorylation state of the C-
terminal serine (S263) in the intracellular tail of FcαRI is critical for the proper regulation 
of the receptor (8, and Bakema et al, manuscript submitted). This concept of inside-out 
signaling is comparable to the activation mechanisms previously described for integrins, 
where the cytoplasmic tails of the integrin subunits are targets for the modulation of 
integrin affinity/avidity (15, 21). 
In this study we used Ba/F3 cells as a model to further investigate the molecular 
mechanisms of cytokine-induced ligand binding to FcαRI (CD89). This murine pre-B cell 
line lacks endogenous CD89, expression and these cells require IL-3 to survive, similar to 
the requirement for IL-5/IL-3/GM-CSF for human eosinophil survival. Ba/F3 cells stably 
transfected with the FcαR (Ba/F3_FcαRI cells) interact with IgA-coated targets in a 
cytokine-dependent fashion, providing an excellent system to study FcR regulation.  
Upon activation of PI3K at the plasma-membrane leading to production of PI(3,4,5)P3, 
PDKs are recruited to the membrane by virtue of their pleckstrin homology domains. 
Downstream targets of  PDKs include Akt/PKB (9), p70 S6 Kinase (p70S6K) (10) and 
PKC isoforms, including Ca2+ independent PKCs (PKC δ/ε/η) and the atypical PKCζ (11-
13). PI3K-mediated FcαRI activation is independent of PKB and p70S6K, since IgA 
binding was not influenced by incubation with a PKB inhibitor nor by rapamycin (Figure 
1). Therefore, we studied the role of PKC isoforms in FcαRI control and focused on  PKCζ 
as this isoform is Ca2+ and 1,2-diacylglycerol independent (13). A role for PKCζ was likely, 
because a specific pseudosubstrate of this PKC isoform did inhibit the cytokine-induced 
IgA binding (Figure 1). This hypothesis was confirmed by overexpression of a kinase dead 
PKCζ, which inhibited IgA binding up to 45%, whereas expression of wt-PKCζ 
significantly increased the binding. In addition, the PKCζ pseudosubstrate also inhibited the 
IgA binding to Ba/F3_FcαRI(p110_K227E) cells, suggesting that activation of PKCζ 
downstream of PI3K is indeed required for IL-3-induced activation (Figure 1). As the PKCζ 
pseudo-substrate did not affect IgA binding to Ba/F3_FcαRI(S263A) cells, which 
constitutively bind IgA, the inhibition can be considered to act specifically on the cytokine 
induced activation of FcαRI. Interestingly, it has been described that activation of LFA-1 
by chemokines is also dependent on PKCζ, suggesting similar activation mechanisms for 
FcRs and integrins (22). 
In unstimulated cytokine-starved Ba/F3 cells, FcαRI is not activated. This suggests that 
there are cytoplasmic signaling pathways that constitutively suppress FcαRI activation in 
resting cells. The activation of integrins on T-cells is often transient, even with continuous 
stimulation, suggesting the existence of an inhibitory signal that overrules the activation 
signal. In comparison, cytokine-induced activation of FcRs is likely to be caused by 
inhibition of an active signal, that keeps the receptor in a nonfunctional state (see also paper 
by Bracke et al (8)). This mechanism is important in preventing improper activation of cells 
and allows cells to respond quickly to their environment. It is tempting to speculate that 
FcαRI, which is phosphorylated on S263 in unstimulated cells, is suppressed by a 
serine/threonine kinase.  
Although there are not many serine/threonine kinases described to be constitutively active 
in unstimulated cells, glycogen synthase kinase 3 (GSK-3) is. GSK-3 is a crucial regulator 
of many cellular functions, including glycogen metabolism, motility and survival. In 
addition, GSK-3 is one of the downstream targets of PKCζ (23-25).  
We now show that inhibition of GSK-3 leads to activation of IgA binding. We also 
demonstrate that GSK-3 is able to phosphorylate the intracellular tail of FcαRI (Figure 4). 

 79 



Chapter 4 

It might be that FcαRI, which is constitutively phosphorylated on the C-terminal serine–
residue (S263) in unstimulated cells, is kept in its phosphorylated state by GSK-3. GSK-3 
activity is significantly reduced by phosphorylation of an N-terminal serine, Ser9 in GSK-
3β and Ser21 in GSK-3α. We show that GSK-3 is phosphorylated upon cytokine 
stimulation and that this phosphorylation can be inhibited by the PKCζ pseudosubstrate and 
by PI3K inhibition with LY294002. Cytokine induced inside-out signaling switches FcαRI 
to an active state by a PI3K-PKCζ dependent pathway, thereby inhibiting GSK-3 activity 
(Figure 3). Upon inactivation of GSK-3, a serine phosphatase can then dephosphorylate 
FcαRI. Indeed by inhibiting serine/threonine phosphatases with okadaic acid, FcαRI 
remains in a non-functional state even after cytokine stimulation (Bakema et al, manuscript 
submitted). 
Interaction of FcαRI with the cytoskeleton might also be important in maintaining FcαRI 
activation. We have previously shown that disruption of the cytoskeleton with cytochalasin 
D treatment inhibits IgA-binding, suggesting that interaction with the cytoskeleton also 
contributes to FcαRI activation by stabilizing an active conformation (8). It might be 
possible that the cytokine induced PI3K-PKCζ-GSK-3 pathway exerts its action on the 
cytoskeleton, in addition to or as alternative for (de)phosphorylation of the receptor. 
In analogy, for integrins it has been suggested that PKCζ controls the lateral mobility but 
not the affinity triggering (22). Therefore, we investigated the lateral mobility. 
Interestingly, for FcαRI we provide evidence that the lateral movement of the receptor 
(determined by fluorescence recovery after photobleaching) of both wild type and S263A 
mutant receptor is increased when the receptor is activated or constitutive active, 
respectively (Figure 5).These findings suggest that priming of FcαRI function is at least in 
part mediated by an increased avidity due to enhanced lateral movement of the receptor. 
 
We propose a model in which GSK-3 keeps FcαRI in an inactive conformation (Figure 6). 
It is tempting to speculate that FcαRI, which is phosphorylated on the C-terminal serine–
residue (S263) in unstimulated cells, is kept in its phosporylated state by GSK-3. Upon 
priming with cytokines GSK-3 is inhibited and a serine/threonine phosphatase 
dephosphorylates FcαRI, which leads to activation of the receptor. In this way, leukocytes 
can respond very rapidly and efficiently to their environment, a process that requires tight 
regulation. 
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Figure 6 Model for cytokine induced signalling events regulating FcαRI activation. The presence of IL-3 
leads to inhibition of GSK-3 through a PI3K-PKCζ dependent pathway. Subsequently a serine/threonine 
phosphatase (PP) dephosphorylates FcαRI, which leads to activation of the receptor. 
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ABSTRACT 
 
The receptor for IgA, FcαRI or CD89, is expressed on myeloid cells and can trigger 
initiation of FcR γ-chain dependent functions such as phagocytosis, tumor cell lysis, and 
release of inflammatory mediators. Some biological functions are mediated by the FcαRI 
α-chain independently of FcR γ-chain, but relatively little is known as to how FcαRI 
regulates these processes. Since the FcαRI intracellular domain does not contain recognized 
signalling motifs we searched for associating proteins. Using the FcαRI intracellular tail in 
a yeast two-hybrid screen, we identified JAB1 as an FcαRI putative binding partner. This 
interaction appeared specific for FcαRI when compared to other Fc receptors. We found 
increased FcαRI surface expression after ectopic expression of JAB1 and diminished 
protein levels of total FcR γ-chain after JAB1 knock-down. These data support a novel 
regulatory mechanism controlling the turnover of FcαRI-FcR γ-chain protein complex. 
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INTRODUCTION 
 
The prototypic receptor for IgA, FcαRI, belongs to the multi chain immune recognition 
receptor (MIRR) family, and is a heterologous complex consisting of a unique α-chain and 
a promiscuous FcR γ-chain (1). This receptor is found in different species (primates, horses, 
cows and rats), and its expression is restricted to cells of the myeloid lineage, including 
neutrophils, monocytes, eosinophils and most macrophages (alveolar, tonsilar and splenic), 
interstitial dendritic cells and Kupffer cells (1-6).  
FcαRI is a transmembrane receptor consisting of two extracellular Ig-like domains, a 19 
amino acid transmembrane region and a short (41 amino acids) cytoplasmic tail devoid of 
any clear canonical signaling motifs. Engagement of FcαRI by IgA-immune complexes 
triggers cellular activation, resulting in initiation of processes such as phagocytosis, 
antibody-dependent cellular cytotoxicity (ADCC), antigen presentation and cytokine 
release. These cellular functions depend on a stable association between FcαRI and the FcR 
γ-chain that contains intracellular tyrosine-based activation motifs (ITAM). This association 
is based on oppositely charged amino acids in the transmembrane region of both molecules 
and differs from other activating Fc receptors (FcγRI, FcγRIII and FcεRI) (7). Noteworthy, 
it was recently shown that FcαRI has the exclusive feature to exert a dual function: 1) it has 
an activatory function, shared by other Fc receptors, and 2) it has the unique capacity to 
trigger inhibitory functions or to induce apoptosis, all depending on FcR γ-chain ITAM (8, 
9).  
Fc receptors lacking signaling motifs in their cytoplasmic tails are associated with FcR β, γ 
or CD3 ζ chain (depending on FcR type) (10). In the absence of the FcR γ-chain they are 
degraded rapidly in the endoplasmatic reticulum, as in the case of FcγRIII (11). 
Interestingly, in vivo, “γ-less” FcαR is known to be exclusively expressed on colostral 
neutrophils and also to be present, adjacent to FcαRI associated to FcR γ-chain, on (blood) 
neutrophils and monocytes (12-16). In vitro, FcαRI can be ectopically expressed without 
FcR γ-chain co-transfection. Of note, hFcαRI expression on monocytes, neutrophils and 
macrophages of hFcαRI-transgenic mice is fully dependent on the FcR γ-chain (17). 
Furthermore, FcαRI functionality is not exclusively dependent on the FcR γ-chain, and 
features such as ligand binding, receptor internalization and recycling have been described 
to be FcR γ-chain independent (12-16). 
We hypothesized that these FcR γ-chain-independent functions could be mediated by 
effector proteins binding specifically to the intracellular region of the FcαRI α-chain, and 
we therefore performed yeast two-hybrid screens. We identified c-Jun activating binding 
protein 1 (JAB1) associating to the intracellular domain of FcαRI. JAB1 has initially been 
identified as a co-activator of c-Jun mediated transcription (18) and is also known as 
subunit 5 (CNS5) of the COP9 signalosome (19, 20). 
We found JAB1 specifically associated with the intracellular tail of FcαRI, but not with 
other Fc receptors. Moreover, JAB1 overexpression led to increased FcαRI cell surface 
expression and RNAi mediated JAB1 knock-down resulted in lower FcR γ-chain 
expression. Of note, these results were independent of FcαRI triggering. These 
observations may suggest a role for JAB1 in controlling protein level of FcαRI-FcR γ-chain 
complexes.  
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EXPERIMENTAL PROCEDURES 
 
Reagents and antibodies 
Anti-JAB1 mAb was from Sigma Aldrich chemie (St.Louis, MO), anti-human γ-chain 
(Upstate, Charlottesville, VA), Goat-anti-Rabbit IgG (H+L)-HRP (Pierce, Rockford, IL), 
streptavidine-HRP from Zymed laboratories (San Francisco, CA), mAb A59 PE and 
mIgG1-RPE from DakoCytomation (Glostrup, Denmark), and CD64-FITC from 
Immunotech (Marseille, France). For cross-linking purposes, mAb A59 (FcαRI) from BD 
Pharmingen (San Diego, CA), mIgG1 (isotype control) from Sigma Aldrich (St. Louis, 
MO), m22 (FcγRI) from Medarex (Annandale, NY) and Goat F(ab’)2 anti-mouse IgG1 from 
Southern Biotech (Birmingham, AL) were used. Anti GST-antibody was from Amersham 
Pharmacia Biotech (Uppsala, Sweden). Prot A/G PLUS agarose was purchased from Santa 
Cruz Biotechnology (Heidelberg, Germany) and glutathione sepharose 4B beads from 
Amersham Pharmacia Biotech (Uppsala, Sweden). Hygromycin was purchased from Gibco 
(Karlsruhe, Germany), and Calcein-AM from Molecular probes (Paisley, UK). JAB1 
siRNA (GCG CAG AGU AUC GAU GAA A) and scrambled siRNA (GAG UAA GUA 
GCG CAA GGC A) were purchased from Dharmacon (Lafayette, CO). The luciferase assay 
kit was from Promega (Promega Corporation, Madison, WI). DNA FuGENE 6 reagent 
from Roche diagnostics (Mannheim, Germany) was used for plasmid DNA transfection 
reagents and for siRNA Oligofectamine from Invitrogen was used (Carlsbad, CA). For 
biotine labelling of cells, NHS-sulfabiotine was purchased from Sigma-Aldrich (St.Louis, 
MO). 
 
Constructs 
cDNA encoding the cytosolic tail of human FcαRI (Wt), human FcγRI, FcγRIIa, FcRγIIIa, 
FcεRI and murine (m) FcγRI was inserted in the yeasttwo-hybrid vector pGBT9, as 
described in (21). The FcαRI-Wt-Gly6 construct served as a positive control, and was 
generated by introduction of 6 glycines between the sequence of the GAL4 binding domain 
(BD) and the sequence of wildtype FcαRI, to expose the FcαRI tail amino acids to putative 
interacting proteins. The pMT-GST-FcαRI-tail and the empty vector were described in 
(12). The AP1-luc plasmid (reporter plasmid encoding for the firefly luciferase gene driven 
by several copies of an AP-1 enhancer element), described in (22), empty vector (pMT) and 
pMT-mJAB1 were provided by Prof. Dr. P.J.Coffer. The bicistronic vector pMG-IRES-
hFcR γ-chain was a generous gift of Dr. T. Bori-Sanz and was described in (23). The pMG-
FcαRI-IRES-hFcR γ-chain was generated by insertion of FcαRI in MCS2 by the restriction 
sites Bgl II and Nhe I, pMG-FcαRI-dCy-IRES-hFcR γ-chain was generated by site-directed 
mutagenesis (deleting FcαRI amino acid 226-266) with pMG-FcαRI-IRES-hFcR γ-chain as 
a template and verified by sequence analysis. The pcDNA3-FcγRI vector is described in 
(21). 
 
Yeast two-hybrid screening 
An oligo (dT) primed human DC library cloned in pACT-2 by the group of Prof. G. Adema 
(24) was screened for FcαRI-CY interacting proteins in yeast strain YGH1 (all Clontech, 
Palo Alto, CA). Protein interactions were assessed by growth of colonies on histidine-
depleted media and β-galactosidase activity in a replica filter assay. FcαRI-interacting 
proteins were identified by blasting cDNA sequences at www.ncbi.nlm.nih.gov. Interaction 
of JAB1 with other Fc receptors was determined by co-transfections of JAB1 cDNA and 
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cDNA of indicated Fc-receptors. Three independent colonies were transferred to histidine-
lacking plates, and tested for β-galactosidase activity. (+) or (-) triplet colonies were 
positive or negative for β-galactosidase activity, respectively. 
 
Cell lines 
The human monocytic cell line U937, used in the GST pull-down assay and embryonic 
mouse fibroblast cell line NIH3T3, used for transient transfections, were cultured in RPMI 
1640 (Gibco, Paisley, UK, 2 mM glutamine, 25 mM Hepes) with 10% heat–inactivated 
FCS (Integro, Dieren, The Netherlands) 100 units/ml penicillin (GibcoBRL, N.Y), and 100 
μg/ml streptomycin (GibcoBRL, NY). BaF3 cells stably transfected with FcαRI, used in 
co-immunoprecipitation experiments, described in (12) were cultured in the same media 
supplemented with murine IL-3 and hygromycin.  
 
GST pull-down assay 
Fusion proteins of FcαRI cytosolic tail with GST or GST only were purified from E.Coli 
lysates with glutathione sepharose 4B beads. U937 cells were lysed in lysis buffer (50 mM 
Tris-HCl pH 7.5, 150 mM NaCl, 1% Triton x-100, 5 mM EDTA) and after centrifugation to 
clarify the lysate, the supernatant was incubated with the GST fusion proteins for 2 ½ hours 
at 4°C. Next, the beads were collected by centrifugation, washed in lysis buffer and 
resuspended in Laemmli sample buffer. Subsequently, GST fusion proteins were analyzed 
for associating proteins by SDS-PAGE and Western blotting as described below. 
 
(Co)-immunoprecipitation 
Prot A/G agarose beads were incubated with 3 μg of anti-FcαRI antibody in PBS, 
supplemented with 1% bovine serum albumin at 4°C for a minimum of two hours for each 
immunoprecipitation. BaF3-FcαRI cells were biotinylated with NHS-sulfabiotine in PBS 
and incubated 60 min. at 4ºC and subsequently washed in 10 mM NH4Cl (in PBS) collected 
by centrifugation and lysed in RIPA lysis buffer (50 mM Tris-HCl pH 7.5, 150 mM NaCl, 
1% Triton x-100, 0.5% DOC, 0.1% SDS, 10 mM EDTA) for 30 min. at 4°C. The lysate 
was clarified by centrifugation at 15,000 rpm for 10 min. at 4 °C and the supernatant was 
incubated with antibody-absorbed beads. This mixture was incubated for 2 ½ hours at 4°C 
by end-over-end rotation. Next, beads were isolated by centrifugation at 4,000 rpm for 10 
min. at 4°C and washed twice in RIPA lysis buffer. Precipitates were resuspended in 
Laemmli sample buffer and analyzed by SDS-PAGE and Western blotting.  
 
Transfection of cell lines 
For overexpression experiments, NIH3T3 cells were transfected with indicated constructs 
in FuGENE 6 reagent according to the manufacturer’s recommendations. For transfection 
with JAB1 RNAi, cells were transfected using Oligofectamine according to manufactures 
recommendations.  
 
Luciferase assay 
NIH3T3 cells were plated on 35-mm wells at a density of 1×105/well and were transfected 
(with Fugene as described above) 24 h after plating. Each well was transfected with an 
equal amount of DNA (3 µg) containing 2 µg of the reporter plasmid (AP1-luc) and 
different amounts of two other plasmids as indicated in Figure 3. The AP1-luc plasmid is a 
reporter plasmid encoding for the firefly luciferase gene driven by several copies of an AP-
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1 enhancer element. The other plasmids used were an empty vector (pMT), pMT-mJAb1, 
pMG-FcαRI-IRES-hFcR γ-chain, pMG-FcαRI-dCy-IRES-hFcR γ-chain, pMG-IRES-hFcR 
γ-chain and pcDNA3-FcγRI. Equal amounts of DNA were obtained by adding empty 
vector. Twenty-four hours after transfection, the cells were stimulated (if indicated) by 
incubation for 30 min. at 4ºC with mAb anti-human FcαRI or anti-FcγRI or with mIgG1 
isotype antibody as a control. Next, goat F(ab’)2 anti-mouse IgG1 in complete medium was 
added to the cells and incubated overnight at 37º. Cells were lysed and assayed for 
luciferase activity with a luciferase assay kit (Promega). Firefly Luminescence signals is a 
measurement for luciferase activity, measured on GloMax™ Integrated Luminescence 
System (Promega Corporation, Madison, WI).  
 
Flow cytometry.  
FcαRI or FcγRI surface expression was measured by incubating the cells with mAb A59-
PE (FL-2) or CD64-FITC (FL-1), respectively, for 30 min. at 4 °C. Cells were washed 
twice with PBS, 1% bovine serum albumin, 0.1% NaN3 and analyzed by FACSCalibur (BD 
Biosciences, BD Pharmingen, San Diego, CA). As negative control, untransfected cells 
were used. The mean fluorescence of FcαRI or FcγRI measured at a concentration of 0.5 μg 
of plasmid DNA used for transfection of NIH3T3 cells was set at 1. Difference in receptor 
surface expression was put as fold increase compared to mean fluorescence of receptor 
expression with 0.5 μg og plasmid DNA. 
 
SDS-PAGE and Western blotting.  
Samples were prepared in non-reducing Laemmli sample buffer and analyzed by SDS-
PAGE on 15% polyacrylamide gels for detection of FcR γ-chain. The polyacrylamide gels 
were transferred to polyvinylidene fluoride (PVDF) membranes (Immobilon-P, Millipore 
corporation, Bedford, MA) and blocked with 5% BSA in TBS for 1 hour at RT. For JAB1, 
FcR γ-chain, anti GST and tubulin detectio, the membranes were probed with an anti JAB1-
, anti-human γ-chain-, and anti-tubuline antibody, respectively for 1 hour at RT followed by 
incubation for 45 min. with a secondary HRP-labelled antibody. For biotinylated FcαRI 
detection, HRP-labelled streptavidin was used. After extensive washing in TBST (TBS, 
0.05% Tween-20), bound antibody was detected by enhanced chemiluminescence 
(Amersham Biosciences, Freiburg, Germany). 
 
 
RESULTS 
 
JAB1 binds to FcαRI intracellular tail  
The FcαRI cytosolic tail bears no known canonical signalling motifs 
(www.scansite.mit.edu) but is still critical for receptor functionality. To identify proteins 
interacting with the FcαRI tail (a.a 225-266, Fig. 1A), GAL4-based yeast two-hybrid 
screens were performed with a human dendritic cell cDNA library. We identified c-Jun 
activating binding protein 1 (JAB1) as selectively interacting with the FcαRI tail (FcαRI-
Wt and FcαRI-Wt-Gly6 (the latter to expose the FcαRI tail amino acids)) but not with the 
GAL4 bait vector (Fig. 1B). Next, we tested the specificity of JAB1 for intracellular 
domains of other Fc receptors, the amino acid sequences of which are depicted in Figure 
1A. In yeast, JAB1 was found to only interact with FcαRI-Wt, but not with hFcγRI, 

 88



JAB1 modulates FcαRI complex protein levels 

FcγRIIa, FcγRIIIa, FcεR and mFcγRI, supporting specificity for the intracellular tail of 
FcαRI (Fig. 1B).  
To confirm the FcαRI-JAB1 interaction in mammalian cells, we performed GST pull-down 
experiments by using recombinant GST-fusion proteins of FcαRI-Wt-cytosolic tail (a.a. 
226-266), and recombinant GST protein only (as a control). JAB1 could be specifically co-
precipitated from lysates of U937 cells with the GST-wildtype-FcαRI cytosolic tail (GST-
FcαR-tail) but not with GST-fusion protein alone (GST) (Fig. 2A). To confirm the 
interaction, co-immunoprecipitations were performed with BaF3 cells that endogenously 
express JAB1 and ectopically expressed FcαRI. Cells were biotinylated prior to lysis, 
enabling detection of FcαRI by streptavidine. Figure 2B shows immunoprecipitation of 
JAB1, and co-immunoprecipitation of FcαRI with anti-JAB1 (+), but not with the isotype 
control (-). The two different bands after streptavidin staining (+ lane), may represent 
differently glycosylated FcαRI forms, as previously described (15, 25). Together, these 
experiments support an association between FcαRI and JAB1. Notably, FcαRI-JAB1 
interaction is unlikely to be dependent on FcR γ-chain, since the yeast two-hybrid screens 
were done in the absence of FcR γ-chains. 
 

 
 
Figure 1. Identification of JAB1 as an FcαRI interacting protein in yeast. A) Protein sequences of the 
intracellular domains of human FcαRI Wildtype (Wt), FcγRI, FcγRIIa, FcγRIIIa, FcεRI and murine (m) FcγRI. B) 
yeast two-hybrid analyses based on β-galactosidase activity of indicated Fc-receptors or empty vector (as a 
control) co-transfected with JAB1. Fc receptor constructs are described in “Experimental procedures”. FcαRI-Wt-
Gly6 construct, served as a positive control. (+) represents β-galactosidase activity (experiments were performed at 
least twice, yielding similar results). 
 
FcαRI cytosolic domain inhibits c-Jun driven transcription. 
Originally JAB1 has been described as a co-activator of c-Jun mediated transcription (18), 
so we tested whether the FcαRI-JAB1 interaction influenced c-Jun driven signaling in a 
luciferase assay. NIH3T3 cells were transfected with AP1-Luciferase cassette as reporter 
with or without JAB1 co-transfection. 
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Figure 2. Association of JAB1 with FcαRI. A) Pull-down experiments of recombinant GST-Wt-FcαRI 
intracellular tail fusion proteins with lysates of the human monocytic cell line U937 as a source for JAB1. FcαRI-
Wt-cytosolic tail is indicated in the Figure by GST-FcαRI-tail and (GST) marks recombinant protein of GST only. 
Upon immunoprecipitation by glutathione beads, western blots were immunoblotted for JAB1. Reprobing with an 
anti-GST antibody, served as loading control (n=3). Lysate indicates JAB1 presence in lysed U937 cells. B) Co-
immunoprecipitation of biotinylated BaF3-FcαRI cells stably overexpressing full length FcαRI and endogenous 
JAB1. Cells were lysed and immunoprecipitated with anti-JAB1 absorbed beads (+) or isotype antibody absorbed 
beads (-). Western blots were immunoblotted with anti-streptavidine to detect FcαRI or an anti-JAB1 antibody to 
detect JAB1. IgG heavy chain bands served as a loading control (n=2). 
 
This resulted in induced luciferase activity as shown in Figure 3A (left part, higher amounts 
of JAB1 did not result in an additional enhancement of luciferase activity (data not 
shown)). This was in agreement with Claret and co-workers who previously implicated 
JAB1 as coactivator of c-Jun driven transcription (18). Since FcαRI signalling is initiated 
upon triggering of the receptor and mainly depends on association with FcR γ-chain (7), we 
cross-linked co-transfected receptor and determined the effect on AP-1 luciferase reporter 
activity. Surprisingly, the transfection of FcαRI-FcR γ-chain construct resulted in a clear 
decrease of luciferase activity (Fig. 3A, compare first and third bar). We reasoned that if 
JAB1 can interact with c-Jun and with FcαRI, overexpression of FcαRI might result in 
sequestering of JAB1 and thus inhibit its function as transcriptional co-activator. To test 
this we co-transfected increasing amounts of JAB1 and determined the effect on AP-1 
mediated transcription after FcαRI cross-linking. Indeed, increased expression of JAB1 
resulted in a dose-dependent increase of luciferase activity, which could indicate that 
overexpression of JAB1 reduced the sequestering effect of FcαRI on AP-1 transcriptional 
activity (Fig. 3A, right part). Next, we investigated whether FcαRI-FcR γ-chain mediated 
inhibition of AP-1 transcriptional activity was dependent on FcαRI cross-linking. We 
observed that ectopic expression of FcαRI was itself sufficient to inhibit AP-1 mediated 
transcription (Fig. 3B, first two bars). Additionally, JAB1 induced, AP-1 mediated 
transcription was inhibited by increasing FcαRI expression levels, again suggesting that 
FcαRI is able to sequester JAB1 (Fig. 3B, last three bars). To further investigate whether 
inhibition of the luciferase activity was indeed mediated by the cytosolic domain of FcαRI, 
we utilized an FcαRI receptor lacking the intracellular tail (i.e. FcαRI-dCy), which is still 
able to associate with FcR γ-chain (7). Cells ectopically expressing this FcαRI-dCy 
construct exhibited higher luciferase activity compared to cells transfected with full-length 
FcαRI-FcR γ-chain (Fig. 3C). This demonstrates that inhibition of AP-1 activity by the full-
length FcαRI-FcR γ-chain construct is indeed mediated by the FcαRI intracellular domain. 
Based on the yeast two-hybrid data we hypothesized that overexpression of full length 
FcγRI would not decrease luciferase activity, compared to cells transfected with FcαRI, 
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since FcγRI does not bind JAB1. As shown in Figure 3D, cells transfected with FcγRI-FcR 

γ-chain exhibited higher luciferase activity compared to FcαRI-FcR γ-chain transfected 

cells, indirectly suggesting that the cytosolic domain of FcγRI does not bind to JAB1, in 

agreement with the yeast two-hybrid data.  

Taken together, these results suggest that the intracellular domain of FcαRI inhibits c-Jun 

driven transcription probably through sequestering of JAB1. 

 

 
 

Figure 3. FcααααRI cytosolic domain inhibits JAB1 function as a transcriptional co-activator. NIH3T3 cells 

were transfected with the indicated constructs and concentrations (in micrograms, depicted on the X-axes). An 

AP1-luc plasmid served as a reporter plasmid encoding for the firefly luciferase gene driven by several copies of 

an AP-1 enhancer element. 24 hours after transfection, the cells were, where indicated stimulated overnight as 

described under “experimental procedures”. Lysed cells were assayed for luciferase activity using a Promega 

luciferase assay kit, according to the manufacturer’s protocol. On the Y-axes, mean  ± SD of Firefly Luminescence 

is depicted. Luciferase activity was measured of A) AP-1 transfected cells co-transfected with or without JAB1 

(left part, n=2) and with or without JAB1 and FcαRI-FcR γ-chain (right part, n=3). All FcαRI expressing cells 

were incubated with FcαRI cross-linking antibodies B) Non stimulated AP-1 transfected cells co-transfected with 

or without 2.0 JAB1 and with or without increasing concentrations of FcαRI-FcR γ-chain, as indicated (n=3). C) 

AP-1 and JAB1 co-transfected cells with FcαRI-FcR γ-chain or FcαRI without the cytosolic domain (FcαRI-day)-

FcR γ-chain and incubated with FcαRI cross-linking antibodies (n=2). D) AP-1 and JAB1 co-transfected cells with 

FcαRI-FcR γ-chain or FcγRI-FcR γ-chain. Cells were stimulated with either FcαRI cross-linking, or FcγRI cross-

linking antibodies (n=2).  
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JAB1 affects FcαRI and FcR γ-chain protein levels 
In general, Fc receptors are expressed on the cell surface, in complex with FcR γ-chain 
homodimer, and lack of association leads to rapid degradation in the endoplasmatic 
reticulum (10, 11).  
Since JAB1 has also been described to play a role in modulating protein degradation and 
regulation of protein functions (26), we investigated the effect of JAB1 on FcαRI surface 
expression. For this purpose, NIH3T3 cells were transfected with increasing amounts of 
FcαRI-FcR γ-chain bicistronic cDNA construct; and we determined whether FcαRI surface 
expression was affected by co-transfection with JAB1. Indeed, 24 hours post transfection, 
we found a dose-dependent increase in FcαRI surface expression when JAB1 was co-
transfected (Fig. 4A). As a control we performed the same experiment but replaced FcαRI-
FcR γ-chain construct with an FcγRI- and FcR γ-chain construct, and observed no change in 
FcγRI expression by co-transfection with JAB1 (Fig. 4B). Representative FACS histograms 
of both figure 4A and B are depicted in Figure 4C and D, respectively.  
In cell lines, FcαRI can be ectopically expressed without FcR γ-chain co-transfection, so 
we tested whether FcR γ-chain expression in the context of FcαRI was also affected by 
JAB1. We utilised JAB1 RNAi to determine FcR γ-chain protein levels under low 
endogenous JAB1 protein levels. We observed effective knock-down (up to 50%, based on 
densitometer scanning) of endogenous JAB1 in NIH3T3 cells utilizing JAB1 siRNA 
compared to scrambled siRNA (Fig 4E). Next, cells were transfected with FcαRI-FcR γ-
chain construct with JAB1- or scrambled-RNAi. Subsequently, half of the cells were 
stimulated by FcαRI cross-linking. Knock-down of endogenous JAB1 resulted in lower 
FcR γ-chain expression levels compared to scrambled RNAi transfected cells (Fig. 4F 
upper panel). Decreased FcR γ-chain levels may well be independent of FcαRI cross-
linking, since reduction of FcR γ-chain levels were also found in non-stimulated samples. 
JAB1 knock-down levels of this experiment are shown in Figure 4F lower panel.  
These data support a novel role for JAB1 in protein turnover of both FcαRI and FcR γ-
chain, but based on these experiments we cannot exclude the possibility that decreased FcR 
γ-chain levels were a secondary effect of JAB1 modulating FcαRI protein expressing. 
 
 
DISCUSSION 
 
A yeast two-hybrid screen of a human DC library with the intracellular domain of FcαRI 
identified JAB1 (c-Jun activating binding protein 1) as an FcαRI binding partner (Fig. 1). 
This interaction was confirmed in a GST-pull-down assay and with co-immunoprecipitation 
experiments (Fig. 2). This interaction is specific for the intracellular domain of FcαRI in 
yeast, since no other activatory Fc receptors were found to associate with JAB1. JAB1 was 
initially discovered as a co-activator of c-Jun-mediated transcription (18), therefore we 
investigated a potential role for JAB1 in FcαRI mediated signaling by testing whether 
FcαRI-JAB1 interaction modulates c-Jun mediated transcription. Overexpression of JAB1 
alone induced high levels of AP-1 dependent luciferase activity, as previously described 
(18). To our surprise, transiently overexpressing FcαRI-FcR γ-chain resulted in inhibition 
of AP-1 mediated transcription, and this was independent of FcαRI activation (Fig. 3). 
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Figure 4. Effect of JAB1 on FcαRI surface expression and FcR γ-chain levels. NIH3T3 cells were transfected 
with the indicated constructs and concentrations (in micrograms). 24h post transfection cells were harvested and 
stained for FcαRI (mAb A59-PE (FL-2)) (A) or FcγRI (CD64-FITC (FL-1)) surface expression (B). Y-axes 
indicate fold induction receptor surface expression levels (mean fluorescence of 0.5 μg of receptor construct set at 
1) (n=3, mean ± SEM is indicated). C) FACS histogram example of figure (A), filled histogram represents black 
bar in figure (A), 0.5 μg and 1.0 μg of FcαRI depicted in left and right histogram, respectively. D) FACS 
histogram example of figure (B), filled histogram represents black bar in figure (B). E) NIH3T3 cells were 
transfected with JAB1-RNAi (+) or scrambled RNAi (-), as indicated and after 24 hours, levels of JAB1 
determined by western blotting (n=3). F) NIH3T3 cells were transfected with FcαRI-FcR γ-chain construct, and 
after 24 h, cells were retransfected with JAB1-RNAi (+) (or scrambled RNAi) (-), as indicated. Additionally, cells 
were stimulated overnight by FcαRI cross-linking, if indicated. Cells were then harvested and lysed in sample 
buffer. Western blotting was performed with these samples and stained with the indicated antibodies, tubulin 
staining served as loading control (n=2). Numbers under Figures represent relative densities compared to tubulin 
(measured on a densitometer). 
 
Furthermore, FcαRI lacking the intracellular tail (FcαRI-dCY) and full-length FcγRI that 
could not bind JAB1 (based on our yeast data) did not inhibit AP-1 mediated transcription 
(Fig. 3C and D). These results suggest that the intracellular tail of FcαRI actually inhibits 
JAB1 mediated AP-1 driven transcription. It is tempting to speculate that JAB1 is 
sequestered by FcαRI intracellular domain, effectively inhibiting its function as 
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transcription co-activator. However, we cannot exclude the possibility that FcαRI itself 
inhibits c-Jun driven transcription.  
Recently, it has been reported that association of JAB1 with β2-integrins resulted in 
enhanced AP-1 transcriptional activity due to translocation of JAB1 from the cytosol into 
the nucleus upon LFA-1 triggering (27). We have investigated this translocation in the 
context of FcαRI, but were unable to observe clear translocation of JAB1 into the nucleus 
upon FcαRI triggering (data not shown). We then pursued the possibility that JAB1 might 
affect protein levels of FcαRI and FcR γ-chain as described for degradation of p27KIP1 
(cyclin-dependent kinase inhibitor) (28, 29) and enhanced HIF-1α protein levels (30). As 
shown in Figure 4, JAB1 overexpression resulted in an increase of FcαRI surface 
expression. Furthermore, we observed decreased protein levels of FcR γ-chain (in the 
context of FcαRI) utilising JAB1-siRNA. Taken together, we suggest that the functional 
relevance of JAB1 binding to the intracellular domain of FcαRI lies in regulation of FcαRI- 
and FcR γ-chain protein turnover rather than modulating FcαRI triggered transcriptional 
activity.  
The effect of JAB1 on interacting proteins can be divided in several functions, varying from 
modulation of AP-1 transcriptional activity, regulation of protein function and protein 
degradation (reviewed in (26)). As previously discussed, JAB1 has been reported to be a 
nuclear protein, stabilizing the complex formed by c-Jun and AP-1 sites and thereby 
potentiating the c-Jun mediated transactivation of an AP-1 reporter gene (18). Protein 
degradation regulated by JAB1 has been described for p27KIP1 and 
Lutropin/Choriogonadotropin receptor (LHR) (28, 29, 31). JAB1 interaction with p27KIP1 

results in cytoplasmic translocation p27KIP1and accelerating of its ubiquitin dependent 
degradation, and binding of JAB1 to the immature LHR in the Endoplasmatic Reticulum 
(ER) promotes degradation of this immature receptor. Interestingly, these studies also 
demonstrated inhibition of c-Jun mediated transcriptional activity after co-transfection of 
LHR, also reasoning that this was due to sequestering of JAB1.  
Protein functions regulated via JAB1 interaction have been described for PR (progesterone 
receptor) and SCR-1 (steroid receptor coactivator 1), which together form a transcriptional 
complex (32). JAB1 stabilizes this complex and thereby enhances its transcriptional 
activity. A similar function was found for JAB1 in association with HIF-1α (Hypoxia-
inducible factor-1α) (30). Finally, it has also been documented that JAB1 can function in 
the context of the COP9 signalosome, responsible for phosphorylation of IκBα  (inhibitor 
of NF-κB) and c-Jun upon binding of JAB1 (33, 34) and modulation of SCF ubiquitin 
ligases by JAB1 metalloprotease JAMM (JAB1/MPN/Mov34) motif (35). 
Based on our results, we can propose several functions for JAB1 in regulating FcαRI 
function. JAB1 could affect stabilization of newly synthesized FcαRI-FcR γ-chain complex 
in the ER, similar to the LHR receptor (31). In this way, JAB1 would interact with FcαRI 
in the ER, and stabilize the FcαRI-FcR γ-chain complex, promoting cell surface expression. 
Another possibility is that the JAB1-JAMM motif, (36, 37) could affect FcαRI-FcR γ-chain 
protein levels, in a similar manner to that described for the EGF receptor (38). Here, the 
JAMM containing AMSH adaptor promotes EGF receptor (EGFR) recycling to the cell 
surface by inhibiting ubiquitin dependent degradation. Notably, ubiquitinilated FcR γ-chain 
in complex with FcγRI and FcεRI has been documented (39-41). Interestingly, triggering of 
FcαRI not associated to FcR γ-chain is known to receptor recycling back to the cell 
membrane, in contrast to FcαRI associated to FcR γ-chain, regardless of similar 
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internalization rates of both receptor types (14, 15). Both of these proposed possibilities are 

schematically depicted in Figure 5. 

 

 
 
Figure 5. Cartoon of possible JAB1 effects on in FcααααRI-FcR γγγγ-chain protein complex functioning. A) JAB1 

may play a role in the stabilization of newly synthesized FcαRI-FcR γ-chain complexes. JAB1 may possible 

interact with FcαRI in the ER (endoplasmatic reticulum), and stabilize the FcαRI-FcR γ-chain complexes, in this 

way promoting cell surface expression of FcαRI-FcR γ-chain complexes. TGN = Trans Golgi Network. B) JAB1 

may protect FcαRI-FcR-γ chain complex from (ubiquitin mediated?) degradation, by a conserved motif within 

JAB1, the so-called JAMM motif (36, 37). Depending on the levels of JAB1 protection, FcαRI-FcR γ-chain 

complexes are either recycled to the cell surface or degraded. 
 

In summary, we have identified JAB1 as a novel molecule associating with the intracellular 

tail of FcαRI. The interaction of JAB1 with FcαRI does not appear to have a role in 

regulating transcriptional activity but rather in regulating protein turnover of FcαRI and 

FcR γ-chain, providing novel insight into the molecular mechanism modulating FcαRI-FcR 

γ-chain complex stability. 
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Chapter 6 

ABSTRACT 
 
For integrins and Fc receptors, transmission of bidirectional signals is crucial for receptor 
functioning. Both types of receptor require inside-out signaling to bind ligands. Following 
ligand binding, these receptors generate an outside-in signal, necessary for cellular 
functions. Integrin inside-out signaling includes affinity regulation by conformational 
change, thereby unmasking a so-called activation epitope. Fc receptor activation mediated 
by inside-out signaling, has been reported for several FcR, including the prototypic IgA 
receptor, FcαRI. We have investigated the possibility that FcαRI affinity regulation 
involves a receptor conformational change. This hypothesis was addressed by generating 
antibodies selectively recognizing activated FcαRI, and we are now in the process of 
characterizing several antibodies.  
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INTRODUCTION 
 
For a long time IgA has been considered an “anti-inflammatory” antibody, preventing 
invasion of pathogens. The anti-inflammatory activity, mainly performed by secretory IgA 
(sIgA), includes virus neutralization, inclusion of bacterial agents and transport of 
intracellular pathogens across epithelial barriers. In this respect, little attention has been 
paid to the myeloid IgA receptor (FcαRI or CD89) expressed on monocytes, eosinophils, 
neutrophils and macrophages. Serum IgA, however, can initiate inflammatory reactions 
upon FcαRI binding. Triggering FcαRI-FcR γ-chain signaling complexes evokes numerous 
functions including phagocytosis, respiratory burst and release of inflammatory mediators 
and antibody-dependent cellular cytotoxicity (ADCC) (1-3). The latter function implicates 
FcαRI as a candidate target for antibody therapy. Besides activating functions, FcαRI has 
recently also been described as an “inhibitory” receptor (4).  
The concept of receptor activation by inside-out signaling has been well established for 
integrins and has also been documented for FcγRI, FcγRIIa and FcαRI, representing an 
important step in FcR receptor functioning (5-9). This process has been documented in cell 
lines, as well as in primary cells, and refers to the rapid modulation of ligand binding in 
response to intracellular signals, without effect on receptor expression levels. Several 
features are important to enable the switch from inside-out to outside-in. These include 
phosphorylation of receptor intracellular domains, binding of intracellular proteins and/or 
requirement of the cytoskeleton and finally involvement of various stimuli.  
In more detail for FcαRI, in the resting state FcαRI exhibits a low IgA-immune complex 
binding capacity, whereas upon cytokine stimulation its ligand binding capacity increases 
profoundly, without increased surface receptor expression. The importance of controlled 
ligand binding was complemented by observations in allergic patients (10). These patients 
exert cytokine insensitivity and exhibited a constitutively primed receptor, and are 
incapable of mediating a “controlled response” to IgA immune complexes. Factors 
involved in cytokine-induced FcαRI activation are signaling mediators (6, 11), proteins 
associating to its intracellular tail (Bakema et al., manuscript submitted), receptor avidity 
changes (Honing et al., manuscript submitted) and cytoskeletal interactions (6).  
For integrins, a conformational change within the extracellular part of the ligand binding α-
chain has been documented (9). Whether FcαRI activation by cytokine induced inside-out 
signaling also involves a conformational change in the extracellular domain contributing to 
increased IgA binding is unknown. To investigate this possibility, we immunized mice with 
an FcαRI mutant-expressing cell line, which constitutively binds IgA immune complexes 
(without prior cytokine stimulation) (6) and are now characterizing a panel of FcαRI-
specific antibodies, focussing on differential recognition patterns between non-activated 
FcαRI and activated FcαRI. 
 
 
EXPERIMENTAL PROCEDURES 
 
Reagents and antibodies 
The anti-FcαRI mAb A59 was purchased from BD Pharmingen (San Diego, CA), the anti-
FcαRI My43 and A77 hybridoma was from our own laboratory, mIgG1 from Sigma-
Aldrich (St. Louis, MO), Goat anti-mIg-RPE and Goat (Fab)’2 anti-mIgG1-RPE from 
Southern Technologies (Birmingham, AL). IL-3, and IL-5 were generously provided by Dr. 
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H. Honing (UMCU, Utrecht, The Netherlands), described in (6, 8). Human serum IgA was 
purchased from (ITK diagnostics BVl), Hygromycin from GibcoBRL (N.Y), and Calcein-
AM from Molecular Probes (Paisley, UK).  
 
Immunization protocol and hybridoma production 
Immunizations of mice, generation of the hybridomas and isotyping of antibodies were 
done by Peter.J.S. van Kooten of the Hybridoma Laboratory Facility (Institute for 
Infectious Diseases and Immunology, Utrecht University, The Netherlands). Briefly, a 
BALB/c mouse was immunized with 1 x 106 immortalized FcαRI-S263A cells, 7 times i.p. 
over a period of 5 months. Splenocytes were hybridized with SP2/0 non-secreting myeloma 
cells. Hybridoma cell lines were maintained in Dulbecco’s medium containing 10% FCS 
and gentamycine. Supernatants of the resulting hybridomas were tested for anti FcαRI-
S263A antibodies by immunofluorescence.  
 
Cell lines and preparation of blood cells for immunofluorescence. 
BaF3 cells stably transfected with FcαRI S263A or FcαRI S263D and the untransfected cell 
line were described in (6). FcαRI S263A-YFP labelled cells are described in Chapter 4. 
Briefly, BaF3 cells were transfected with pMT-2_VSV containing FcαRI together with 
pSG5-CMV-Hygro. BaF3 transfectants were cultured in RPMI 1640 (Gibco, Paisley, UK, 2 
mM glutamine, 25 mM Hepes) supplemented with 10% heat–inactivated FCS (Integro, 
Dieren, The Netherlands), 100 unit/ml penicillin (GibcoBRL, N.Y), 100 μg/ml 
streptomycin (GibcoBRL, NY) and maintained in the presence of murine IL-3 and 
hygromycin. Blood was donated by healthy volunteers from Sanquin Bloedbank Midden 
Nederland, Utrecht, the Netherlands. Eosinophil isolation and stimulation with IL-5 were 
described in (6).  
 
Immunofluorescence 
Supernatant of hybridomas were tested for recognition of FcαRI-S263A expressing BaF3 
cells, used for immunization (Fig. 3A). For this purpose a mixture (1:1 ratio) of YFP-
labelled FcαRI-S263A BaF3 cells (visual in Fl-1chanel) and FcαRI-S263D transfected Baf3 
cells were used incubated with undiluted hybridoma supernatant for 30 min at 4°C. Cells 
were washed twice and subsequently incubated with anti-mIg-PE labelled secondary 
antibody in PBS containing, 1% bovine serum albumin and 0.1% NaN3, for 30 min. at 4°C. 
Mixture of cells only incubated with the secondary antibody served as a negative control. 
After washing the cells, samples were analysed on a FACSCalibur (BD Biosciences, BD 
Pharmingen, San Diego, CA). This staining was also performed with 293T cells transiently 
transfected with FcαRI-S263A, see below. Hybridoma CD89-A was sorted (1 cell/well) on a 
FACS Aria (BD Biosciences, BD Pharmingen, San Diego, CA) in order to obtain 
monoclonal hybridomas. For staining of whole blood Ig-purified CD89-A4 and A5 mAb 
were used. Whole blood was centrifuged at 3000 rpm for 3 min. Cells were incubated with 
FACS Lysing solution (BD lysing solution) and stained as described above.  
 
Transfection of cell lines 
FcαRI-recognizing hybridoma clones were further tested on 293T cells transiently 
transfected with FcαRI-S263A (active FcαRI) construct by means of FuGENE 6 reagent 
(Roche diagnostics, Mannheim, Germany), according to the manufacture's 
recommendations and stained as described above.  
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Ligand binding assay 
The ligand binding assays on IgA-coated plates were performed with BaF3 FcαRI-S263A 
transfected cells as was described in (12). 
Briefly, IgA-coated plates were used to determine the ligand binding capacity of cells. Cells 
were preincubated with Calcein-AM as fluorescent dye for 30 min at 37°C and 
subsequently incubated in IgA-coated plates for 30 minutes at 4°C. If indicated, anti-FcαRI 
antibodies were added to the cells prior to incubation in the IgA-coated plates for 15 min at 
4°C Samples were analysed in a Fluoriscan (Fluoroskan Ascent; Thermo Labsystems). 
Ligand binding capacity was determined as the retained fluorescence of adhering cells upon 
washing the plates, until the background levels were reached (untransfected cells), 
compared to the input fluorescence (set at 100%).  
 
 
RESULTS 
 
The FcαRI ectodomain is composed of two immunoglobulin-like domains, EC1 and EC2 
(13-15). The FcαRI ectodomains of different species are depicted in Figure 1. The IgA-
binding site on FcαRI involves residues Y35 (in the BC loop), R52, R53, L54, K55 (in the 
D strand), F56, W57, carbohydrate linked to N58 (in the DE loop), Y81, R82, I83 G84, 
H85 and Y86 (in the FG loop) (13, 16, 17). In particular, FcαRI residues L54, K55 and F56 
have been implicated as important for ligand binding. Conformational changes occur within 
the D strand and the DE and FG loops within FcαRI upon IgA binding (13). The amino 
acids F56 and R82 are conserved between species. 
 
Immune serum selectively recognized active FcαRI. 
Unstimulated FcαRI-expressing BaF3 cells exhibit low IgA-immune complex binding 
capacity, whereas ligand binding capacity increases upon IL-3 stimulation without changes 
in surface receptor expression (6). To investigate whether cytokine stimulation results in 
FcαRI conformational changes, we hypothesized active FcαRI to display an epitope that 
may be (partially) masked within inactive FcαRI. Functionally, active FcαRI has been 
shown to critically depend on an intracellular serine at position 263. FcαRI-S263A 
expressing cells mediate cytokine-independent constitutive IgA binding, whereas FcαRI-
S263D cells are unable to bind IgA-immune complexes. We used BaF3 cells stably 
transfected with FcαRI-S263A to immunize Balb/C mice. We aimed to generate FcαRI-
specific antibodies exhibiting differential recognition between non-active and active 
receptors. First, we tested serum of an immunized mouse (upon 5 immunizations) by 
staining FcαRI-S263A expressing cells. Figure 2A and B show staining of BaF3 FcαRI-
S263A cells with immune serum, relative to untransfected cells. Figure 2C and D shows 
partial block of immune serum staining by preincubation of cells with different IgA 
concentrations. Preincubation with FcαRI mAb A77 antibody served as negative control, 
since this mAb recognizes FcαRI outside the IgA binding site (18).  
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Figure 1 Alignment of FcαRI ectodomains of different species. The FcαRI ectodomains (EC1 and EC2) of 
different species, each composed of two immunoglobulin-like domains (1, light shaded and 2, dark shaded) based 
on (14) and NCBI accession number P24071.  Squares mark amino acids (a.a.) within the FcαRI IgA binding site. 
Based on human FcαRI crystal structures and FcαRI mutant analysis (13, 16, 17) 
 
Immune serum differentially recognized IL-5 stimulated eosinophils. 
Increased FcαRI-IgA binding has been documented for eosinophils upon IL-5 stimulation 
(6).To evaluate the binding pattern of immune serum upon cytokine stimulation, we used 
freshly isolated human eosinophils directly upon isolation, or after IL-5 stimulation. 
Eosinophils were incubated with immune serum (1:50 dilution). As a negative control, we 
used either serum (1:50 diluted) of the same mouse before immunization, or non-specific 
purified mIgG1-kappa (10 μg/ml). As shown in Figure 2E and 2F, IL-5 stimulation resulted 
in enhanced staining with immune serum, compared to pre-immune serum or purified 
mIgG1-kappa. Notably, non-stimulated eosinophils were not recognized with immune 
serum. Conventional FcαRI antibodies also did not (or only very weakly) bind FcαRI on 
eosinophils ((19) and own unpublished results). Taken together, this might support 
differential recognition of FcαRI by our immune serum upon cytokine-stimulated 
eosinophils. 
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Characterization of CD89-A hybridoma. 
After 7 immunization cycles, the mouse spleen was used for fusion with SP2/0 cells and 
hybridoma supernatants were tested for FcαRI-S263A specificity. We obtained 195 (mixed) 
hybridomas, of which 24 were more reactive to FcαR-S263A expressing cells than 
untransfected cells.  
Figure 3A and 3B shows results obtained with supernatant of one of the hybridomas, 
CD89-A. To test reactivity of CD89-A supernatant to active FcαRI receptor, relative to 
inactive receptor, BaF3 cells expressing YFP-labelled FcαRI-S263A, and FcαRI-S263D were 
used, respectively. These cells were mixed in a 1:1 ratio and stained with secondary (anti-
mIg-PE labelled) antibodies only (Neg) or with CD89-A supernatant and secondary 
antibody (Fig. 3A). BaF3 FcαRI-S263D cells (upper panel), and Fl-1 positive YFP-labelled 
BaF3 FcαRI-cells (lower panel) were separately gated and analysed for CD89-A reactivity. 
Incubation of the cell mixture with CD89-A supernatant and anti-mIg-PE labelled 
antibodies resulted in increased binding to both cell lines, albeit that FcαRI-S263A cells 
gave modestly higher staining, compared to FcαRI-S263D cells (mean fluorescence of 77, 
versus 60, respectively). FcαRI expression levels on both cell lines were comparable (data 
not shown). To further examine the FcαRI specificity of this hybridoma, we transiently 
transfected 293T cells with FcαRI-S263A and stained the cells with FcαRI-A59 antibody 
(positive control) and with CD89-A supernatant (Fig. 3B). This resulted in selective 
binding of FcαRI-S263A transfected cells relative to non-transfected cells. Based on these 
experiments, we decided to proceed first with this hybridoma for further testing our 
hypothesis.  
 
To obtain monoclonal hybridomas, the CD89-A hybridoma cells were FACS-sorted at 1 
cell per well, resulting in 5 subclones. Supernatants of two clones (CD89-A4 and -A5) were 
immunoglobulin purified and antibody isotyped. Both antibodies were of the mIgG1 
subclass and were tested for FcαRI recognition on human whole blood (Fig. 3C). Positive 
staining was observed for granulocytes and monocytes (albeit weakly) but not lymphocytes. 
The FcαRI A59 antibody, known to selectively recognize FcαRI, served as positive control 
(18).  
We next tested whether these antibodies affected IgA binding in a ligand-binding assay, 
using IgA-coated plates as ligand and FcαRI-S263A cells. Preincubation of FcαRI-S263A 
cells with CD89-A4 mAb resulted in a decreased binding to IgA, maximum blocking of 
ligand binding was shown with FcαRI My43 mAb preincubation, an antibody known to 
block IgA binding (20). The CD89-A5 mAb did not affect ligand binding, since IgA 
binding was similar to untreated cells and cells preincubated with an isotype control 
(mIgG1). Based on these preliminary data, the CD89-A4 and 5 antibodies may be selective 
for FcαRI on cell lines and may in addition recognize FcαRI on primary blood cells as 
well. 
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Figure 2 Reactivity of mouse immune serum with active FcαRI receptor expressing cells. A) Staining with 
different dilutions of immune serum (sampled following immunization 5) of FcαRI-S263A expressing, compared to 
untransfected BaF3 cells. Geometric means of fluorescence are plotted on the Y-axis and bars indicated with (*) 
mark samples depicted in Figure 2B as in FACS histograms (n=3). C) Staining of FcαRI-S263A expressing BaF3 
cells with the FcαRI mAb A77 (recognizes FcαRI within EC2 (18)) and with immune serum. Both types of 
staining were also performed upon preincubation of cells with IgA at different concentrations (grey bars) (n=2). 
Bars indicated by (are depicted in Figure 2D as FACS histograms. E) Freshly isolated human eosinophils and IL-5 
stimulated eosinophils were stained with mouse immune serum (1:50 diluted) sampled following immunizations 5, 
6 and with 7. Serum (1:50 diluted) of the same mouse, obtained before immunisations (pre-serum) and (non-
specific) purified mIgG1-kappa (10 ug/ml) served as negative controls (n=2). Bars indicated by ♦, are plotted in 
FACS histograms in panel 2F. 
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Figure 3 Characterization of hybridoma CD89-A. After 7 immunizations, the mouse spleen was used to 
generate hybridomas. A-B) Results with polyclonal hybridoma CD89-A supernatant. A) BaF3 cells expressing 
YFP labelled FcαRI-S263A (FL-1 positive cells) and FcαRI-S263D (FL-1/FL-2 negative cells) mixed in a 1:1 ratio 
and stained with CD89-A supernatant and with anti-mIg-PE or with anti-mIg-PE only. For analysis, FL-1 
negative, (FcαRI-S263D) and FL-1 positive (YFP labelled FcαRI-S263A) were gated and separately plotted in 
FACS histograms. FL-2 staining, indicative for CD89-A staining, is indicated in FACS histograms (n=2). B) 
Transiently transfected FcαRI-S263A 293T cells were stained with FcαRI-A59 antibody or with CD89-A 
supernatant. Untransfected cells served as negative control (n=2). C) Staining of whole blood, depicted in FACS 
histograms, with CD89-A4 mAb or CD89-A5 mAb (right part). Indicated cell types were gated (left part), based 
on FSC and SSC, G=granulocytes, M= monocytes and L= lymphocytes. Staining with FcαRI A59 served as 
positive control for FcαRI. Black filled histograms represents negative controls (staining with mIgG1  control 
antibody) (n=3). D) CD89-A4 or CD89-A5 mAb were tested in a ligand binding assay (see experimental 
procedures) to determine if they could interfere with IgA binding. FcαRI-S263A expressing cells were incubated 
with no antibody (-), CD89-A4 mAb, CD89-A5 mAb, mIgG1 (isotype control) or IgA blocking FcαRI-My43 
mAb, used as a blocking control, before addition of cells to IgA-coated plates, untransfected cells served as a 
negative control for IgA binding (n=3). 
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DISCUSSION 
 
Given the strong cellular responses that can be initiated by FcαRI triggering, a controlled 
regulation of receptor activity is beneficial (3, 21-23). Cytokine-induced FcαRI activation 
represents a mechanism to control ligand binding and can be rapidly modulated in response 
to intracellular signals, without effects on receptor expression levels. To investigate 
whether cytokine-induced FcαRI ligand binding capacity involves receptor changes, we 
assessed whether the extracellular domain adopts a conformational change, such as found 
for integrins (24). This may well correlate with unmasking of specific epitope(s), as found 
for the β2-integrin Mac-1 (25, 26). The FcαRI ectodomain is composed of two 
immunoglobulin-like domains oriented at approximately 90° relative to each other, with no 
significant change in this angle upon IgA binding (13, 15-17). However, a number of 
conformational changes have been observed within the FcαRI-EC1 domain (in the D-
strand, DE and FG loop) upon complexation with IgA (13). 
To test our hypothesis, i.e. FcαRI conformational change upon receptor activation, we 
immunized mice with cells expressing FcαRI-S263A, representing a constitutively active 
Fcα receptor with high IgA binding capacity (6). So far, we obtained preliminary results 
from staining with anti-FcαRI immune serum (Fig. 2) that recognized FcαRI-S263A 
transfected cells, and partially lost binding capacity upon IgA binding, and expressed a 
selectively binding pattern to cytokine stimulated eosinophils. Of note, next to FcαRI, 
eosinophils also express FcγRIIa (CD32) which is also known for its increased ligand 
binding capacity upon cytokine stimulation (8). By using negative controls (pre-immune 
serum and purified mIgG), we can exclude that the increased staining to activated 
eosinophils was attributable to mIgG binding to FcγRIIa. However, we cannot exclude the 
possibility that FcαRI-specific murine antibodies bound with their Fab fragments to FcαRI, 
and by their Fc parts to FcγRIIa, a phenomenon first described by R.J. Kurlander (27).  
Supernatant of hybridoma CD89-A recognized FcαRI-S263A cells (Fig. 3A+3B) and bound 
to some extent less well to FcαRI-S263D cells (Fig. 3A). Two CD89-A subclones (CD89-A4 
and -A5) recognized granulocytes and monocytes but not lymphocytes, as shown with the 
positive control (anti-FcαRI antibody, A59) (Fig. 3C). Staining of monocytes with the 
CD89-A antibodies was low compared to staining with the FcαRI-A59 antibody; perhaps 
priming of monocytes is required for recognition by the CD89-A antibodies.  
Furthermore, subclone CD89-A4 decreased the ligand binding capacity of FcαRI-S263A 
cells (Fig. 3D). Additional experiments are needed to determine whether these antibodies 
display different FcαRI specific recognition patterns upon cell stimulation. At present we 
are characterizing these two mAb, and in addition also other generated FcαRI-A antibodies 
for FcαRI specificity and difference in recognition of FcαRI on non-stimulated and 
stimulated cells.  
The motive for generation new FcαRI antibodies, despite the existence of a panel of FcαRI 
antibodies is that the FcαRI proteins used to raise all presently known antibodies, are not in 
an active state (2, 18, 20, 28). In this study, we injected intact cells transfected with a 
constitutively active FcαRI. By this approach, we aimed to obtain antibodies recognizing a 
specific epitope, representative for active Fcα-receptor. 
For integrins, a conformational change upon stimulation has been well documented (24-26) 
and has been demonstrated by fluorescence resonance energy transfer, change in protease 
sensitivity and electron microscopy (29-31). A fully activated Mac-1 (β2-integrin) exposes 
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a specific epitope exclusively recognized by the CMBR1/5 antibody, and a change in its 
conformation has been suggested within the ligand binding I-domain (inserted domain) 
itself rather than a shift of the I-domain relative to other domains (25, 26).  
FcαRI, like integrins, requires activation for efficient ligand binding and we propose that 
not only avidity, but also receptor affinity may play a role in this process, possibly by 
adopting a different conformation. If we are successful in generating FcαRI activation-
specific antibodies, characterization of such antibodies would help to asses whether a 
conformational difference exists between non-activated and activated FcαRI and may 
represent a useful tool to further investigate the mechanisms involved in FcαRI functioning 
under various physiological and clinical conditions.  
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Chapter 7 

FcαRI characteristics 
The receptor for IgA, or FcαRI, has recently drawn increased attention. Typical features of 
this receptor are: 1) binding of its ligand by the extracellular Ig-like domain 1 and its 2:1 
receptor:ligand stoichiometry, which is distinct from other leukocyte Fc receptors, 2) its 
low affinity for monomeric IgA, versus higher affinity for IgA dimers and IgA immune 
complexes, which involves inside-out signaling, 3) its unique transmembrane association 
with the FcR γ-chain homodimer needed for cellular functions, termed outside-in signaling, 
4) the existence of an “orphan” FcαRI, not associated with the FcR γ-chain, which is still 
capable of triggering (several) biological functions, 5) its characteristics to function both as 
an activating and as an inhibitory, or apoptosis inducing receptor, 6) its potential as a target 
for antibody therapy, and 7) in contrast to other leukocyte Fc receptors, its apparent absence 
in mice. 
 
Notably, most FcαRI research has been focussed on the receptors found in complex with 
the ITAM (immunoreceptor tyrosine-based activation motif)-bearing FcR γ-chains. This is 
understandable, since over the past years activating signals originating from intracellular 
ITAMs have been found crucial for coupling FcR to cellular activation. Furthermore, 
studies in hFcαRI Tg crossed with mice deficient in the FcR γ-chain (γ-/-) have shown a 
clear necessity of the FcR γ-chain for hFcαRI functioning, since hFcαRI failed to be 
expressed in the absence of FcR γ-chain (1, 2). Additionally, it was recently shown that 
besides FcαRI activatory functions, FcαRI also exhibits inhibitory capacity, that depends 
on ITAM as well (3, 4). A role for the FcαRI α-chain has been reported some years ago but 
is still poorly understood (5-8). In the present thesis we focussed on FcR γ-chain 
independent functions mediated by FcαRI α-chain.  
 
Chapter 2 further addresses the FcαRI α-chain in complex with FcR γ-chains. FcαRI is 
unique in its interaction with the common FcR γ-chain, since it is based on a positively 
charged residue at position 209, which associates with a negatively charged amino acid 
within the FcR γ-chain. This interaction is distinct from that found in other Fc receptors. 
We explored the importance of the position of the transmembrane positively charged 
residue within human FcαRI for FcR γ-chain association and receptor functioning. We 
found that not only the presence of a positive charge within the FcαRI transmembrane 
region is essential, but also its relative orientation towards the FcR γ-chain homodimer. 
This observation and the recent findings by others that also other FcR γ-chain residues at 
the interface of the cytoplasmic and transmembrane domains affect FcαRI association, 
surface expression and function (9), further defined our understanding of the molecular 
basis of the FcαRI-FcR γ-chain interaction. These data emphasize that FcαRI is not simply 
tethered to FcR γ-chain solely via intramembrane salt bridges, but a more extensive 
interface exists between the transmembrane helices of FcαRI and the FcR γ-chain dimer. 
 
This association was not only important for initiation of activatory cellular responses upon 
engagement of IgA-immune complexes. It was observed that monomeric IgA (targeting 
FcαRI) could evoke “inhibitory” signals, by the same (ITAM bearing) FcαRI, which may 
abrogate signaling by other (activating) Fc receptors, thereby “dampening” activating 
immune responses. In this context, monomeric IgA binding to FcαRI may inhibit 
inflammatory processes (in Ig-immune complex mediated auto-immune diseases or 
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diseases like asthma) characterized by over-active immune responses (10). Furthermore, 
IgA’s presence in IVIg (intravenous immunoglobulin, consist mainly of IgG) may, in 
theory, affect IVIg treatment in inflammatory diseases by its dampening effect on other Fc 
receptors (11). In addition to inhibitory functions, FcαRI may also trigger apoptosis of 
FcαRI bearing cells (again dependent on ITAM), which seems dependent on a “correct” 
physiological context. Such a required “apoptosis inducing" milieu may in fact make sense, 
as FcαRI expressing leukocytes may continuously encounter monomeric serum IgA in 
peripheral blood. Notably, myeloid leukemic cells have been shown sensitive to killing by 
FcαRI induced apoptosis (4). 
Other ITAM-containing signaling subunits associating with Fc receptor α-chains are the 
FcRβ and CD3ζ chain (12). We are currently addressing the possibility that the FcR β-
chain can associate with FcαRI complexes, based on studies of the murine PIR-A receptor 
(Paired Ig-like receptor-A). This murine receptor is a sequence analogue of FcαRI 
(although IgA binding has not been shown for PIR-A), and is found expressed in complex 
with the FcR γ-chain, as well as with the FcR β-chain (13). Both a transmembrane arginine 
(positively charged a.a.) and a glutamate (negatively charged a.a.) play an important role in 
subunit association with PIR-A. FcαRI bears the arginine 209 which is crucial for FcR γ-
chain association (14), but interestingly also contains a negatively charged glutamate 
(Fig.1). The β-chain, originally described in complex with the FcεRI on mast cells, 
functions as an “amplifier” of FcεRI-FcR γ-chain signaling (15-17). It is a challenging 
thought that this might also be true for FcαRI, i.e. the existence of an FcαRI-FcRβ-γ 
complex that may amplify FcαRI signals in certain cell types. 
 

 
 
Figure 1. Alignment of amino acid sequences of FcαRI and PIR-A. Predicted receptor transmembrane regions 
according to (13). Charged amino acids are indicated by circled symbols. Associating subunits are indicated for 
both receptors. 
 
Another putative “motif” can be identified within the FcαRI α-chain transmembrane 
domain, based on the FcαRI amino acid sequence (Fig. 2A). The amino acid stretch 220-
224 (LLAIL) resembles a dileucine motif, a mayor class of endosomal-lysosomal sorting 
signals (18). Such a putative dileucine motif seems conserved in FcαRI of several species 
(i.e primates, horses, cows and rats). A similar dileucine motif (LLKIL) within the 
chemokine receptor 2, (CXCR2) is involved in AP-2 (Adaptor Protein-2, component of 
clathrin coats) binding and CXCR2 internalization (19-21). Notably, the lysine (K) within 
this motif (not present in the putative FcαRI dileucine motif) appears to be of no 
importance (21). Mutating the first two leucine’s (resulting in AAAIL) within FcαRI 
diminished receptor internalization, as shown in Figure 2B, whereas FcαRI surface 
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expression was similar between wild-type and mutant receptor (data not shown). 
Remarkably, the putative dileucine motif is located within the predicted FcαRI 
transmembrane region, in contrast to dileucine motifs described in literature that are located 
intracellularly (18). Thus this may reflect the possibility that the predicted FcαRI 
transmembrane domain is shorter (or different) than presently considered. Additional 
studies are required, to further define the potential relevance of this motif for FcαRI. 
Interestingly, FcαRI internalization has been shown to occur independently of the FcR γ-
chain (6, 7), which would fit with our hypothesis that such a motif in the α-chain is 
involved in this receptor activity. 
 

 
 
Figure 2. Impact of di-leucine motif within FcαRI transmembrane region on receptor internalization. A) 
Amino acid sequence (206-266) of human FcαRI, indicated are parts of the transmembrane domain, cytoplasmic 
region and a potential di-leucine motif. B) Internalization of FcαRI wildtype (LLAIL) and an FcαRI mutant 
(AAAIL). Experimental procedure is described in (22). Briefly, cells were cross-linked with anti-FcαRI A59 mAb 
and goat F(ab’)2 anti-mouse IgG1 antibodies. Samples were split and one sample was kept at 4°C to measure FcαRI 
total surface expression. The other sample was incubated at 37°C for 30 min. Surface FcαRI expression levels 
were measured by staining the retained surface receptors with a third antibody (RαG-IgG(H+L)-FITC on a FACS 
Calibur. FcαRI internalization in the 37°C samples was expressed as percentage of total FcαRI measured at 4°C. 
Internalization of FcαRI wildtype receptor was set at 100% (n=3). 
 
Another FcR γ-chain independent function, cytokine-induced FcαRI activation or FcαRI 
inside-out signaling was further studied in Chapters 3 and 4. This process refers to an 
enhanced FcαRI ligand binding capacity upon cytokine stimulation, without affecting 
receptor expression. Earlier studies demonstrated a requirement in this process for the 
FcαRI α-chain intracellular domain, but not for FcR γ-chain (5, 23-25). In particular an 
intracellular serine (S263) and an intact cytoskeleton were found required for switching the 
receptor from an inactive to an active state, capable of IgA binding. Phosphorylation of the 
FcαRI intracellular tail has been linked to receptor inactivity (5, 24, 25).  
 
In Chapter 3 we searched for proteins interacting with FcαRI intracellular domain by 
yeast two-hybrid screens and identified the serine/threonine phosphatase, Protein 
Phosphatase 2A (PP2A), to be involved in FcαRI activation by inside-out signaling. PP2A 
was shown to play a role in regulating FcαRI ligand binding and in dephosphorylation of 
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its intracellular tail. We demonstrate furthermore, by use of a newly generated FcαRI-
phosphorylation-specific Serine 263 antibody, FcαRI inactivity to correlate with FcαRI 
serine 263 phosphorylation and suggested PP2A involvement. PP2A regulation in cytokine-
induced FcαRI activation was indicated by enhanced phosphatase activity upon cytokine 
stimulation and by incapability of PP2A to bind with constitutively active FcαRI in yeast. 
Furthermore, we observed as a consequence of PP2A involvement in ligand binding that 
phagocytosis of IgA opsonized bacteria was affected. The IgA:FcαRI system has presently 
been shown to be important in the clearance of various pathogens and in providing 
protection from systemic and mucosal infections, both in vitro and in transgenic mouse 
models (26, 27). Modulation of FcαRI activity by PP2A, does not only provide a better 
understanding of the molecular mechanisms of FcαRI inside-out signaling, but also points 
at the relevance of PP2A in FcαRI mediated immunity.  
 
In Chapter 4, the serine/threonine kinase Glycogen synthase kinase 3 (GSK3) was 
identified to be involved in suppression of FcαRI activity. In resting cells, GSK3 is 
constitutively active, but kinase activity was inhibited upon cytokine stimulation by the 
PI3K-PKCζ pathway. Lateral mobility of FcαRI was furthermore demonstrated upon 
cytokine stimulation, implicating avidity to play a role in enhanced FcαRI ligand binding 
capacity. GSK3 is an unconventional kinase in substrate recognition, in that it needs pre-
phosphorylation (priming) of its substrate and –thus- requires a “priming” kinase. SxxxpS 
(Serine xxx phosphorylated Serine, x= any amino acid), preferably followed by a proline 
(P), represents the standard motif recognized by GSK3, whereby the first serine is 
phosphorylated by GSK3 and the second serine represents the priming site. However, some 
substrates do not follow this motif (or do not require pre-phosphorylation) (28, 29). It is 
unknown whether FcαRI pre-phosphorylation is necessary or what the exact GSK3 
phosphorylation recognition motif is in FcαRI. The phosphorylation recognition motif 
(K/R)-(R/x )-X-S, x=any amino acid) can be phosphorylated by p21-Activated Kinases 
(PAK) (30). FcαRI contains two amino acid stretches that match these criteria (KEAS 236-

239 and RTPS 260-263), the latter including serine 263. It is -thus- tempting to speculate that 
PAK may be implicated in priming. 
 
The balance of cellular signaling (e.g. FcαRI activation and inactivation) is paralleled by 
phosphatase and kinase activities, with kinases as regulators and phosphatases as 
constitutively active proteins. The key role of kinases underlies the considerable effort to 
develop kinase based therapeutic agents (31, 32). In the past few years interest for 
phosphatases as therapeutic target has emerged as well (33-35). The activity of PP2A, for 
example, is regulated by assembly of subunits to the core enzyme, phosphorylation and 
methylation of the catalytic subunits. Deregulation of PP2A activity has been associated 
with multiple diseases, including a number of cancers, Alzheimer’s disease, and increased 
susceptibility to pathogen infections (36-43). Future work on regulation and involvement of 
PP2A, GSK-3, and potentially new downstream effectors may well catalyze the 
development of novel strategies to modulate FcαRI activity for therapeutic purposes.  
 
In Chapter 5 we document JAB1 to interact with the FcαRI intracellular domain in yeast 
two-hybrid screens. JAB1 or CNS (COP9 signalosome) subunit 5, was found to be 
important in modulation of FcαR-FcR γ-chain complex turnover. JAB1, initially described 
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as co-activator of c-Jun mediated transcription (44), binds the FcαRI intracellular domain. 
No role for JAB1 was observed in FcαRI induced gene transcription. JAB1, however, was 
shown involved in FcαRI and FcR γ-chain protein turnover. This may well affect 
stabilization of newly synthesized FcαRI-FcR γ-chain complexes within the Endoplasmatic 
Reticulum (ER). Previously it has been described that FcR-FcR γ-chain complex formation 
occurs within the ER and that lack of association leads to rapid degradation in the ER (45, 
46). Within the ER, binding of JAB1 to the immature LHR promotes degradation of this 
immature receptor (47). Furthermore, JAB1 also mediates p27KIP1 (a cyclin-dependent 
kinase inhibitor) degradation (48, 49) and enhancement of HIF-1α protein levels (50).  
The role of JAB1 in FcαRI-FcR γ-chain functioning deserves to be further addressed in 
molecular and cell biological studies. These may include protein degradation assays, 
receptor pulse-chase experiments, replenishment studies of FcαRI on the cell membrane 
and evaluation of the role of ubiquitination. The latter may involve a conserved JAMM 
(JAB1/PAD1/MPN/Mov34 metalloenzyme) motif within JAB1 and could affect FcαRI-
FcR γ-chain protein levels by modulation of ubiquitinylation (51, 52). Ubiquitin is both a 
well known degradation, as well as sorting determinant (18). The JAMM motif lies within 
the so-called MPN domain (Mpr1p Pad1p N-terminal), typically present in the N-terminus 
of proteins (Fig. 3A). This domain shares sequence homology with for example subunits of 
the 19S proteasome lid subunit POH1/Rpn11. The precise functions of MPN domains are 
unknown, but they mediate protein-protein interactions. The JAMM motif within Rpn11 
and JAB1 underlies ubiquitin isopeptidase activities intrinsic to the proteasome and COP9 
signalosome respectively (51). JAB1 has also been implicated in catalyzing the hydrolytic 
removal of ubiquitin-like proteins, such as Nedd8, from target proteins (e.g. Cul1-subunit 
of SCF E3-ligase) by its metalloprotease activity (53). A zinc-binding motif amino acid 
consensus, i.e E-Xn-H-X-H-X7-S-X2-D (where X indicates any residue), has been described 
for most JAMM domains. Two histidines separated by 1 amino acid and an upstream 
glutamate are shared in most JAMM motifs. FcαRI also contains an E-Xn-H-X-H-X7-S-X2-
D motif (Fig. 3B), the significance of which is unclear. 
 

 
 
Figure 3. Schematic representation JAB1.  A) Key amino acids within the JAMM motif are depicted within the 
MPN domain of the JAB1 protein. B) Amino acid alignment of predicted FcαRI cytosolic domain and JAB1. 
Putative JAMM motif as indicated in bold and underlined. 
 
JAB1 has also been found to bind the CD18 subunit or β2 subunit of LFA-1, and functions 
as a co-activator of c-Jun mediated transcription (54). It has been demonstrated that JAB1 
dissociates from the phosphorylated LFA-1 upon LFA-1 triggering, and translocates to the 
nucleus to modulate transcription. We recently showed in our laboratory that absence of the 
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β2-integrin Mac-1 (which shares the same CD18 subunit) abrogated FcαRI targeted ADCC 
due to impaired immunological synapse formation (55). The functional co-operation of 
FcαRI and Mac-1 was hypothesized to be attributable to a physiological interaction 
between both transmembrane receptors. A physiological interaction, however, could not be 
shown despite extensive efforts. In view of the LFA-1 data, it is tempting to speculate that 
JAB1 may act as an adaptor for both transmembrane receptors. To test JAB1 association to 
Mac-1, we performed co-immunoprecipitations of cells only overexpressing Mac-1, and 
observed a physical interaction between endogenous JAB1 and Mac-1, similar to LFA-1, as 
previously described (54). The JAB1 experiments described in Chapter 5 were performed in 
cell lines (3T3 and BaF3) not expressing Mac-1. 
In Chapter 6 we hypothesized cytokine-induced FcαRI ligand binding capacity to be 
accompanied by a conformational change within FcαRI, as described for integrins. In this 
way not only avidity (Chapter 4) but also affinity may play a role in FcαRI inside-out 
signaling. Generating a monoclonal antibody, which displays a different FcαRI-specific 
recognition pattern upon cytokine stimulation, would be supportive of our hypothesis. Such 
an antibody could, furthermore, be a helpful tool to further address the mechanisms 
underlying FcαRI functioning, e.g. studying FcαRI activation in vitro and in vivo. 
 
FcαRI cytosolic domain and (putative) binding partners 
A model is proposed in Figure 4 for cytokine-induced FcαRI functioning, implicating the 
new findings described in Chapters 3, 4 and 6. FcαRI is inactive in unstimulated cells, 
correlating with serine 263 phosphorylation. GSK3, a constitutively active serine/threonine 
kinase, may be involved in receptor phosphorylation. PAK, also a serine/threonine kinase, 
may serve as “priming” kinase, albeit that experimental data underlining such a role are 
presently lacking. GSK3 activity triggers FcαRI phosphorylation, leading to an inactive 
receptor, unable to bind IgA immune complexes. The counterpart of this kinase activity is 
dephosphorylation induced by PP2A. This serine/threonine phosphatase binds inactive 
receptors, but is not operational in unstimulated cells. Upon cytokine stimulation, e.g. 
during an inflammatory response, GSK3 is serine phosphorylated by the PI3K-PKCζ 
pathway, leading to GSK3 inactivation. PP2A, however, becomes activated upon cytokine 
stimulation, resulting in FcαRI serine 263 dephosphorylation and subsequent dissociation 
from the receptor. Receptor activation is accompanied by a change in ligand binding 
capacity, due to changes in receptor avidity, and is possibly accompanied by 
conformational changes within FcαRI. The end result is a fully activated receptor, capable 
of binding IgA-immune complexes and initiation of downstream signaling. 
 
Concluding remarks 
The present work lead to a better insight in IgA receptor complex formation, FcαRI protein 
turnover and cytokine-induced FcαRI activation.  
Thorough understanding of the role of IgA and its receptor will contribute to our insight in 
both normal and pathological immunity. These novel findings and future work contributing 
to the IgA receptor biology may furthermore unravel the complexity of FcαRI signaling 
and regulation and may well catalyze the development of novel strategies to modulate 
FcαRI function for immunotherapy. 
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Figure 4. Model for cytokine induced FcαRI. This model implicates new findings described in Chapter 3, 4 and 
6 in cytokine induced FcαRI activation. 1) FcαRI is inactive in unstimulated cells, correlated with intracellular 
serine 263 phosphorylation by GSK3 (keeping the receptor inactive, and unable to bind IgA immune complexes). 
PAK may be implicated as “priming” kinase. The serine/threonine phosphatase, PP2A, is indicated as a potential 
counterpart of kinase activity. PP2A binds to inactive receptors but is not active in unstimulated cells. 2) Upon 
cytokine stimulation, the ligand binding capacity of FcαRI is increased, involving GSK3 inactivation by the PI3K-
PKCζ pathway, PP2A activation possibly resulting in FcαRI serine 263 dephosphorylation and subsequent 
dissociation from the receptor. Receptor activation is accompanied by enhanced receptor avidity, and may be 
paralleled by a conformational change within FcαRI (affecting receptor affinity). The end result being a fully 
activated receptor capable of binding IgA-immune complexes and triggering subsequent down stream signaling. 
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Biologie van de IgA receptor, FcαRI 

Immunologie is de leer van het afweersysteem. Dit systeem heeft als taak ons lichaam te 
verdedigen tegen ziekten. Deze kunnen worden veroorzaakt door micro-organismen zoals 
bacteriën, schimmels en virussen, maar ook kankercellen als ontspoorde lichaamseigen 
cellen. Ons afweersysteem is opgebouwd uit verschillende componenten, een niet-
specifieke (innate of aangeboren) en een specifieke (adaptieve of aangepaste) afweer. De 
niet-specifieke afweer is de eerste afweer tegen infectie door fagocyten (zoals macrofagen 
en neutrofielen, i.e cellulaire afweer), maar ook onze huid vormt een eerste verdedigings 
linie tegen micro-organismen. Niet alle infectieuze organismen worden geëlimineerd door 
dit afweersysteem of worden niet herkend en dus niet geëlimineerd. Hiervoor hebben wij 
een specifieke afweer bestaand uit lymphocyten (T en B cellen, i.e cellulaire afweer) die 
ons niet alleen beschermen tegen organismen die door de eerste linie zijn heengebroken of 
niet herkend zijn, maar ons ook beschermen tegen terugkerende infecties doordat dit 
afweersysteem een “geheugen” heeft. Ondanks het niet-specifieke van de 
innate/aangeboren afweer is deze van groot belang, omdat het de eerste dagen de infectie in 
bedwang houdt, terwijl de specifieke afweer “pas” na 4-5 dagen begint.  
Een belangrijk resultaat van de specifieke afweer is de productie van antistoffen of 
immunoglobulines (Ig) door B-cellen na een complexe interactie met T cellen. Deze vorm 
van antistof gemedieerde afweer wordt ook wel de humorale afweer genoemd. Deze 
eiwitten kunnen specifiek micro-organismen herkennen en kunnen daardoor helpen met het 
vernietigen van deze binnendringers, bovendien blijven deze antistoffen circuleren en 
zorgen voor bescherming tegen terugkerende infecties (geheugen van het afweer systeem). 
Dit laatste mechanisme wordt gebruikt in vaccinaties (antistof productie opbouwen tegen 
het vaccin, meestal een afgezwakt of dood micro-organisme). Wanneer er geen of 
onvoldoende antistoffen worden geproduceerd door de specifieke afweer kunnen mensen 
bezwijken aan infecties indien ze niet behandeld worden.  
Elke B cel produceert een unieke antistof en herkent met zijn antigeen-bindend fragment 
een specifiek antigeen (deel van micro-organisme waar het antistof tegen opgewekt is 
(Antigen = generate antibodies, zie ook figuur 1A in Hoofdstuk 1). In totaal kan elk mens 
ongeveer 100 miljoen verschillende antistoffen maken, nodig om de grote variatie aan 
micro-organismen te herkennen. Antistoffen werken op verschillende manieren mee aan de 
afweer van het immune systeem. Dit kan door neutralisatie van micro-organismen of de 
uitgescheiden toxische stoffen. Anderzijds kunnen antistoffen die reageren met micro-
organismen fungeren als herkenningspunt voor andere componenten van de niet-specifieke 
afweer, hiertoe behoren eiwitten van het complement systeem (geproduceerd door de lever 
en de fagocyten (cellen van de niet-specifieke afweer, zoals macrofagen en neutrofielen). 
Hiermee wordt duidelijk dat antistoffen een brug vormen tussen de specifieke en niet-
specifieke afweer waarbij het constante gedeelte van de antistof of Fc-fragment/domein (de 
“staart” van een antistof, zie ook figuur 1A van hoofdstuk 1) herkend wordt door beide 
systemen. Gebaseerd op hun type Fc-fragment zijn er vijf typen antistof, dit zijn IgA, IgD, 
IgE, IgG en IgM, waarvan IgG en IgA de meest voorkomende antistoffen zijn. Cellen van 
het immmuun systeem herkennen het Fc-fragment van antistoffen door middel van 
receptoren, deze worden Fc-receptoren of FcR genoemd. Cellen die door middel van hun 
Fc-receptoren een antistof-antigeen complex (immuun complex, dit kan een bacterie zijn 
die herkent wordt door een antistof) herkennen kunnen een scala aan cellulaire functies 
activeren met als doel om het immune complex (infectie/ontsteking) te bestrijden ook wel 
anti-ontstekings reactie genoemd. 
Het onderzoek beschreven in dit proefschrift was gericht op de Fc receptor voor de antistof 
IgA of ook wel FcαRI (Fcα receptor I) genoemd. Aangezien voor lange tijd werd aan 
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genomen dat de IgA antistof niet in staat was om een anti-ontstekings reactie te activeren 
lag de focus van Fc receptor onderzoek voornamelijk op IgG en de bijbehorende Fcγ 
receptors gericht. Inmiddels is bekend dat een IgA-immuun complex wel degelijk cellulaire 
activatie kan initeren via FcαRI en is een inhaal slag begonnen om ook deze receptor beter 
in kaart te brengen.  
FcαRI is the klassieke receptor voor IgA, welke in verschillende vormen voor kan komen, 
in bloed komt IgA in monomere vorm voor en in mucosale secreties als secretaire vorm 
voor (zie ook figuur 1A en 1C van hoofdstuk 1). Micro-organismen herkend door IgA, 
vormen een IgA-immune complexen die vervolgens door FcαRI op immune cellen kunnen 
worden herkend en activeren deze cellen tot een immune respons. Afhankelijk van het 
celtype en IgA-immune complex kunnen verschillende cellulaire reacties plaats vinden. 
Cellen kunnen bijvoorbeeld toxische stoffen uitscheiden om zo de infectieuze micro-
organismen te elimineren maar kan ook het IgA-immune complex opnemen (endocytosis of 
fagocytosis) en in de cel afbreken. Stukjes van het complex (antigeen) kunnen vervolgens 
op het cel oppervlakte worden gepresenteerd (antigeen presentatie) aan T cellen waarmee 
de specifieke afweer geactiveerd wordt. Modulatie of beïnvloeding van deze immune 
respons wordt immunotherapie genoemd. Een beter inzicht in de werking van FcαRI kan 
bijdrage aan (antistof gemedieerde) immunotherapie en op de lange duur bijdragen aan 
behandeling van ziekten waarbij FcαRI een rol speelt.  
Het binden/herkennen van een IgA wordt gedaan door een transmembraan FcαRI α-keten 
en wordt ligand binding genoemd. Deze α-keten is (meestal) geassocieerd met een signaal 
transductie keten, ook wel FcR γ-keten genoemd. Deze laatste is kan ook associëren met 
andere typen Fc receptoren. Herkenning van een IgA-immune complex, resulterend in 
clusteren van meerdere Fcα receptoren, en start een sigaal binnen in de cel (ook wel signaal 
transductie genoemd) die (voornamelijk) via de FcR γ-keten verloopt. Deze FcR γ-keten 
bevat een specifiek motief dat herkend wordt door signaal transductie eiwitten en deze 
ketens kunnen activeren (door fosforylering van het motief). Dit resulteert uiteindelijk in 
aktivatie van cellulaire reacties waardoor bijvoorbeeld het celskelet van de cel dusdanig 
wordt aangepast dat het een micro-organismen kan opnemen en elimineren (fagocytose), 
ook kan de cel worden aangezet om bepaalde mediatoren te maken die onstekingen kunnen 
remmen of om andere cellen te activeren, die nodig zijn in de immuun respons. In dit 
proefschrift hebben we in Hoofdstuk 2 gekeken naar de interactie van de FcαRI α-keten 
met de signalerende subunit (FcR γ-keten). Uit het verleden was a bekend dat dit een 
transmembraan interactie was en dat het gebaseerd is op twee tegenovergestelde geladen 
aminozuren. Wij hebben onderzocht hoe flexibel dit complex is: is de FcαRI α-keten in 
staat om zich te draaien om zijn as, indien de positieve lading verschoven wordt? Door 
middel van zijwaartse en verticale verschuivingen van de positieve lading hebben wij 
kunnen vaststellen dat de positie van de twee ketens (FcαRI α-keten en FcR γ-keten) ten 
opzichte van elkaar belangrijk is. Verticale verschuiving van de positieve lading in FcαRI 
transmembraan gedeelte beïnvloedde niet de interactie met de FcR γ-keten en (dus) ook niet 
de functie van FcαRI. Dit in tegenstelling tot een zijwaartse verschuiving van de positieve 
lading, dit resulteerde in een verbroken interactie met de FcR γ-keten en in functioneel 
verlies van de receptor. Deze resultaten impliceren dat binnen het complex, de α-keten en 
γ-keten niet vrij kunnen roteren om een functionele interactie aan te gaan en suggereert dat 
de interactie niet alleen gebaseerd is op de tegenovergestelde ladingen van de twee ketens 
maar dat er meerdere interacties een rol kunnen spelen. 
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In Hoofdstuk 3 en 4 is onderzoek gedaan naar het moleculaire mechanisme van het 
binden/herkennen van een IgA (-Immune complex) door de FcαRI α-keten aan de 
buitenkant van de cel, ofwel ligand binding. Voor het binden van een IgA is aktivatie van 
de receptor nodig, deze aktivatie kan geïnduceerd worden door cytokines (eiwitten gemaakt 
door cellen die het gedrag van andere cellen kan beïnvloeden). De belangrijkheid van 
regulatie van FcαRI activiteit wordt onderschreven door de observatie dat cellen van 
allergische astmatische patiënten Fcα receptoren tot expressie brengen die ongecontroleerd 
aan staan. 
Al bekend was dat de intracellulaire staart van FcαRI onmisbaar is voor het aan en uit 
zetten van de receptor en dat modificatie (fosforylering) van de staart daarbij een rol speelt. 
In Hoofdstuk 3 beschrijven we gedetailleerd hoe modificatie van de staart van de receptor 
correleert met receptor activiteit. Verder beschrijven we hier hoe een eiwit, PP2A, die bindt 
aan de staart (binnenkant) van de FcαRI betrokken is bij het aanzetten of activeren van de 
receptor door betrokken te zijn bij het weghalen van de modificatie waardoor de receptor 
actief wordt. In Hoofdstuk 4 beschrijven een eiwit (GSK-3) dat juist betrokken is bij het 
modificeren van de staart van FcαRI en dus het uitzetten van de receptor. Eveneens wordt 
in dit hoofdstuk beschreven dat de actieve receptor beweeglijk wordt door cytokine 
stimulatie waar door meerdere IgA’s gebonden kunnen worden, dit wordt “aviditeit” van 
een receptor genoemd. 
Hoofdstuk 5 beschrijft een tweede eiwit (JAB1) dat bindt aan de staart van de Fcα-receptor 
en betrokken is bij de regulatie van de expressie van de receptor zelf, waarschijnlijk in 
complex met FcR γ-keten. Wat het moleculaire mechanisme achter deze bevindingen is en 
de functionele relevantie wordt nog uitgezocht. 
In hoofdstuk 6 wordt een hypothese geponeerd waarmee we willen aantonen dat niet alleen 
aviditeit (het samenbrengen van receptoren door zijwaartse bewegingen) maar ook affiniteit 
een rol speelt bij IgA binding. Met affiniteit wordt bedoeld dat door verandering in de 
receptor zelf deze beter in staat is om zijn ligand te binden, hiervoor is geen zijwaartse 
bewegingen nodig. We poneren de gedachte, gebaseerd op kristal structuren van FcαRI en 
IgA gebonden FcαRI en aanverwante literatuur, dat de mogelijkheid bestaat dat een 
conformationele verandering van de receptor zelf er (ook) voor zorgt dat de receptor beter 
in staat is om een IgA-immune complex te binden en dat deze (ook) geïnduceerd wordt 
door cytokine stimulatie. Door antistoffen op te wekken tegen een actieve receptor, hopen 
we dat een specifiek epitoop (stuk van FcαRI, dat herkend wordt door de antistof) 
gevonden wordt die gemaskeerd is in een inactieve receptor (en dus niet herkend wordt 
door het antistof) maar herkend wordt in een actieve receptor. Als dit succes vol is, zou dit 
duiden op een conformationele verandering van de receptor na aktivatie ofwel dat affiniteit, 
naast aviditeit, van de receptor een rol speelt in het proces van IgA-immune complex 
binding.  
Samenvattend, laat het werk in dit proefschrift zien dat, 1) de cruciale interactie met de FcR 
γ-keten complexer is dan tot nu toe werd voorgesteld, 2) de intracellulaire domein van de 
Fcα-receptor, naast de essentiële FcR γ-keten interactie, een prominente rol speelt in FcαRI 
functioneren en dat 3) dit niet alleen betrekking heeft op modificatie van de intracellulaire 
domein maar dat dit ook (met name) bewerkstelligd wordt door interactie met andere 
intracellulaire eiwitten. Verder is/wordt onderzocht dat 4) aviditeit en 5) in hoeverre ook 
affiniteit een rol spelen bij het binden van IgA, de eerste stap voor FcαRI gemedieerde 
cellulaire functies. Hiermee heeft dit proefschrift een bijdrage geleverd aan de kennis over 
de Fc receptor voor IgA. Aangezien Fc receptoren een belangrijke component zijn in de 
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immunologische afweer, auto-immuunziekten en in antistof therapie bij bijvoorbeeld 
kanker, kan nieuwe kennis beschreven in dit proefschrift leiden tot betere inzichten in 
ziekten en wellicht ook nieuwe perspectieven biedt voor het verbeteren van therapieën.  
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Dankwoord 

Dan nu echt het allerlaatste wat ik over “mijn” promotie schrijf! Het zou beter tot zijn recht 
komen als er “onze”stond, want de afgelopen 4 ½ jaar heeft een grote groep mensen direct, 
indirect, bewust of onbewust een bijdrage geleverd aan dit proefschrift en daarvoor wil ik 
iedereen bedanken! Een aantal wil ik met een persoonlijk woord bedanken. Mocht ik 
iemand vergeten zijn, dan moet je het mij maar niet kwalijk nemen, je moet maar zo 
denken, het waren haar allerlaatste loodjes........... 
 
Beste Jan, mijn promotor, wat kan ik hier nog schrijven, wat mijn voorgangers nog niet 
gezegd hebben…..ik kan het alleen maar beamen. "Never a dull moment" in onze 
besprekingen, altijd stimulerend en enthousiast, soms voor mij frustrerend omdat ik niet 
meer handen had en het mij niet vlug genoeg kon gaan (ondanks dat alles ”een middagje 
werk” was, iets wat inmiddels een gevleugelde uitspraak is geworden). Dank voor je niet-
aflatende interesse en steun, in alle fasen van mijn AIO-schap, maar ook wat betreft de 
toekomst. 
 
Beste Jeanette, mijn co-promotor, zonder jou geen boekje en geen Dr. voor mij! Dit hele 
boekje is begonnen toen ik nog als analist bij jou werkte en jij een KWF beurs binnen 
haalde, en zonder twijfel mij de kans bood om AIO te worden. Ik twijfelde, niet over jou, 
niet over de inhoud, maar over het AIO-schap voor mijzelf. Nu weet ik dat ik absoluut de 
juiste keuze heb gemaakt. Jeanette, je hebt tijdens mijn onderzoek altijd voor extra handen 
gezorgd, ik kon altijd bij je binnen lopen of e-mailen (wat ik dus ook veelvuldig deed!), niet 
alleen met leuke resultaten maar "soms" ook negatieve data, met modellen en hypotheses, 
ook al wisselde dit soms dagelijks; ik heb dit erg gewaardeerd! Dank voor je vertrouwen en 
enthousiasme, hierdoor hebben we niet alleen dit onderzoek tot een succesvol einde kunnen 
brengen, maar heb je me ook enthousiast gemaakt voor dit onderwerp, ik ga er in 
Amsterdam mee door! 
 
Annie, mijn teamgenoot! We kenden elkaar niet zogoed toen we beide aan dit project 
begonnen maar naar 3 maanden continue op het gistlabje was ons team geboren, wij hadden 
(vaak) aan een half woord genoeg. Ons teamwerk resulteerde niet alleen in de 
wetenschappelijke basis voor veel werk beschreven in dit proefschrift, maar ook voor een 
geweldige samenwerking en veel gelach! Zonder alles te noemen, wil ik je zeggen dat 
zonder jou hulp, inzet en enthousiasme dit proefschrift er een stuk kaler zou hebben uit 
gezien. Succes met je carrière switch en........ Dank je wel! 
 
Dan mijn paranimfen, Marc en Jeffrey, met jullie ben ik opgegroeid op dit lab. Jef (bikkel 
beekman), wat vond ik je eng toen ik bij je begon als analist…..en wat bleek ik slechte 
mensen kennis te hebben! Onder het genot van onze CCLB's heb ik enorm veel van je 
wetenschappelijke kennis en je creativiteit geleerd, ook dit boekje ligt daaraan ten grond 
slag. Marc(oes), met sommige mensen heb je onmiddellijk een klik..(hier bleek mijn 
mensen kennis een stuk beter) en dat is altijd gebleven. Eerst met z’n twee in het middelste 
U'tje (later kwam daar die enge AIO bij, maar goed.), waar je me de ins en outs van het dit 
lab (werk) hebt geleerd en daarna wat meer op afstand, maar altijd tijd voor een lunch of 
een kop koffie. Marc en Jef, dank voor jullie niet aflatende interesse en steun en 1 ding wist 
ik wel zeker toen ik besloot om AIO te worden; mijn paranimfen had ik al gekozen.  
Paul(us), idem dito! Na zessen namen wij de ins and outs van de dag altijd even door...  
werkte lekker relativerend (en op de lach spieren). Ik ben blijven ademhalen………dank! 
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Een aantal andere mensen hebben ook invloed gehad op de richting van mijn onderzoek, 
manier van wetenschappelijk denken en zeker ook voor mijn enthousiasme voor het 
onderzoek. Gestur, van jou kennis, interesse en enthousiasme voor de wetenschap heb ik 
veel geleerd, dank voor al je hulp! Marjolein, met jou hulp had ik een vliegende start met 
het JI paper. Edward Knol en Paul Coffer, mijn AIO-commissie leden, dank voor jullie 
"toezicht van af de zijlijn". Paul, naast de AIO-commissie besprekingen, heb je altijd tijd 
gemaakt om "eens mee te kijken" met mijn experimenten en om mijn manuscripten te 
lezen. Dank hiervoor. Linde, jou input, interesse (wetenschappelijk of niet-
wetenschappelijk) en opbouwende "kritiek" hebben mij enorm geholpen, dank! Leo en 
Henk, dank voor jullie samenwerking over de "ins" van FcαRI. Frank Miedema; ik heb je 
"hoe is het Bakema? " zeer gewaardeerd. 
 
Dit is bijna nog moeilijker dan een boekje schrijven .......er zijn zoveel mensen die ik wil 
bedanken...  
 
Het FcαRI-groepje, Simone en Marielle (rat-FcαRI?), met z'n drieën hard gewerkt om 
FcαRI op de kaart te zetten! Simone, dank voor je input, interesse en soms gewoon even 
"een bakkie doen". Stans, mijn eerste student, met rode wangen toch mooi even Hoofdstuk 
2 ge-Ca-fluxed. Yvonne en Ida, jullie bijdrage staat in hoofdstuk 5. Ida, jij kwam in mijn 
eindtijd, gelukkig liet jij je niet van de wijs brengen en vind je nu ook elk experiment "echt 
heel simpel en een middagje werk". Marco, tot voor kort nooit aan FcαRI gewerkt, maar 
bedankt voor je algemene (FACS) hulp, je bent een fijne collega! Miranda, tussen door toch 
even FcαRI gistwerk gedaan, gaat makkelijker dan γ toch? 
Frans, jij zag het als eerste, en was altijd geïnteresseerd (aan het "dan begrepen ze het vast 
niet" moet ik nog veel aan denken!), dank je wel. Mijn twee buurvrouwen, Joke, mijn 
bench buurvrouw, als vliegende keep ben jij aan het einde van mijn onderzoekstijd 
ingesprongen en hoe, enorm bedankt! Lisette, kamerbuurvrouw voor drie jaar, wat een 
verschil in bureau organisatie hebben wij.......maar toch hebben we bijna een heel jaar 1 
bureau gedeeld en we zien elkaar nog steeds! Eva, samen naar phoenix op congres (en een 
beetje vakantie), samen de eindspurt ingegaan en nu samen feestvieren....was en wordt 
gezellig. Het was fijn om samen met jou dit alles te doen, alleen zullen we waarschijnlijk 
nooit samen naar de bios gaan! Rogier en Kees, dank voor jullie interesse en discussies. 
Kees het was fijn om weer een mede Fc-AIO te hebben en vocale steun tijdens onze 
experimenten. 
 
Alle andere collega’s en oud-collega’s van zowel de tweede als de eerste verdieping 
bedankt voor jullie hulp, politieke partij aspiraties, knipogen, suggesties en gezelligheid.  
 
Saskia en Yvonne, they make the "lab" go round! Als minder administratieve AIO hebben 
jullie mij iedere keer weer geholpen met formulieren (vooral waar ik ze nu weer kon 
vinden), printers, adressen, ect ect  Dank! 
 
Dan mijn niet-wetenschappelijke achterban… 
Els en Henk , Els al 20 jaar door dik en dun, mijn bevalling zit er bijna op, ik hoop dat de 
jouwe niet op de 25ste valt! Dank voor je gezelligheid, steun en begrip! Paul en Ellen, dank 
voor jullie vriendschap, Zoelmond was mijn "rustpuntje". Jessica en Chris, voor jullie beide 
echte zware jaren (geweest) en toch een niet-aflatende interesse in het wel en wee van deze 
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AIO...erg gewaardeerd! O ja, Jessica .....met jou winkel uithoudingsvermogen kun je 
makkelijk een AIO-schap of een studie aan! Louis, Lieneke, Stijn en Keri, ondanks dat ik 
niet "vogel" hoorde ik er altijd bij, dank voor jullie lieve woorden, 22 juni vorig jaar!  
Miranda en Silvester, oud huis en studie genoten! Daar zaten we dan in een rijtjes huis in 
Vleuten of all places, waren leuke (6) jaren!, en veel geleerd over de ins en outs of Utrecht! 
We zijn er in december zeker bij! Ilonka en Ray, (wij gaan ook al een jaar of 8 terug!) Ilon, 
jou bijdrage aan dit boekje moet je niet onderschatten! Verder Evelien, Roel, Marjolein en 
Rob, dank voor de (Michelin ster) etentjes, ook in een week voor deadlines (moet kunnen!). 
Wij gaan nu ook weer "echt" koken... 
 
Mijn thuisfront… 
Graag wil ik ook mijn schoonvader en schoonmoeder, Margreet en Rogier bedanken voor 
hun niet-aflatende interesse. Het is toch erg makkelijk je schoonfamilie in de buurt te 
hebben, dank voor alle keren dat we “laat” waren en zo konden aanschuiven. Rogier, 
zwager, buurman, dude!, bij jou stond de “koffie (of de ouzo!) altijd klaar"....en je weet het 
als we verhuizen pakken we jou ook in! 
 
Lieve broers, Menno en Klaas-Jan, jullie zijn mijn twee grote vrienden (niet te emotioneel 
daar kunnen we niet tegen!), geweldig dat jullie er altijd voor mij zijn. (viel mee toch?) 
Muriël, superfijn dat jij het vriendinnetje erbij bent! 
 
Lieve Pap en Mam, dit is het dan.....weten jullie nog de kaart die jullie mij stuurde 4½ jaar 
geleden ...ik ben naar de overkant gezwommen en hoe! Jullie rotsvast vertrouwen in mij 
van jongs af aan, maakte het mij een stuk makkelijker zwemmen! 
 
Lieve Arjan, een dikke zoen voor al je steun en liefde. Met en door jou heb ik nu een boekje 
waar ik trots op ben! Nu eerst samen dit boekje vieren in Australië! Ik heb er zin in! 
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Abbreviations 
 

a.a   amino acid 
ADCC    antibody dependent cellular cytotoxicity   
AP-1    activator protein-1   
AP-2    adaptor protein-2, component of clathrin coats   
β-gal   β-galactosidase    
BsAb   bispecific antibodies    
BSA   bovine serum albumine   
cDNA    complementary DNA    
CDR    complementary-determining region    
CNS   COP9 signalosome   
CR3    complement receptor 3    
CXCR2   chemokine receptor 2   
CY    cytosolic domain    
DC    dendritic cell    
dIgA   dimeric IgA   
EC   extracellular domain 
ECL    enhanced chemiluminescence    
ER   endoplasmatic Reticulum    
ERK    extracellular –regulated kinase    
Fab   antigen binding fragment 
FACS   fluorescence-activated cell sorter   
Fc domain  constant/crystallisable fragment or domain  
FcR   Fc receptor   
FcRn    neonatal Fc receptor    
FCS   foetal calf serum   
FITC   fluorescein isothiocyanate   
FRAP   fluorescence recovery after photobleaching   
G-CSF   granulocyte colony stimulating factor    
GM-CSF  granulocyte macrophage colony stimulating factor   
GSK3    glycogen synthase kinase 3   
HRP   horse radish peroxidase   
Ig   immunoglobulin 
IgAN   IgA nephropathy  
IL   interleukin   
IRES   internal ribosome entry site   
ITAM   immunoreceptor tyrosine based activation motif 
JAB1   c-Jun activating binding protein 1    
JAMM   JAB1/MPN/Mov34 motif   
KAR   killer activatory receptor  
KIR   killer Ig-like receptor   
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LHR   lutropin/choriogonadotropin receptor    
LIR   leucocyte Ig -like receptor 
LRC   leukocyte receptor cluster  
mAb   monoclonal antibody   
MAPK   mitogen-activated protein kinase   
MIRR   multi-chain immune recognition receptor   
MPN    Mpr1p Pad1p N-terminal    
NF-kB   Nuclear factor -kappa B  
NK   natural killer cell   
p27KIP1  cyclin-dependent kinase inhibitor   
p70S6K   p70S6 Kinase   
PAK   p21-Activated Kinase   
PBS   phosphate-buffered saline   
PDK   PI(3,4,5)P3-dependent kinase   
PE   phycoerythrin   
PI3K   phosphatidylinositol-3-kinase   
pIgR   polymeric Ig receptor  
PIR-A    Paired Ig-like receptor-A  
PKB   protein kinase B   
PKC    protein kinase C  
PLC   phospholipase C   
PMN    polymorphonuclear cell    
PP2A   protein phosphatase 2A   
sIgA   secretory IgA  
siRNA    small interfering RNA     
Syk   spleen tyrosine kinase   
TBS   TRIS-buffered saline   
TM   transmembrane domain 
UTR   untranslated region 
Wt   wildtype   
YFP   yellow fluorescent protein  
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