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Summary and discussion 
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General discussion 

 

The genes encoding Fc gamma receptors (FcγRs) are subject to considerable inter-individual genetic 

variation. These genetic variations occur in several forms, e.g. from single nucleotide polymorphisms 

(SNPs) and polymorphic variants that differ from each other in more than one nucleotide, to copy 

number variation (CNV), where large stretches of DNA, covering one to three complete FcγR genes, 

are deleted or inserted at the FCGR2/3 locus at chromosome 1q23. Commonly, these genetic 

variations result in differences in expression and/or function. For polymorphic variants, the nature and 

location of these polymorphisms within the gene or its regulatory regions determine if and how they 

influence the receptors.  

 

Firstly, there are genetic variants that differ in function. Binding of IgG takes place at the extracellular 

(EC) domains of FcγRs and variations in these domains can influence the binding affinities for 

different IgGs. Differences in IgG binding have been described for variations in FcγRIIa (FCGR2A-

H131R), FcγRIIIa (FCGR3A-V158F) and FcγRIIIb (FCGR3B-NA1, -NA2 and -SH) (1). The 

transmembrane (TM) domains of FcγR are involved in interactions with adaptor proteins such as the 

Fc receptor common γ-chain (FcRγ), which contains an ITAM motif and mediates signaling through 

FcγRI and FcγRIIIa, as well as the localization in the plasma membrane. Whereas no genetic variants 

are known to have impaired or improved interactions with such adaptor proteins, a SNP in FcγRIIb 

(FCGR2B-I232T) has been shown to result in two receptor variants, of which one (FcγRIIb-T232) has 

a largely reduced signaling capacity, because it is excluded from membrane rafts (2,3). The 

intracellular (IC) domains of FcγRII contain their own ITAM (FcγRIIa and -c) or ITIM (FcγRIIb) 

motif. No functionally relevant variations in these cytoplasmic domains had been described until we 

identified a novel variant of FcγRIIa that extends the IC domain and indeed affects signaling 

(Chapter 2). 

 

Secondly, some genetic variations have an effect on the extent and cellular distribution of protein 

expression. A SNP in the EC domains of FcγRIIc results in either a stop codon or an open reading 

frame (ORF) . One of these variants (FCGR2C-Stop) is not expressed at all, while the other 

(FCGR2C-ORF) is known to be expressed on NK cells (4) and as described in this thesis, can also be 

expressed on neutrophils and monocytes (Chapters 3 and 4). Increasing complexity in the expression 

of FcγRIIc is found in two other SNPs in the IC domains of the same gene, which are described in 

Chapter 4, resulting in the lack of protein expression as a consequence of out-of-frame alternative 

splicing and the introduction of subsequent stop codons. These genetic variants both result in a black-

and-white difference: i.e. expression or no expression in immune cells.  

Other variants give rise to more subtle differences. As the promoter of a gene is largely responsible 

for its expression, it is not surprising that variations in the promoter regions are responsible for 

phenotypic variation in the form of expression levels or patterns. Promoter haplotypes of FCGR2B 

and FCGR2C, formed by two SNPs at nucleotide positions –120 and –386 have been previously 

shown to result in differences in transcriptional activity, most likely due to the deletion of existing or 

the formation of novel transcription factor binding sites (5,6). In Chapter 4, we have described 

another promoter variation that results in the expression of FcγRIIb on NK cells, which until now 

were only known to express FcγRIIIa and, in FCGR2C-ORF individuals, FcγRIIc. However, this 

change in cellular distribution of FcγRIIb is not due to one or more SNPs, but is instead the result of 

CNV. 
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CNV in genes encoding FcγRs includes FCGR2C, FCGR3A and FCGR3B, but has not been observed 

for FCGR2A and FCGR2B (7). There appear to be several different “breakpoints” in this locus, as the 

three FcγR genes involved in CNV at this locus are deleted and inserted in different combinations. It 

is not always clear what the exact locations of these breakpoints are. A deletion that includes part of 

the distal promoter region of FCGR2B, but not its coding sequence, seems to be involved in the cause 

of the aforementioned expression of FcγRIIb on NK cells (Chapter 3). In other words, the 

breakpoints are not necessarily “clean” in a way that the resulting insertions and deletions cover one 

or more intact genes (including the regulatory regions), but may also result in genes being only 

partially deleted or inserted In general, the number of copies of a gene at this locus reflects its 

expression level and, at least for FcγRIIIa and FcγRIIIb, increased expression has also been shown to 

result in increased function (7-9). 

 

Many genetic variations in the FCGR2/3 locus have been described to have been linked to disease 

susceptibility and severity and have functional consequences (Table 1 in this chapter and Table 2 in 

Chapter 1). However, in most studies the consequences have only been investigated at the level of a 

single receptor. On most immune cells several different FcγRs are expressed. The balance of their 

activating or inhibitory signals, determined by expression levels, polymorphic variants and the IgG 

subclasses by which they are stimulated, determines the outcome of the cellular response. If this 

balance is tipped to the activating side, the net response is more pro-inflammatory, but this may also 

increase the risk of auto-immunity or auto-inflammation. Increases in binding affinity and/or 

signaling strength of an activating FcγR, or decreases herein in the inhibitory FcγRIIb would be 

expected to tip the balance to this side. Indeed, in many cases it has been reported that such variants 

(FcγRIIa-H131, FcγRIIb-T232, FcγRIIc-ORF, FcγRIIIa-V158) increase susceptibility to and/or 

disease severity in auto-immune diseases (Table 1 and Chapter 3). Is the balance tipped towards the 

inhibitory side, the net response is less anti-inflammatory and may increase the risk of infection or 

tumorigenicity. This effect may be expected for FcγR variants having decreased activating or 

increased inhibitory characteristics and has, at least for FcγRIIa-R131, been confirmed for several 

infectious diseases (Table 1). Increasing complexity to this situation is added by our finding that the 

whole of the signals resulting from a combination of receptor variants can unexpectedly differ from 

the sum of their parts (Chapters 5 and 6). Moreover, at least some of the genes encoding low-affinity 

FcγRs are in linkage disequilibrium (10). Effects that have been reported for one FcγR variant may 

therefore actually be (partially) the result of another. This underscores the need to fully genotype 

donors in this kind of studies for their FCGR2/3 genes, as we have done using the Multiplex Ligation-

dependent Probe Amplification (MLPA) assay (7,11). 
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Summary of the most important findings in this thesis 

 

In Chapter 2, we describe a novel intronic SNP in FcγRIIa that leads to alternative splicing and the 

expression of exon6*, an intronic sequence that bears great resemblance to exon 6 in FcγRIIb1, but is 

normally not expressed in FcγRIIa. Of interest, we found that FcγRIIaexon6* is a gain-of-function 

receptor variant. Cells expressing this receptor have an increased intracellular Ca2+ response upon 

crosslinking compared to the wildtype FcγRIIa. Moreover, elastase release from FcγRIIaexon6* 

neutrophils upon stimulation with IgG is increased as well. We first found FcγRIIaexon6* in a patient 

with common variable immunodeficiency (CVID) that suffered from an anaphylactoid reaction upon 

infusion with IVIg. The patient had high levels of IgA antibodies, which can be detected in ~25% of 

CVID patients. Although IVIg preparations contain small amounts of IgA, the majority of these 

patients have no adverse reactions upon infusion. However, when we screened a small cohort of 

CVID patients, we did find a strong association of this “gain-of-function” FcγRIIaexon6* expression 

with the occurrence of these clinical anaphylactoid reactions. We have also screened other cohorts of  

patients treated with IVIg for reasons of the IVIG-related immunomodulating properties and found 

several patients that expressed FcγRIIaexon6*. None of the patients in these clinical cohorts were 

 

Table 1. Association of genetic variation in the FCGR locus with susceptibility to and severity of 

disease. 

Gene Type Variants Associations with disease susceptibility/severity 

FCGR2A SNP H131, R131 • R131 increases disease severity in meningococcal 

(12-15) and pneumococcal disease (16,17) 

• H131 increases disease severity in malaria (18-20) 

• H131 increases susceptibility to ITP (21) and 

Kawasaki disease (22,23)  

FCGR2B SNP  I232,  T232 • T232 decreases susceptibility to malaria (24) 

• T232 increases susceptibility to SLE (24-27) 

• T232 increases disease severity to ITP (28) in RA 

(29) 

•  

FCGR2B, 
FCGR2C 

Promoter 
haplotype 

2B.1, 2B.2, 2B.3, 
2B.4 

• 2B.4 increases susceptibility to SLE (5) 

FCGR2C SNP Q13, Stp13 

(FCGR2C-ORF 
and -Stop) 

• Q13 (FCGR2C-ORF) increases susceptibility to ITP 

(30) and Kawasaki disease (Chapter 3) 

FCGR2C-

ORF 

CNV 0, 1 or 2 copies • High copy number increases susceptibility to ITP (30) 

FCGR3A SNP V158, F158 • F158 increases susceptibility to SLE (31) 

• V158 increases disease severity in SLE (32) 

• V158 increases susceptibility to ITP (21,33) 

FCGR3A CNV 1, 2 or 3 copies  

FCGR3B Polymorphic 
variants 

NA1, NA2, SH • NA2 increases susceptibility to SLE (26,34) 

FCGR3B CNV 0, 1, 2 or 3 copies • Low copy number increases susceptibility to SLE 

(34-37), vasculitis (36), RA (38,39), Sjögrens 
syndrome (37) and systemic sclerosis (37,40)  
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considered to have aberrant immunoglobulin levels themselves and none of the patients had suffered 

from adverse reactions to IVIg. 

This suggests that FcγRIIaexon6* is a risk factor for anaphylaxis upon IVIg transfusion but only when 

the threshold for activation by IgG is lowered, such as is the case in hypo- or agammaglobulinemia. 

In other words, FcγRIIaexon6* may tip the balance of IgG-mediated signaling to the activating side. In 

other conditions, it may be expressed without any problems, as is indicated by the fact that these 

clinical manifestations do not occur in IVIg-treated patients with several other diseases. Moreover, we 

have found a single case of an FcγRIIaexon6* expressing individual in our cohort of healthy controls as 

well. 

As a gain-of-function activating FcγR, FcγRIIaexon6*, might be expected to be associated with 

susceptibility and/or disease severity in auto-immune disease. We did not find such associations in 

our cohorts of Kawasaki Disease or ITP patients, but the cohorts were relatively small, and possible 

associations may still exist in these or other disease conditions tested. The low allele frequency in 

which this mutation is found, will require large cohorts to provide enough statistical power. 

 

Two other novel genetic variations at the FGCR2/3 locus are described in Chapter 4. When an 

individual carries one or more copies of FCGR2C-ORF the immune cells can express FcγRIIc. 

Phenotypically, expression can be most easily verified on NK cells, which normally do not express 

any other isoform of FcγRII. We had routinely screened a large number of healthy individuals for 

expression of FcγRIIc on NK cells when we discovered that in some cases, there was a mismatch 

between genotype and phenotype. On one hand, NK cells from some individuals that were 

homozygous for FCGR2C-Stop bound a monoclonal antibody (mAb) that is specific for FcγRIIb and 

FcγRIIc, which are identical in their EC domains. On the other hand, we found that some individuals 

that carried an FCGR2C-ORF somehow did not bind these mAbs, contrary to what we normally 

observed. The so-called “non-classical FCGR2C-Stop” individuals, showing FcγRIIb or -c expression 

despite the stop codon in FCGR2C, all had a deletion of FCGR2C and FCGR3B that extended into 

the distal promoter region if FCGR2B, ultimately resulting in expression of FcγRIIb on NK cells. 

This expression was functional, as observed by decreased killing capacity of the NK cells of non-

classical FCGR2C-Stop individuals in an ADCC assay. Two intronic SNPs found in “non-classical 

FCGR2C-ORF” individuals resulted in alternative splicing and a subsequent novel stop codon, 

preventing FcγRIIc to be expressed. 

 

The meaning of the expression of FcγRIIc (as encoded by the classical FCGR2C-ORF gene) may 

have consequences which have not yet been fully explored. Remarkably, the genetic association of 

FCGR2C-ORF with the presence of autoimmune reactions such as ITP (30) has now also been found 

to be present in Kawasaki Disease, a pediatric vasculitis for which IVIG is the standard treatment of 

choice at this moment. This genetic association study has been described in Chapter 3. What the 

exact mechanism is and which immune cell(s) may be contributing most to the disease susceptibility 

and severity effect of the genetic variation at FCGR2C has yet to be studied at the functional level.  

 

In this respect we have made progress to understand the relation between genotype and phenotype but 

still need more functional data to understand the immunological implications.   Although the most 

common genetic variations in FcγR have already been extensively described and analyzed, our newly 

discovered variations show that there is more genetic variation in human FcγRs than was previously 

anticipated. Moreover, the relationship between genotype and phenotype becomes increasingly clear 

as more variations are being discovered. Our results show that phenotypic and/or functional 

differences between cells from individuals with seemingly identical genotypes can be formally 
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studied in greater detail and, at least in some cases, be used to explain the genotypic variation in the 

perspective of cellular function. 

Thus, we were able to further investigate some of the well-known receptor variants and the way they 

functionally interact with each other on neutrophils, as described in Chapter 5. Neutrophils, in a 

resting state, express both FcγRIIa and FcγRIIIb. Additionally, FCGR2C-ORF individuals also 

express FcγRIIc on their neutrophils (Chapter 4), albeit at a much lower level compared to FcγRIIa 

and FcγRIIIb. The best known variations of FcγRIIa and FcγRIIIb, i.e. H131R and NA1/NA2/SH, 

respectively, have been thoroughly investigated, but in the vast majority of the cases, studies have 

looked only at the variations of individual receptor types and not their combination of genotypes.  

 

In Chapter 5, instead of studying these variations separately, we have looked at haplotypes of 

FcγRIIa-H131R and FcγRIIIb-NA1/NA2 in an integrated fashion. We compared the neutrophil 

response towards IgG in terms of H2O2 production. Interestingly, we found that this response was 

dependent on the combination of the two variants in a way that would not be immediately expected 

from the individual variants’ characteristics. When comparing the response from neutrophils of 

different FcγRIIa genotypes between groups of individuals with different FcγRIIIb genotypes, 

responses were quite different, despite the fact that IgG binding affinity does not differ between 

FcγRIIIb-NA1 and -NA2 and receptor surface expression levels were identical. This can only be 

explained by differences in how these two receptors cooperate, which apparently depends on the 

polymorphic variants being expressed. The activation state of the neutrophil and/or the FcγR 

expression profile seems to be of importance for our observations as well. After overnight culturing of 

neutrophils in presence of G-CSF and IFN-γ, neutrophils express the high-affinity FcγRI as well and 

FcγRIIIb expression is decreased. In these conditions, all differences between haplotypes disappear. 

Blocking studies showed that, both in resting and in activated cells, FcγRII was the most important 

receptor in this assay. Blocking FcγRIIIb also partially inhibited the response, whereas FcγRI did not 

seem to play a role at all. Although our studies do not explain the mechanism behind the haplotypic 

differences, it would be of great interest to investigate whether or not responses in other immune cells 

with multiple FcγR types are similarly affected by the combinations of genetic variants of FcγRs at 

the surface of these cells.. 

 

In Chapter 6, we have investigated the functional consequences of the genetic variation in relation to 

ADCC of fully genotyped human neutrophils towards a therapeutic antibody-opsonized tumor cell 

line. As neutrophils are not capable of performing ADCC in a resting state, cells were preactivated 

overnight for these assays similarly to the neutrophils in the H2O2 production assay. As observed in 

the latter, no differences between haplotypes could be detected in activated neutrophils. However, 

when grouping results by individual receptor genotypes, we observed that individuals homozygous 

for either FcγRIIa-H131 or FcγRIIIb-NA1 displayed a significantly higher killing capacity when 

compared to the groups that were homozygous for FcγRIIa-R131 and FcγRIIIb-NA2, respectively. 

Again, the result of the combination of these two genotypes is different than would be expected from 

the parts. In contrast to what we have observed in the H2O2 assay, where FcγRIIa was clearly the 

dominant receptor, all three FcγR types seemed to collectively determine the response.  

Interestingly, the highest reduction in killing was observed by blocking FcγRI, but only in 

combination with FcγRIIa, FcγRIIIb, or both. When blocking single receptors, the highest reduction 

in ADCC was found with blocking FcγRIIIb antibodies.  

This may indicate that in our assay there are essentially two FcγR signaling routes, of which one uses 

both FcγRIIa and FcγRIIIb, and the other involves FcγRI. This hypothesis would fit with the fact that 

FcγRIIIb does not associate with the FcR-γ chain or with any other known signaling adaptor 
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molecule. It is generally believed that FcγRIIIb mediates signaling through cis-acting interactions 

with FcγRIIa, probably by serving as a tethering receptor (41).  

 

The importance of FcγRI in the ADCC assay is remarkable, in particular when compared to its role in 

the respiratory burst that we describe for activated neutrophils in Chapter 5. In the latter assay, FcγRI 

did not seem to play a detectable role at all. What could be the reason for this?  

One obvious difference between these assays is the use of a monoclonal antibody (a humanized IgG1 

isotype) in the ADCC assay versus the use of a polyclonal IgG preparation containing different IgG 

subclasses in the NADPH oxidase assay. On the other hand, IgG1 binds essentially all FcγRs on 

neutrophils and is also the major component in all clinical-grade IgG preparations that were used 

here.  

Alternatively, FcγRs may be triggered in a different fashion, or at least a different context, in these 

assays. It should be noted that while activation of the respiratory burst occurs in the ADCC assay by 

crosslinking of FcγRs, ROS are not required for the killing process (Matlung, unpublished). In the 

H2O2 production assay the stimulus must also result in crosslinking of FcγRs by IgG bound to the 

well itself, because IgG added at high dose to neutrophils kept in suspension do not show any 

induction of the respiratory burst, indicating the some cellular adhesion-related process is involved. 

These observations may indicate that either the adhesion to a culture plate or to a target cell will 

largely determine the clustering and/or activity of FcγRs under these conditions or that the FcγRI only 

plays a role in the NADPH-oxidase-independent ADCC activity. Thus, these two assays can not be 

compared easily and needs further study to elucidate the exact contribution to these cellular 

responses.  

 

Next to the contributions of the different FcγRs and the way how these FcγRs cooperate in various 

cellular functions, we have also demonstrated that CD47-SIRPα interactions inhibit neutrophil-

mediated ADCC, by inhibiting all FcγRs on neutrophils to a similar extent, irrespective of the 

genotypic variation in FcγRs. This latter finding is of particular interest because targeting CD47-

SIRPα interactions by antagonists, for instance, is able to potentiate the antibody-dependent 

destruction of cancer cells. Targeting the CD47-SIRPα interaction may thus be exploited for 

improving the clinical efficacy of cancer therapeutic antibodies, such as Trastuzumab, Rituximab, and 

Cetuximab, which are currently used for treating certain forms of cancer such as breast cancer, Non-

Hodgkin lymphoma, and gastrointestinal carcinomas. 
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Concluding remarks 

 

In this thesis, we have described several novel as well as previously known genetic variations in 

FcγRs and their functional and/or clinical importance. We have shown that the effect of 

polymorphisms do not necessarily only affect the receptor itself, but can also influence the 

cooperation with other FcγRs. Moreover, we have shown how another protein, SIRPα, can inhibit 

signaling by FcγRs. The more we know and understand about the genetic variation within the 

FCGR2/3 gene cluster, the better we can explain and even predict how phenotypic and functional 

variation translates in an in vitro cellular response to IgG. However, in vivo, the situation is much 

more complicated, because immune cells receive other stimulatory or inhibitory signals at the same 

time. It has become clear that there are many more (immuno)receptors expressed on immune cells, 

including the aforementioned SIRP family members and the killer-cell immunoglobulin-like receptors 

(KIRs). Moreover these receptors also appear to be subject to extensive genetic variation. As the 

stimulation of an immune cell will almost certainly involve different ligands that act in concert, not 

only the balance of activating and inhibitory signals from FcγRs, but the balance of every single 

signal in a cell will determine the ultimate response of the cell. Most certainly the knowledge with 

respect to the genotype-phenotype relationships among FcγRs described in this thesis serves as a 

paradigm for understanding this balance of signals in a bigger context, and it is anticipated that a 

deeper understanding of this will give insight into inter-individual differences in immunoreactivity 

and the susceptibility for the development of autoimmune diseases or cancer.  

 

For the studies in this thesis, we had two tools available that were of key importance. Firstly, we 

could make use of a readily available group of ~150 volunteers that were willing to provide us with 

blood donations on request. Secondly, we have made use of the so-called multiplex ligation-

dependent probe amplification (MLPA) assay that allowed us to determine, in one single run, a 

complete integrated profile of an individual’s genotype in terms of both functionally important FcγR 

polymorphisms and CNV at the FCGR2/3 locus. The combination of these two tools offered us a 

unique chance to select from a pool of genotyped volunteers, individuals that had specific genetic 

variations and compare them to each other in phenotype and function. The next goal should be to 

collect and combine such data for other immunoreceptors as well. This will increase the need for 

larger cohorts and the use of technical advances such as next-generation sequencing but the 

annotations within this locus are not easy and mistakes can be easily made if not appropriately 

aligned. Still, if we want to proceed to link genotype to phenotype and function, the additional 

targeted use of deep sequencing technology may well help to unravel the details within this locus to 

understand IgG-mediated immunity in greater depth. 
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