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Abstract 

In the immune system, phagocytes resolve a very large proportion of infections 
subsequently to the recognition and the destruction of pathogens. This crucial function is 
enhanced by the opsonisation of pathogens with immunoglobulins (mostly 
immunoglobulin G (IgG)). The latter are recognized by Fcγ receptors (FcγRs) through the 
Fc portion of IgGs. FcγRs also interact with IgG-containing immune complexes. Human 
neutrophils, the most abundant circulating phagocytes, constitutively express two types of 
FcγRs, FcγRIIa (CD32a) and FcγRIIIb (CD16b). This combination of isoforms is unique 
to human neutrophils. FcγRIIa possesses an Immunoreceptor Tyrosine-based Activation 
Motif (ITAM) in its cytoplasmic portion, whereas FcγRIIIb is a membrane-anchored 
receptor which does not possess any cytoplasmic sequence. Neutrophils are the only 
human phagocytes which do not express Immunoreceptor Tyrosine-based Inhibition 
Motif (ITIM)-bearing FcγR, i.e. FcγRIIb, which is thought to downregulate the signal of 
ITAM-bearing FcγRs. The absence of FcγRIIb on human neutrophils indicates that 
alternative negative regulatory processes may be at play. A recent study from our 
laboratory described a novel down-regulation mechanism of the activation of FcγRIIa 
mediated by a proteasomal degradation process.  

Little is known about the biological relevance of the co-expression of two FcγRs 
with overlapping ligand-binding specificity on human neutrophils. Cholesterol-rich and 
detergent-resistant plasma membrane micro-domains (DRMs or lipid rafts) appear to be 
required for the transmission of the appropriate signal leading to the functional 
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responsiveness of neutrophils. Our previous studies provided evidence for a recruitment 
of both FcγR isoforms in these micro-domains. FcγRs recruitment in DRMs is a very 
early event observed following their cross-linking. These observations suggest that 
cooperation between FcγRIIa and FcγRIIIb, leading to an optimal neutrophil response, 
may take place in these domains. We are presently investigating this functional 
cooperation and our results indicate that both isoforms are essential for an optimal 
phagocytosis.  

Beside their roles in innate immune responses, FcγRs could be also involved in 
patho-physiological responses. The presence of immune complexes (ICs) in auto-immune 
diseases (e.g., rheumatoid arthritis or systemic lupus erythematosus) may potently 
activate effector cells (including neutrophils) via cross-linking of FcγRs. Accordingly, 
FcγR polymorphisms have been identified as risk factors in specific pathologies or 
infections and an ever enlarging number of studies illustrate the contribution of this 
family of receptors to the pathogenesis of autoimmune diseases. The potential 
mechanisms by which the human neutrophil FcγRs may contribute to autoimmune 
diseases will be discussed and the possibilities for the development of medical strategies 
targeting FcγRs will also be reviewed. 

Introduction 

Polymorphonuclear neutrophils play an important role in the innate immune system 
where one of their major, though not unique, functions is to internalise and degrade pathogens 
or immune complexes. This phagocytic process is greatly aided by opsonisation of pathogens 
by complement fragments and immunoglobulins, mostly IgGs. The latter are recognised, 
through their Fc tails, by Fcγ receptors. Recognition of pathogens or immune complexes by 
FcγRs initiates intracellular signals that lead to multiple neutrophil physiological responses 
including degranulation, activation of the respiratory burst and phagocytosis [1-5]. 

FcγRs are important key activators of the immune system. They play major roles in host 
resistance linking humoral and cellular responses, in particular in the contexts of 
phagocytosis, antibody-dependent cell cytotoxicity (ADCC), enhanced antigen presentation 
and clearance of immune complexes (ICs) [6-8]. These receptors have also been associated 
with susceptibility to a number of autoimmune diseases [9, 10]. 

FcγRs derive their names from their capacity to recognize the crystallizable fragment (Fc) 
region of antibodies. FcRs are classified on the basis of their specificity for the recognition of 
a particular antibody isotype. FcγRs belong to the large immunoglobulin superfamily and 
recognize the Fc portion of IgGs [10-12]. The human FcγR system comprises FcγRI (also 
known as cluster of differentiation 64 (CD64)), FcγRIIa (CD32a), FcγRIIb (CD32b), FcγRIIc 
(CD32c), FcγRIIIa (CD16a) and FcγRIIIb (CD16b). With the exception of FcγRIIIb, these 
receptors are type I transmembrane glycoproteins. They differ in their affinities for various 
classes of antibodies due to their different molecular structure [13]. Their structure comprises 
N-terminal extracellular Ig-like domains, a transmembrane region and a C-terminal 
cytoplasmic portion. FcγRIa and FcγRIIIa are multimeric receptors with a ligand-binding α-
chain and a signal-transducing γ-chain dimer. FcγRIIa and FcγRIIb are single chain receptors. 
FcγRIIIb is unique in that it is attached to the cell membrane by a glycosyl-
phosphatidylinositol (GPI) anchor and does not possess any cytoplasmic domain [14]. 
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Human FcγRs (with the exception of FcγRIIIb) are associated with an immunoreceptor 
tyrosine-based activation motif (ITAM)-containing subunit or possess an ITAM or an 
immunoreceptor tyrosine-based inhibitory motif (ITIM) in their cytoplasmic domains. These 
tyrosine-containing motifs are crucial for downstream cell signalling. ITAM-containing 
FcγRs are usually considered in the context of the activation of immune cells while FcγRIIb is 
the only known “inhibitory” FcγR. The FcγRs family comprising activating and inhibitory 
receptors provides a prime example of how simultaneous triggering of activating and 
inhibitory signalling pathways can generate a well-balanced immune response. 

The distribution of the different FcγRs is cell- and species-specific (each cell type 
possessing a distinct combination of FcγRs). Despite similarities between human and mouse 
FcγRs, there are major differences in the intracellular domains and the expression pattern of 
these receptors. For example, neither FcγRIIa nor FcγRIIIb are expressed in mice. Although 
FcγRs are predominantly expressed on hematopoietic cells, they are also present, among 
others, on endothelial cells [15], osteoclasts [16] and on cardiomyocytes [17].   

Expression of FcγRs on Human Neutrophils 

Isoform Expression and Structure 

Human neutrophils constitutively and specifically express FcγRIIa and FcγRIIIb. The 
expression of FcγRI on these cells is observed only following incubation with pro-
inflammatory cytokines [18-20]. This combination of FcγRs is not found on other human 
phagocytes or on neutrophils from other species including mice whose neutrophils express 
instead FcγRIIb and FcγRIIIa. On the other hand, human neutrophils do not constitutively 
express ITIM-bearing FcγRs (including FcγRIIb ([8] and Figure 1)) that other immune cells 
(including B cells) rely upon to terminate FcγR-initiated signals. 

This unique combination of FcγRs is a signature of the human neutrophil. This 
particularity highlights the limitations of the extrapolation of data collected in other cell types 
and species to human neutrophils. Studies on FcγRs performed in mice neutrophils may, in 
particular, not be directly applicable to human neutrophils. Additionally, efforts to humanize 
mouse models still do not accurately reproduce the pattern of FcγR expression of human 
neutrophils [10]. For these reasons, this review will strictly focus on data obtained in human 
neutrophils. 

FcyRs Constitutively Expressed in Human Neutrophils 

The structure of FcγRIIa is unique among FcγRs consisting of a single transmembrane 
polypeptide chain comprising two extracellular immunoglobulin domains, a single 
transmembrane domain and a short cytoplasmic segment containing three tyrosine residues. 
Two of them constitute an ITAM in which the signature tyrosines are 12 amino acids apart 
rather than 8 as in canonical ITAMs [21, 22]. This unique molecular signature is likely to 
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impact on the specific composition of the signalling complex through which FcγRIIa 
transmits the appropriate signals to neutrophils. 

FcγRIIIb was thought to be exclusively expressed by human neutrophils [23] but a recent 
publication demonstrated that this receptor is also expressed by a subset of human basophils 
[24]. As opposed to the other FcγRs whose primary structures include a transmembrane 
protein, FcγRIIIB is a GPI-linked receptor with no transmembrane or cytoplasmic domains 
[25]. Its gene (FCGR3B) is very similar to that of FcγRIIIa, but a mutation at nucleotide 733 
encodes a stop codon that prevent the translation of the 21 c-terminal amino acids that 
differentiate these two isoforms [1]. The density of FcγRIIIb is 4-5 times higher than that of 
FcγRIIa in human neutrophils (135 000 vs 31 000 per cell) and FcγRIIIb is the predominant 
FcγR in blood [14]. In contrast to FcγRIIa that is exclusively expressed at the plasma 
membrane, FcγRIIIb is also present in intracellular vesicules [26]. 

Inducible FcγR Isoform in Human Neutrophils 

Little is known about the high-affinity FcγRI in human neutrophils. It is induced after 4 
to 24 hours of interferon (IFN)-γ or granulocyte colony-stimulating factor (G-CSF) 
incubation in vitro and in vivo [20, 27-34] and a direct effect of these cytokines on FcγRI 
gene expression at the transcriptional level has been proposed [35]. Cross-linking of β2 
integrins also leads to an up-regulation of FcγRI on human neutrophils [36]. This inducible 
FcγR isoform possesses three Ig-like domains in its extracellular domain that are thought to 
contribute to its high affinity for IgG. This particular structure allows FcγRI activation by 
monomeric IgG in contrast to FcγRIIa and FcγRIIIb that require multimerization to be 
engaged [37]. The level of FcγRI expression is often considered to be a quantitative marker 
for the activation of the innate immunity response in the case of sepsis or infection [38, 39]. 
This receptor is upregulated on neutrophils during pregnancy [40-42], in preterm newborns 
[43] and in formula-fed as opposed to breast-fed infants [44]. 

The FcγrIIb Question 

Most reviews on FcγRs state that neutrophils express FcγRIIb. However, although 
FcγRIIb was observed on resting mice neutrophils [45-47], its presence in human neutrophils 
remains controversial [48]. To clarify the situation, we examined the presence of FcγRIIb on 
different cell types including human neutrophils and in our hands, human neutrophils express 
little if any FcγRIIb when compared to, e.g., Raji cells (Figure 1). The low expression of 
FcγRIIb in human neutrophils, or its possible absence, suggests that neutrophils rely on 
mechanisms of limitations of the responses of FcγRs independent from it (see Down-
regulation signalling section). It also remains to be examined whether the expression of 
FcγRIIb may be upregulated in human neutrophils. Relevant to this point is the recent 
observation that the expression of FcγRIIb on neutrophils can be detected and is increased in 
patients with rheumatoid arthritis who are treated with Infliximab (anti-TNFα monoclonal 
antibody) [49] suggesting a possible role of TNFα in the modulation of FcγR expression. 
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Figure 1. FcγRIIb expression on human neutrophils and Raji cell line 

Aliquots of freshly isolated human neutrophils and Raji cells were boiled 7 minutes in Laemmli’s 
sample buffer (equal protein loading). Whole cell lysates were analysed by SDS-PAGE and probed for 
FcγRIIb (antibody kindly provided by Dr JL Teillaud [173]) and FcγRIIa (CT10 antibody [86]). 
Whereas FcγRIIb is clearly detected in Raji cells, we find no evidence of its presence in human 
neutrophils. FcγRIIa blotting serves as a positive control for the integrity of the neutrophil samples. 

The Neonatal FcR 

Another IgG receptor, the neonatal FcR (FcRn), was previously described to be expressed 
in human neutrophils and to be present in azurophilic and specific granules [50]. It is a major 
histocompatibility class I (MHC-I) homolog with a structure composed of a unique α-chain 
coupled to β2-microglobulin [51]. Classically, this isoform is associated with IgG transport 
across mucosal cells [52] or from mother to foetus (via the placenta and milk) [53, 54]. FcRn 
of endothelial cells also contributes to the homeostatic regulation of serum IgG levels [55]. 
FcRn does not bind IgGs at physiologic pH (7.4). A novel role of FcRn in phagocytosis was 
recently described in human neutrophils where it has been proposed that the acidic conditions 
of the phagolysosome protonates the Fc fragment of IgGs and permits binding to FcRn [50]. 
Accordingly, phagocytosis was severely impaired in conditions preventing FcRn ligation 
(with mutated IgGs) [50]. These data are consistent with a novel mechanism of regulation of 
IgG-dependent phagocytosis that depends 1/ on a first signal derived from plasma membrane 
FcγRs which stimulates particle internalisation and the fusion of granules with the phagosome 
and 2/ on a subsequent acidification of the phagosome which helps generates a second signal 
dependent on FcRn to complete the phagocytic process. 

Polymorphisms 

Functionally relevant polymorphisms have been described for FcγRIIa and FcγRIIIb [56]. 
They are located in the extracellular Fc-binding portion of the FcγR and affect the ability of 
FcγRs to interact with IgG subclasses. The major FcγRIIa polymorphism is a point mutation 
affecting amino acid position 131, coding for either arginine (R131) or histidine (H131). 
These alleles are co-dominantly expressed. FcγRIIa-H131 has higher affinity for human IgG3 
and is the only FcγR that interacts with IgG2. Regarding the GPI-anchored FcγRIIIb, the 
neutrophil antigen (NA) polymorphism results in the expression of two isoforms, termed NA1 
and NA2. FcγRIIIb-NA1 has higher affinity for IgG1 and IgG3 than FcγRIIIb-NA2 [56]. 



Louis Marois, Emmanuelle Rollet-Labelle and Paul H. Naccache 128 

Differences in phagocytic capacities of H/H and R/R FcγRIIa were previously reported [57]. 
Because these polymorphisms affect the affinity of the interaction of IgG with FcγR, they 
may have an impact on the susceptibility of developing auto-immune diseases [58] (see 
Physio-pathological implications section). 

Signalling 

In the following, we will limit the present discussion to common and specific signalling 
pathways associated with the engagement of FcγRIIa and FcγRIIIb as the signalling events 
associated with FcγRI have not been investigated in details as of yet. We will more 
specifically focus on presently incompletely understood fundamental signalling concepts 
associated with the activation and inhibition of these receptors. 

DRMs, Common Element of Signalling Through FcγRs 

Detergent resistant membrane domains (DRMs) are described as assembly platforms for 
a multitude of receptors [59-61]. Several immunoreceptors, including Fc receptors, are 
thought to initiate their signalling cascades in detergent-insoluble glycolipid-enriched 
domains named DRMs [62]. These lipid domains often called rafts represent signalling 
platforms where adaptor, anchoring and signalling proteins are regrouped and allowed to 
interact to generate the appropriate signals inside the cell [63]. A fraction of FcγRIIIb is 
constitutively present in neutrophil DRMs [64]. In contrast, FcγRIIa is recovered in the 
soluble region of the plasma membrane in resting neutrophils. Signalling through FcγRIIa 
involves its translocation to DRMs [65-69]. The transmembrane domain of the receptor plays 
a key role in this translocation [70]. DRMs may also play a major role in the regulation of 
IgG binding to FcγRIIa [71]. 

The specific manner in which FcγRIIIb transmits intracellular signals remains to be 
adequately elucidated. One view considers that FcγRIIIb, which does not associate with γ 
chain and has no transmembrane or cytoplasmic tail [25], transduces signals only by 
interaction with FcγRIIa, by favoring the recognition of immune complexes by the latter [72]. 
On the other hand, several lines of evidences indicate that, in human neutrophils, FcγRIIIb 
generates intracellular signals without necessitating the engagement of FcγRIIa. Hence, cross-
linking of FcγRIIIb alone initiates multiple functions and signalling events. Lipid-lipid 
interactions have been postulated to mediate the activation of Src kinases by GPI-linked 
receptors. However, this hypothesis has yet to be experimentally tested in the context of 
FcγRIIIb. FcγRIIIb may cooperate with CD11b [73] although this result was not confirmed 
biochemically [64]. These various hypotheses remain to be rigorously tested and validated. 
The stimulated translocation of FcγRIIIb to DRMs [64] may in part explain its capacity to 
signal in the absence of a cytoplasm domain as several signalling proteins such as Src kinases 
are also present in these domains. 

Our previous data indicate that DRMs are heterogeneous in human neutrophils and 
include subpopulations with low (DRML) and high (DRMH) densities [64]. The functionally 
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relevant subpopulation of DRMs in FcγR-stimulated human neutrophils appears to be DRMHs 
as both FcγRIIIb and FcγRIIa are present in these fractions and not in DRMLs [64-66, 74]. 
DRMHs cannot be isolated using commonly used sucrose gradients (they are recovered in the 
pellet of these gradients) but require instead Optiprep gradients with their larger density 
ranges. They have therefore been missed by many investigators. Importantly, the 
translocation of FcγRIIa to DRMHs can be detected subsequent to its engagement in isolated 
plasma membranes [66] and the rapid degradation of FcγRIIa which follows its engagement 
in whole neutrophils requires intact DRMs [65]. Disrupting DRMs decreased FcγRIIa-
dependent phagocytosis, receptor degradation and the mobilization of intracellular calcium 
[65, 74]. These observations indicate that DRMHs contain functional FcγRs signalling units. 
An element that has not been investigated as of yet is the potential heterogeneity of the 
cellular localisation of DRMs. Indeed, some of our preliminary data suggest that FcγRIIIb is 
present in intracellular DRMs in resting cells and is found in plasma membranes DRMs only 
after its cross-linking as opposed to FcγRIIa which is exclusively localised at the plasma 
membrane (unpublished observations). Altogether, these results provide evidence that DRMs 
are involved in the signalling pathways of both FcγRs in human neutrophils. The specifics of 
the involvement of DRMs in phagocytosis remain unclear and part of the ambiguity existing 
in the literature may relate to the details of the phagocytosis assay utilized (nature of the 
particles, type of opsonisation). 

Activating Pathways 

Tyrosine phosphorylation pathways play a critical role in FcγRs signalling [13, 75-78]. 
Cross-linking of FcγRIIa enhances the level of tyrosine phosphorylation in intact human 
neutrophils [65, 75]. FcγRIIa engagement leads to the tyrosine phosphorylation of the 
receptor itself [13, 66, 79, 80]. Intracellular Src family kinases are activated upon clustering 
of FcγRs and phosphorylate tyrosine residues in the ITAM. This early step appears to be 
common to all FcγRs downstream signalling pathways [81]. This is supported by the 
inhibitory effects of Src kinase inhibitors on FcγR-dependent functions and phagocytosis in 
particular [82]. It is believed, based in most part on the data obtained in other FcγR-bearing 
cell types and in transfected cells as well as on the basis of the observed activation of Src 
family kinases upon FcγRIIa or FcγRIIIb ligation [83-86] and on the effects of 
pharmacological inhibitors of the Src family of tyrosine kinases, that Lyn, Hck or Fgr may be 
involved in the proximal phosphorylation events. However, the specific Src kinases 
associated with each receptor in human neutrophils and their respective functional relevance 
have yet to be unambiguously identified. 

Data implicating tyrosine kinases other than Src family kinases in the regulation of the 
responses to the stimulation of FcγRs have also been obtained. These include Syk and Tec 
family kinases. Activation of the tyrosine kinase Syk in neutrophils in response to stimulation 
of FcγRs has been reported [64, 87]. Accordingly, piceatannol, a Syk inhibitor, decreases 
FcγR-dependent phagocytosis and reactive oxygen species (ROS) production in human 
neutrophils [82, 88]. These data implicating Syk in the responses of human neutrophils to the 
engagement of FcγRs are in accord with the phagocytic defects observed in neutrophils 
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derived from Syk knock-out mice [89]. Tec family kinases have been shown to respond to 
ligation of FcγRIIIb [90]. Some of the physiological consequences of this activation have 
been described and in particular the involvement of Tec kinases in the regulation of the 
phosphorylation of the phospholipase Cγ2 (PLCγ2) in response to FcγRIIIb. Tec is also 
activated upon cross-linking of FcγRIIa (unpublished observations). 

While the available data clearly establish the prominent role of the tyrosine 
phosphorylation pathways in the regulation of the responsiveness of human neutrophils to the 
engagement of FcγRs, several elements remain unexplored or ambiguous. As mentioned 
above, the exact nature of the Src kinase responsive to FcγRs is still to be defined. 
Furthermore, the understanding of the relative contributions of the multiple families of 
tyrosine kinases activated upon the engagement of FcγRs is still in its infancy. Additional 
studies are clearly required to further map the potential interactions activated (or inhibited) 
upon the stimulation of these various kinases. Importantly, little, if anything, is known about 
the specifics of the tyrosine phosphorylation pathways activated upon the joint stimulation of 
both FcγRIIa and FcγRIIIb, i.e., under conditions likely to exist in a patho-physiological 
setting (see Functional cooperation section below). Finally, our understanding of the 
significance and control of the tyrosine phosphorylation pathways in the context of the 
stimulation of FcγRs will not be complete without a detailed examination of the role and 
regulation of tyrosine phosphatases. 

Changes in the concentrations of intracellular free calcium are likely to be involved in 
multiple steps of the responses to FcγRs, including the control of the actin cytoskeleton the 
phagocytotic process relies upon [91]. Accordingly, increases in free cytoplasmic calcium 
levels have been observed in response to cross-linking of FcγRs, to the phagocytosis of IgG-
opsonized particles and to the addition of immune complexes ([90, 92] and Marois, L. et al., 
submited manuscript). 

An additional layer of complexity concerning the mobilisation of calcium upon 
engagement of FcγRs becomes evident when the responses to FcγRIIa and FcγRIIIb are 
compared. While the calcium response to the cross-linking of FcγRIIIb relies on both a 
mobilisation of intracellular calcium and an influx of extracellular calcium, that to the cross-
linking of FcγRIIa leads only to the mobilisation of intracellular calcium (with no calcium 
influx detectable). The elucidation of the molecular basis of these differences which is not 
known at present is of topical importance as the integrity of the phagocytosis of IgG-
opsonized bacteria by human neutrophils (a function dependent on both FcγRIIa and 
FcγRIIIb) is profoundly reduced in the absence of calcium in the extracellular medium, i.e., in 
the absence of calcium influx (Marois, L. et al., submitted manuscript). These observations 
provide mechanistic hints about the complementary (as opposed to redundant) mechanisms 
employed by these two receptors to allow neutrophils to respond adequately to IgG-mediated 
threats. 

MAP kinases (Erk1/2 and p38) are activated in response to homotypic and heterotypic 
engagement of FcγRIIa and FcγRIIIb [93, 94] as well as in response to stimulation by 
opsonised zymosan [94]. These signalling events are dependent on the upstream activation of 
unidentified tyrosine kinases and of PI 3kinases and may be related to the polymerization of 
actin and to the activation of the NADPH oxidase [93] and of phospholipase A2 [94]. 
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Inhibitory Mechanisms 

The mechanisms underlying the termination of the signals generated upon the 
engagement of FcγRs in human neutrophils have been ignored until recently. The classical 
model in which negative signals are generated upon the activation of FcγRIIb (and the 
recruitment of lipid phosphatases mediated by its ITIM) such as described in details among 
others in B cells does not apply to human neutrophils which do not express FcγRIIb (see 
figure 1). Recent data have however provided hints about possible alternative mechanisms of 
down-regulation of FcγRs. 

Our recent results suggest that c-Cbl and src homology 2 domain-containing inositide 
phosphatase 1 (SHIP-1) play important roles in the regulation of the activation of FcγRIIa in 
neutrophils. The E3 ubiquitin ligase c-Cbl is responsible, to a major extent, for the rapid 
degradation of the receptor which accompanies its engagement [74]. SHIP-1, on the other 
hand, appears to negatively regulate neutrophil functions ([95] and unpublished data). These 
observations indicate that these two proteins play significant, albeit different, roles in the 
attenuation of the responses of human neutrophils to stimulation through FcγRIIa. 

Phosphatidyl inositol 3-kinases (PI3K) are activated following FcγRIIa ligation [95]. 
Consistently with this observation, wortmanin, a pan PI3K inhibitor, inhibits FcγRIIa-
dependent phagocytosis [13]. The clustering of the p85 PI3K subunit with FcγRIIa has been 
reported [96]. Our previous data [95] provided evidence for the involvement of SHIP-1 in the 
responses of human neutrophils to FcγRIIa ligation. The modulation of the levels of 
PI(3,4,5)P3 in neutrophils plays an important role in the regulation of multiple signalling 
events and neutrophil functions including calcium mobilisation [97], chemotaxis [98] and 
phagocytosis [99]. They are tightly regulated and controlled by the activities of lipid kinases 
(PI 3-kinases) (responsible for the generation of PI(3,4,5)P3) and the opposing effects of lipid 
phosphatases (PTEN and SHIP-1/2) (which eliminate PI(3,4,5)P3). The inositol phosphatase 
SHIP-1 translocates to the plasma membrane and is tyrosine phosphorylated in response to 
FcγRIIa [95] and FcγRIIIb (unpublished observations) cross-linking. It is likely that the 
activation of SHIP-1 serves to attenuate the responses to the ligation of FcγRs as its silencing 
in differentiated PLB-985 cells results in an enhancement of the mobilisation of calcium in 
response to cross-linking of FcγRIIa (unpublished observations). On the other hand, silencing 
SHIP-1 had no effect on the stimulated degradation of FcγRIIa (unpublished observations). 
The mechanisms regulating the recruitment and activation of SHIP-1 in response to the 
ligation of individual FcγRs have not been investigated as of yet. Additionally, the fate of 
SHIP-1 following the simultaneous engagement of both FcγRIIa and FcγRIIIb has also not 
been studied so far. 

The stimulated degradation of FcγRIIa depends on the ubiquitin ligase c-Cbl [74]. In 
human neutrophils, we have previously shown that c-Cbl is rapidly tyrosine phosphorylated 
following the cross-linking of FcγRIIa and accounted for a major proportion of the band of 
116 kDa that appears in the tyrosine phosphorylation pattern observed in response to ligation 
of this receptor [78]. The tyrosine phosphorylation of c-Cbl plays a critical role in the 
stimulation of its ubiquitin-ligase activity [100-102]. Stimulation of human neutrophils with 
heat-aggregated IgGs (HA-IgGs) and cross-linking of FcγRIIa both induce (i) the Src kinase-
dependent ubiquitination and degradation of FcγRIIa and (ii) the tyrosine phosphorylation and 
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the translocation of a fraction of c-Cbl from the cytosol to plasma membranes where it co-
fractionates with FcγRIIa in DRMH (Marois L. et al, submitted manuscript). Silencing c-Cbl 
inhibits FcγRIIa ubiquitination and degradation. c-Cbl-dependent degradation of FcγRIIa 
plays an important role in the regulation of the duration and intensity of the human neutrophil 
responses elicited by FcγRIIa engagement [74]. 

CD300a (also known as IRp60, CMRF-35H) is a receptor with three ITIM motifs within 
its cytoplasmic tail that belongs to a multigene family of activating/ inhibitory receptors that 
are clustered in human chromosome 17 (17q25.1). The ligand for CD300a, as well as for the 
other members of the CD300 family, is unknown [103]. CD300a is expressed on a variety of 
immune cells. Cross-linking of CD300a with a specific monoclonal antibody exerts an 
inhibitory effect on natural killer (NK) cell activity through recruitment of src homology 2 
domain-containing tyrosine phosphatases 1 and 2 (SHP-1/2) [104]. In human eosinophils, 
cross-linking of CD300a suppresses the effects of eotaxin, IL-5 and GM-CSF also by 
recruiting SHP-1 [105]. CD300a inhibits IgE-dependent, but not IgE-independent, activities 
in mast cells by recruiting SHP-1 and SHIP [106]. This receptor appears to modulate FcγRIIa 
mediated signalling in response to inflammatory stimuli on human neutrophils. Its expression 
is up-regulated following LPS or GM-CSF incubation by the translocation of an intracellular 
pool to the plasma membrane. Its cross-linking inhibits ROS production and calcium 
mobilisation in response to FcγRIIa ligation. These observations suggest that, in the absence 
of FcγRIIb, FcγRs-mediated downregulation could be mediated in human neutrophils by 
other ITIM-bearing receptors, amongst which CD300a is an attractive candidate [107]. 

In contrast to FcγRIIa the responsiveness of which is controlled by its stimulated 
proteasomal-dependent degradation [74], that of FcγRIIIb appears to be dependent on the 
modulation of its expression levels at the plasma membrane. The maintenance of the surface 
levels of FcγRIIIb is regulated by a balance between the rates of shedding to the extracellular 
medium (generating a soluble form) and the mobilisation of preformed receptor in 
intracellular stores in response to neutrophil stimulation [26, 108]. Shedding of the GPI-
anchored receptor is observed in response to neutrophil apoptosis and stimulation by PMA 
[109-111] or fMLP [109] and by jasplakinolide, an actin-polymerizing peptide [112]. The 
mechanism of shedding remains unclear. Metalloproteases were proposed to be involved in 
this process, but the shedding is also inhibited by serine protease inhibitors [113, 114]. The 
physiological significance of the shedding of FcγRIIIb is not well understood. Apoptotic 
neutrophils could be marked for clearance by phagocytic cells by this mechanism. The 
surface levels of FcγRIIIb may also be down-regulated by internalisation following its 
engagement (Figure 2). Shedding and/or internalisation of FcγRIIIb is likely to play a role in 
limiting the responses to IgG-dependent processes. Lower levels of FcγRIIIb on neutrophils 
impair the ability of neutrophils to respond to immune complexes [115, 116]. Furthermore, 
soluble FcγRIIIb binds IgG [117] and has been proposed to inhibit FcγRs engagement by 
IgG-containing immune complexes [118]. Other functions for soluble FcγRIIIb have been 
proposed such as inhibitory effects on B cell proliferation and IgG/IgM production [119]. 
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Figure 3. Mechanisms implicated in the downregulation of the activation of the human neutrophil’s 
FcγRs  

Ligation of FcγRIIa and FcγRIIIb on human neutrophils leads to a rapid recruitment of these receptors 
in the detergent-resistant membrane microdomains named lipid rafts (A). In this signalling platform 
different inhibitory events are stimulated such as the recruitment of the lipid phosphatase SHIP-1 (B) 
that hydrolyzes PIP3 and thereby inhibits FcγR responses (unpublished data). The ubiquitin-ligase c-Cbl 
is also recruited from the cytosol to lipid rafts and affixes ubiquitin molecules on the Fc tail of FcγRIIa. 
This ubiquitination event targets FcγRIIa to a proteasomal degradation following its internalisation (C). 
FcγRIIIb is also internalised in response to its ligation but the details and outcome of this event 
remained poorly characterized (D).  FcγRIIIb also appears to be shed from the cell surface (E) though 
the specific enzyme(s) involved is not identified. As FcγRIIb is not constitutively expressed on human 
neutrophils, an alternative ITIM-dependent mechanism is proposed to downregulate FcγRIIa-dependent 
functions involving the orphan receptor CD300a (F).     

Most of the studies examining the specific roles and signaling pathways of the 
neutrophil’s FcγRs were performed using stimulation with monoclonal antibodies or were 
restricted to myeloid/neutrophil-like cells which do not express the same combination of 
FcγRs as human neutrophils. We recently examined the phagocytosis of IgG-opsonised 
zymosan by human neutrophils and observed that it is greatly diminished by antibodies 
directed against either FcγRIIa or FcγRIIIb indicating that both receptors cooperate in this 
function. Furthermore, antibodies directed against either FcγRIIa or FcγRIIIb also inhibited 
the tyrosine phosphorylation response as well as the stimulated degradation of FcγRIIa 
elicited by HA-IgGs which simultaneously engaged both receptors. Phagocytosis of IgG-
opsonised zymosan by human neutrophils requires an extracellular influx of calcium which is 
strictly dependent on the engagement of FcγRIIIb. This step could represent the specific 
contribution of FcγRIIIb to the phagocytic signal. We also observed that the functional 
regulation of phagocytosis is dependent of the integrity of detergent-resistant membrane 
microdomains where both FcγRs are recruited following heat-aggregated IgGs stimulation 
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(Marois, L. et al., submitted manuscript). Previous studies also suggest that immune 
complexes primarily engage FcγRIIIb and this ligation converts FcγRIIa to a high-affinity 
state that permits FcγRIIa-dependent signalling [125]. Functional interactions in human 
neutrophils may not be limited to the two FcγRs but may also involve complement receptors 
(i.e., CR3). Evidence for this is the level of the production of reactive oxygen species [84, 
129, 130]. It is also of interest that a positive role of reactive oxygen intermediates in the 
phagocytic capacity and signalling of FcγRs on human neutrophils has also been described 
[131] thereby suggesting potential positive feed-back loops. 

On a technical level, it is worthwhile to note that a commonly used antibody directed 
against FcγRIIIb, 3G8, has been shown to interact through its Fc chain with FcγRIIa on 
neutrophils [97]. Previously reported effects observed in response to stimulation of human 
neutrophils by the complete 3G8 antibody may in fact correspond to a joint stimulation of 
both FcγRs. 

Taken together, these data illustrate the complexity of the functional cooperation and 
regulation that exists between the two constitutively expressed FcγRs on human neutrophils 
and that is likely to occur under patho-physiological conditions. 

Patho-Physiological Implications 

Neutrophil’s FcγRs are implicated in the clearance of naturally occurring ICs. 
Intravascular ICs trigger transient accumulation of neutrophils which internalize the immune 
deposits. Immune complexes are generated in all antibody responses but they can become 
pathogenic depending on their size, their amounts and their affinities. Insoluble ICs are 
cleared primarily by the phagocyte system but small soluble ICs have a propensity for tissue 
deposition [132]. Neutrophils are also challenged by IgG-containing autoimmune complexes 
and represent the most important quantitative pool of potential FcγRs implicated in different 
autoimmune pathologies [10]. In both type II and type III hypersensitivity responses, 
neutrophils are the first immune cells to be recruited and the resulting inflammation depends 
on the relative accessibility of the immune complexes to circulating leukocytes. Type II 
hypersensitivity reactions arise when antibodies are produced against cell- or matrix-
associated antigen whereas type III hypersensitivity arises when antibodies are produced 
against soluble self antigens. In the following, we present a selected list of examples of the 
involvement of the FcγRs expressed in neutrophils in hypersensitivity responses. 

ANCA-Associated Diseases 

Anti-neutrophil cytoplasmic antibody (ANCA)-associated diseases, including Wegener’s 
granulomatosis, implicate neutrophils’ FcγRs. The primary antigenic targets of ANCA are the 
granule enzymes, myeloperoxidase (MPO) and proteinase 3 (PR3) that are translocated to the 
plasma membrane following a still poorly understood priming mechanism in which TNFα 
might play a key role [133]. In vivo, priming may be initiated by concurrent inflammatory 
events such as infection. Dissection of the intracellular signalling indicates that simultaneous 
engagement of the F(ab’)2 portion of ANCA with ANCA antigens on the cell surface and 
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interaction of the Fc part of the antibody with FcγRs triggers the signalling cascades that leads 
to neutrophil activation [134, 135]. A number of models, all involving neutrophil’s FcγRs, 
can explain how ANCA activate neutrophils. Several ANCA may bind target antigens on one 
neutrophil and present oligomerized Fc portion to surrounding neutrophils. Alternatively 
ANCA may heterodimerize FcγRs and target antigens on the same neutrophil. Although 
ANCA-associated diseases are not firmly characterized by the presence of circulating IC, a 
third possibility is that degranulated PR3 and MPO bind ANCA in solution, forming immune 
complexes that bind and activate FcγRs. An in vitro study showed that the intracellular 
signals that mediate neutrophil activation in response to ANCA does not depend on the 
inducible presence of the high affinity receptor FcγRI [134, 136] thereby emphasizing the 
prominent role of the low affinity and constitutively expressed FcγRs on neutrophils (FcγRIIa 
and FcγRIIIb). ANCA also increase neutrophil adherence to endothelial cells leading to 
endothelium damage and vasculitis [137-139]. 

Goodpasture Syndrome 

Goodpasture syndrome is another autoimmune disease involving the neutrophils’ FcγRs. 
In this disease that leads to glomerulonephritis, antibodies against glomerular basement 
membrane (GBM) are produced. Resident cells (macrophages) sense ICs through FcγRs and 
complement receptors and secrete chemokines which activate endothelial cells and cause 
neutrophil extravasation. Neutrophils will bind ICs via their FcγRs. The consequent activation 
of the respiratory burst and degranulation results in vascular damage [140]. Alternatively or 
concomitantly, when anti-GBM are accessible to circulating neutrophils or deposited within 
the vasculature, neutrophils can be recuited via their own FcγRs without previous 
chemoattractant release [141]. Progressive nephrotoxic serum nephritis in mice is a prototypic 
type II-hypersensitivity response that resembles Goodpasture syndrome. Using this model, a 
recent study showed that neutrophil-selective transgenic expression of FcγRIIa and FcγRIIIb 
(in mice in which the common γ chain of FcγRs was deleted) restored susceptibility to 
glomerulonephritis. Both human neutrophil receptors promoted glomerular neutrophil 
accumulation, however, FcγRIIa alone was responsible for glomerular injury [10]. 

Idiopathic Thrombocytopenic Purpura 

The etiological basis of idiopathic thrombocytopenic purpura (ITP) is the targeting of 
platelets by membrane antigen antibodies, followed by FcγR-mediated phagocytosis [142]. 
Although recent studies indicate the involvement of Fc-independent pathways [143], it is 
currently accepted that antibody-mediated platelet destruction is Fc dependent. FcγRIIa and 
FcγRIIIb have been speculated to play key roles. Their engagement initiates cytosolic 
signalling pathways which culminate in the uptake and destruction of platelets [144] and does 
not produce an inflammatory response. High doses of intravenous Ig (IVIg) is highly effective 
in the treatment of ITP. Despite years of use, the mechanism of immunomodulation involved 
is still unclear. However, the beneficial effects of high-dose IVIg therapy might, at least in 
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part, be due to the blockade of activating FcγRs by monomeric IgGs. This would prevent the 
binding of opsonized platelets and the induction of phagocytosis [145]. 

Rheumatoid Arthritis and Systemic Lupus Erythematosus 

Type III hypersensitivity diseases are caused by the deposition of antigen-antibody 
aggregates or immune complexes in vessels and tissues. FcγRs play a role in the effector arm 
of the autoimmune process, inducing inflammatory lesions. Typical of these pathologies is 
rheumatoid arthritis (RA), an auto-immune disease characterized by a sustained recruitment 
of leucocytes in joints leading to synovium inflammation and bone erosion. Neutrophils are 
the prominent leukocyte infiltrating the joint [146]. RA is a systemic inflammatory disease as 
high levels of auto-antibodies form immune complexes with their cognate antigens and 
represent potent activators of effector cells (including neutrophils) via cross-linking of FcγRs 
[147]. 

Systemic lupus erythematosus (SLE) is a systemic autoimmune disease characterized by 
the presence of autoantibodies principally against nuclear components. These antibodies are 
not per se pathogenic but the deposition of immune complexes in vessels initiate an 
inappropriate and excessive inflammatory response [9]. 

In RA, as well as in SLE, small IC deposition depends on systemic factors, 
physiochemical properties of the IC and tissue-specific hemodynamic characteristics which 
may explain why inflammatory lesions often take place in joints and glomerules [132]. 
Circulating ICs first deposit in vasculature and then translocate to the extravascular tissue 
[140, 148]. FcγRIIIb plays an important role in slowing down neutrophils [149] leading to 
adhesion to endothelial cells and transmigration. Neutrophils can then signal cytotoxic 
functions through, among others, FcγRs and promote tissue damage. Neutrophils are the first 
immune cells to be recruited and it is a consistent feature of IC-mediated diseases. 

Animal models for SLE [150] and RA [151] have been described. They contributed to the 
elaboration of the hypothesis that the FcγRs of the neutrophils play a role in the development 
of autoimmune diseases. However, as FcγRs expression on mouse and human differs, it is 
difficult to directly extrapolate results observed in mouse models to human diseases. Mice 
deficient in the common γ-signalling chain of FcγRs are not susceptible to arthritis induction; 
in addition the lack of the inhibitory receptor FcγRIIb was found to exacerbate collagen-
induced arthritis in susceptible mice [152]. FcγRIIa has been implicated in RA [153], and 
human FcγRIIa transgenic mice become susceptible to collagen-induced arthritis. 

The contribution of human FcγRs to neutrophil recruitment in response to soluble ICs 
was examined in a neutrophil-selective transgenic murine model expressing specifically 
FcγRIIa and FcγRIIIb. On the basis of this study, the authors concluded that these two 
receptors play non-redundant roles and that human neutrophils may play a primary role in 
initiating IC-mediated diseases [10]. 

In RA, as well as in SLE [154], the efficiency of anti-TNFα therapy [155] or 
methotrexate treatment [156] is related to a loss of function of FcγRIIa, underlying the pivotal 
role of this receptor in these diseases. The FcγRs of neutrophils are challenged in blood 
circulation where inflammatory modulators that can prime neutrophils are present. While the 
neutrophils’ FcγRs display low-affinity for IgGs under resting conditions, in vitro pre-
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incubation of neutrophils with TNFα [128] or the chemotactic peptide fMLP [125] enhances 
subsequent FcγRs-dependent functions [128]. These data suggest that the neutrophils’ FcγRs 
are likely to be regulated by cytokines or inflammatory conditions as found in RA [157]. Βy 
increasing FcγRs activity, TNFα (and other pro-inflammatory cytokines) can enhance IC-
dependent activation of neutrophils leading to exacerbation of inflammation. 

Rheumatoid factors (RF) are prominent autoantibodies present non only in RA but also in 
SLE and other diseases. These antibodies recognize the Fc portion of IgGs and can form RF-
containing immune complexes. High levels of RF in the serum of RA patients are correlated 
with the severity of the disease. RF-containing IC may engage FcγRs on circulating 
neutrophils, thus contributing to systemic inflammation. In accord with this hypothesis, we 
obtained preliminary results indicating that circulating neutrophils may be activated by RF or 
RF-containing IC. These data were obtained using anti-human IgGs to reproduce the effect of 
RF (unpublished observations). 

Incidence of FcγR Genes Polymorphisms 

In humans, several polymorphisms of FcγR genes which alter IgG binding affinities have 
been associated with autoimmune diseases. Low copy number of FcγIIIb gene has been 
associated with SLE and predisposes SLE patients to glomerulonephritis [158]. Reduced 
FcγIIIb expression is thus likely to contribute to the impaired clearance of ICs which is a 
feature of SLE. In contrast, ANCA-associated vasculitis which is not strictly associated with 
immune complex deposition is associated with high FcγRIIIb gene copy number [159, 160]. 

A polymorphism in FcγRIIb gene that alters isoleucine to threonine at position 232 in the 
transmembrane region was proposed to be associated with the higher severity and incidence 
of SLE in some racial groups. This mutation alters FcγRIIb partitioning to lipid raft [161] and 
interestingly several signaling proteins, some of them being involved in neutrophils FcγRs 
signaling [162] also are differentially recruited to lipid rafts in SLE patients. These data 
suggest that these signaling platforms play important, though presently undefined, roles in the 
molecular mechanisms leading to the development of the disease. As lipid rafts are thought to 
control the signalling events downstream of FcγRs in human neutrophils [64, 66], the 
comparison of these membrane domains in neutrophils isolated from SLE and healthy donors, 
might shed relevant hints about the involvement of FcγRIIa and FcγRIIIb in the development 
of the inflammatory damage associated with this disease. 

FcγRIIa polymorphisms have been proposed to influence the development or 
susceptibility to several infectious diseases as well as to autoimmune diseases. The FcγRIIa 
isoform FcγRIIa-H131 is the only human FcγR capable of efficiently binding IgG2 opsonised 
pathogens. IgG2-deficiency predisposes to streptococcal infection and an association between 
FcγRIIa-R/R131 homozygosity and susceptibility to invasive pneumococcal diseases has been 
observed [163, 164]. Furthermore, as IgG2 poorly activates complement, binding to FcγRIIa 
is likely to be important in the immune response to streptococcal infection. In vitro, 
neutrophils from homozygous FcγRIIa-H/H131 donors have a higher phagocytic capacity for 
IgG-opsonized Streptococcus pneumoniae than neutrophils from FcγRIIa-R/R131 donors 
[165]. Individuals who have the H/H131 allotype are less susceptible to severe 
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meningococcal disease than are individuals with the R/R131 or R/H131 genotype and an in 
vitro study showed that neutrophils with the FcγRIIa-R/R131 allotype phagocytized Neissaria 
meningitides opsonized with polyclonal IgG2 antibodies less effectively than did FcγRIIa-
H/H131 neutrophils [166, 167]. Finally, more periodontal destruction occurs in the H/H131 
genotype of FcγRIIa than in the H/R131 or R/R131 genotype. This may be due to hyper-
reactivity of H/H131-neutrophils upon interaction with bacteria [168]. 

FcγRIIa-H131 and FcγRIIIb-NA1 genotypes are also associated with susceptibility and 
severity of myasthenia gravis [169] whereas numerous inflammatory neutropathies have been 
shown to be associated with FcγRIIa-R131 and FcγRIIIb-NA2 alleles. 

Role of Neutrophil FcγRs in Antibody Treatment 

Antibody treatment utilizes chimeric murine-human antibodies, humanised antibodies 
and Fc-fusion proteins [7]. Rituximab is an anti-CD20 antibody that depletes B cells and is 
used to treat lymphoma as well as antibody-mediated autoimmune diseases including ITP and 
SLE [170, 171]. A recent study using a nonfucosylated variant of rituximab having strong 
FcγRIII-binding capacity indicates that neutrophils can serve as physiological cross-linkers 
that augment anti-CD20-mediated apoptosis. Furthermore, this mechanism depends on 
FcγRIIIb but not on FcγRIIa [172]. 

Conclusion 

This review presents a selected and non-exhaustive list of key roles of neutrophils in 
immunity, autoimmunity and chronic inflammation. Accordingly, numerous pathologies have 
been related to defective or aberrant neutrophil function. Controlling neutrophil recruitment 
and activation at the molecular level is important for the development of strategies to 
modulate their involvement in host defence or chronic inflammation. 
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