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ABSTRACT 
Systemic lupus erythematosus (SLE), a systemic autoimmune disorder, is 

characterized by the production of autoantibodies to nuclear constituents and 
inflammatory lesions in multiple organ systems. Although the pathogenesis of the 
disease is largely unknown, recent studies have suggested that disturbances in 
apoptosis and/or clearance of apoptotic cells may play an important role in the 
induction and perpetuation of autoantibody production. When autoantibodies 
subsequently complex to autoantigens present on apoptotic cells, ligation of Fcγ 
receptor (FcγR) will result in inflammation and disease development. Indeed, mice 
deficient in activating FcγRs were protected against inflammation in models of 
immune complex-mediated autoimmune disease, whereas deletion of the inhibitory 
FcγR increased autoantibody production and susceptibility to immune complex-
induced inflammation. Additionally, functional polymorphisms in FcγRs were shown 
to be associated with development of human SLE. This review focuses on the role of 
FcγRs in the initiation of autoantibody production, inflammatory handling of immune 
complexes, and disease development in SLE.   
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SYSTEMIC LUPUS ERYTHEMATOSUS  
Systemic lupus erythematosus (SLE) is a systemic autoimmune disease 

characterized by autoantibodies to nuclear constituents and inflammatory lesions in 
multiple organ systems. With a prevalence ranging from 15-50 per 100,000 in 
Caucasians, it is the second most common autoimmune disorder, leaving only 
rheumatoid arthritis. Although SLE can present itself at nearly any age, women in their 
childbearing years are primarily affected. Clinical manifestations are apparent in 
multiple organ systems, and may be extremely diverse between patients, ranging from 
skin rash and joint pain to severe and progressive glomerulonephritis (1). Elevated 
levels of antinuclear antibodies are a hallmark of the disease and are present in 99% of 
SLE patients. In addition, tissue deposition of immune complexes (ICs) is often 
observed, indicating that impaired handling of these complexes may be important in 
disease development.  

Considerable evidence is now available that the pathogenesis of SLE has a 
strong and complex genetic base (reviewed by (2;3)). Most of the candidate genes, 
identified by linkage analysis, association studies and observations in selected knock-
out and transgenic mouse models, play a role in antigen or IC handling. To date, the 
strongest evidence points to HLA, Fcγ receptor, complement and tumor necrosis factor 
polymorphisms as factors operative in the pathogenesis of SLE (2;4-7). Besides 
genetic factors, there are indications that environmental factors play an important role. 
Photosensitivity is one of the major symptoms of SLE, and excessive sunlight-
exposure may exacerbate or aggravate LE- specific skin lesions, and even influence 
systemic disease (8;9). 

Despite the identification of susceptibility genes, the actual pathogenesis of SLE 
is still largely unknown (2;10). Essentially, development of disease seems to require 
two, partially independent, events to take place. First, autoimmunity needs to be 
initiated by breaking tolerance to self-antigens, resulting in the generation of 
autoantibodies (11) (Fig 1). It has been shown that large amounts of apoptotic cells are 
able to break tolerance, leading to autoantibody production in mice (12). In SLE 
patients, elevated levels of apoptotic cells have been found in blood (13), suggesting a 
possible role for these cells in the development of disease. Increased expression of 
certain apoptosis-inducing molecules like FAS on lymphocytes of SLE patients seems 
to reflect susceptibility to increased apoptosis induction (14;15), although reduced 
uptake of apoptotic cells has also been implicated in SLE (16). Both mechanisms will 
lead to a prolonged exposure of the immune system to autoantigens present on the 
surface of apoptotic cells, such as dsDNA, SSA, SSB and nRNP (17). Indeed, when a 
higher apoptotic cell load is present for a longer period of time, apoptotic cells may go 
into secondary necrosis and handled by the immune system in a pro-inflammatory 
manner. Alternatively, autoantigens may be modified (for example, by cleavage) 
during the apoptotic process, and when subsequently translocated to the cell surface 
(18), recognized as foreign antigens by the immune system. Subsequently, patients, 
elevated levels of apoptotic cells have been found in blood (13), suggesting a possible 
role for these cells in the development of disease. Increased expression of certain 
apoptosis-inducing molecules like FAS on lymphocytes of SLE patients seems 

  
 
 

C
H

AP
TE

R
 7

C
H

AP
TE

R
 7

C
H

AP
TE

R
 7

C
H

AP
TE

R
 7



 
CHAPTER 7 

 92

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Figure 1: A model for development of SLE. Primary event in the development of SLE is the 
breaking of T-cell and B-cell tolerance by increased levels of apoptotic cells. This might be caused 
by defects in apoptosis resulting in increased apoptosis induction. On the other hand, absolute or 
relative deficiencies in opsonizing factors and/or intrinsic phagocytotic defects can reduce the rate 
of apoptotic cell clearance. Apoptotic cells expressing autoantigens on their surface will 
accumulate and may break tolerance. This mechanism is hypothesized to involve DCs that, upon 
prolonged exposure to autoantigens, will induce loss of T-cell tolerance and inflammation. 
Subsequently, autoreactive B-cells will be exposed to autoantigen and receive co-stimulation from 
T-cells, resulting in sufficient survival signals and loss of B-cell tolerance, and finally autoantibody 
production.  

 
to reflect susceptibility to increased apoptosis induction (14;15), although reduced 
uptake of apoptotic cells has also been implicated in SLE (16). Both mechanisms will 
lead to a prolonged exposure of the immune system to autoantigens present on the 
surface of apoptotic cells, such as dsDNA, SSA, SSB and nRNP (17). Indeed, when a 
higher apoptotic cell load is present for a longer period of time, apoptotic cells may go 
into secondary necrosis and handled by the immune system in a pro-inflammatory 
manner. Alternatively, autoantigens may be modified (for example, by cleavage) 
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during the apoptotic process, and when subsequently translocated to the cell surface 
(18), recognized as foreign antigens by the immune system. Subsequently, activation 
and proliferation of autoreactive B cells will result in the production of autoantibodies. 

Upon breaking of tolerance, immune complex formation of autoantibodies with 
apoptotic cells, apoptotic bodies, or nucleosomes, will initiate pro-inflammatory 
clearance and deposition of these complexes in specific organs, resulting in induction 
of inflammation and tissue destruction. In physiological situations, phosphatidylserine 
exposure on the outside of apoptotic cells and binding of complement factors and 
certain pentraxins like SAP to these cells, have been shown to facilitate the uptake of 
apoptotic cells (12;19;20) (reviewed in (21)) in an anti-inflammatory manner (22). The 
intriguing finding that the vast majority of patients with a congenital deficiency of 
complement components spontaneously develop SLE-like disease (23) indicates once 
more the contribution of defective apoptotic cell clearance in the initiation of this 
disease. Indeed, reduced opsonin levels due to consumption or deficiency and the 
presence of autoantibodies in a disease like SLE will promote a pro-inflammatory 
rather than an anti-inflammatory response, primarily through ligation of Fcγ receptor 
(24;25).  

 
Animal models for SLE 

Several animal models of spontaneous autoimmune disease have been 
described, as reviewed in (26). For SLE, one of the best characterized models for 
disease is the New Zealand hybrid model, in which F1 hybrids of New Zealand black 
(NZB) and New Zealand white (NZW) mouse strains develop lupus-like disease. One 
of the first identified susceptibility loci, the Sle1 gene cluster, is derived from the 
NZW strain, and has been shown to lead to loss of tolerance and production of anti-
nuclear antibodies (ANA), even in a C57Bl/6 background. Two other models, the 
MRL-lpr/lpr and BXSB/MpJ (BXSB) mouse strains, carry single gene mutations that 
are able to accelerate lupus-like disease. MRL-lpr/lpr mice, a mixture of 3 different 
backgrounds, are homozygous for the lymphoproliferation (lpr) mutation in the Fas 
gene. Male BXSB mice, a recombinant inbred of C57BL/6J and SB/Le strains, carry 
the Y-linked yaa (Y chromosome-linked autimmune acceleration) gene, which has 
been shown to accelerate disease in males of several autoimmune-susceptible strains 
(BXSB, C57Bl/6. Sle1) (27). The (NZBxNZW)F1, MRL-lpr/lpr, and BXSB mice all 
develop high levels of IgG autoantibodies to nuclear antigens, including dsDNA, and 
progressive severe glomerulonephritis. Moreover, (NZBxNZW) F1 mice show earlier 
and more severe disease in females, which resembles human SLE. All these mouse 
models have been used as models for studying the pathogenesis of SLE. 

 
FCγ RECEPTORS 

Autoantibodies produced in SLE and most other autoimmune diseases are 
mainly of the IgG class. In this review we will therefore focus on the receptors for this 
ligand, also known as FcγReceptors (FcγRs) (reviewed in (6;28)). FcγRs are mainly 
expressed on leukocytes and can bind the Fc domain of IgG antibodies, providing a 
critical link between the humoral and cellular branches of the immune system. A large 
structural and functional diversity exists between the different FcγRs. Based on genetic 
and structural analysis, three subclasses can be distinguished: FcγRI (CD64), FcγRII  
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Figure 2: Human FcγRs are structurally and functionally diverse and expressed on distinct cell 
types. All receptors belong to the immunoglobulin super family, with their extracellular regions 
composed of disulphide-bonded domains. FcγRI, FcγRIIa and FcγRIIIa are activating receptors, 
characterized by the presence of a tyrosin-based activation motif (ITAM) (depicted in green) in the 
cytoplasmic domain of the receptor (FcγRIIa), or associated with the receptor as an accessory 
signaling subunit (like the common γ-chain). FcγRIIb represents an inhibitory receptor, containing 
a tyrosine-based inhibitory motif (ITIM) in its cytoplasmic domain. FcγRIIIb is linked to the plasma 
membrane via a glycosyl phosphatidyl-inositol (GPI) anchor. Only FcγRI has high affinity for IgG, 
all the other receptors have lower affinity and can only bind ICs. Each receptor is expressed on a 
particular subset of cells. 

 
 

(CD32) and FcγRIII (CD16). FcγRI , also known as the high affinity receptor, is able 
to bind monomeric IgG as well as ICs, whereas the low-affinity receptors FcγRII and 
FcγRIII bind IgG only when it is part of an IC.  These FcγRs harbor different affinities 
for the various IgG isotypes and each have distinct cell-specific expression (Fig 2) and 
function.  

  
Activating receptors  

FcγRI, FcγRIIa and FcγRIIIa are activating receptors, characterized by the 
presence of an immunoreceptor tyrosine-based activation motif (ITAM). In contrast, 
FcγRIIIb is a GPI-linked receptor found only in humans, and is thought to be a 
neutrophil specific decoy receptor able to bind IgG ICs without triggering activation. 
In the case of FcγRIIa, a receptor unique to humans, the ITAM-motif is present in the 
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cytoplasmic tail of the receptor. However, more commonly the activating motif is part 
of an associated subunit, the γ or ζ chain, as in FcγRI and FcγRIIIa, which are 
receptors that are conserved between mouse and human. Cross-linking and possibly 
dimerization of these ITAM-containing receptors can result in tyrosine 
phosphorylation of the ITAM. Depending on the particular cell type expressing the 
FcγR, different kinases are involved in the signalling pathways, similar to pathways of 
other ITAM-containing receptors like B-cell receptors (BCR) and T-cell receptors 
(TCR). Triggering of these receptors activates cellular signalling resulting in 
degranulation, phagocytosis, antibody dependent cellular cytoxicity (ADCC), 
transcription of cytokine genes, and release of inflammatory mediators.  

A second important function of these activating receptors is the uptake of ICs 
by dendritic cells and macrophages. Crosslinking of FcγR by ICs has been shown to 
induce DC maturation in vitro (29). Antigen presentation was shown to be more 
efficient when an IC is internalized by FcγRs, compared to nonspecific uptake 
mechanisms (30). Internalization of captured ICs leads to degradation and subsequent 
antigen presentation by MHC class I and II molecules (30).  The diverse functions of 
these activating receptors together regulate a large portion of antibody-dependent 
inflammatory processes and therefore will probably have an important role in 
autoantibody mediated damage in diseases like SLE.  

 
Inhibitory receptors 

FcγRIIb is an inhibitory receptor, carrying an immunoreceptor tyrosine-based 
inhibition motif (ITIM) in its cytoplasmic domain. It has low affinity for IgG, and can 
bind ICs but not monomeric IgG. Two membrane-bound FcγRIIb isoforms, FcγRIIb1 
and FcγRIIb2 have been described (28;31). They are encoded by the same gene, but 
show distinct cell-type distribution and functions. FcγRIIb1 is exclusively expressed 
on B cells and, upon crosslinking with the B-cell antigen receptor (BCR) by IgG-
containing ICs, it acts as a negative feedback regulator by inhibiting BCR-elicited 
activation signals. Alternative splicing of the first intra-cytoplasmic exon results in 
FcγRIIb2, which is mainly expressed on macrophages, where it internalizes bound 
IgG-containing ICs enabling antigen presentation.  

FcγRIIb may initiate three distinct inhibitory activities. First, it inhibits ITAM-
triggered calcium mobilization by co-engagement to an ITAM-containing receptor, for 
example an activating FcγR, influencing calcium-dependent processes like 
degranulation, phagocytosis, ADCC, pro-inflammatory activation and cytokine 
release. Activating and inhibiting FcγRs are often co-expressed on the same cell, a 
physiologically important way of setting thresholds for activating stimuli by co-
engagement of the IgG ligands (ICs) through both receptors. A second inhibiting effect 
of this receptor, specifically on B cells, results in arrest of B cell proliferation, which 
uses an ITIM-dependent pathway different from calcium mobilization (32;33). Finally, 
homo-aggregation of FcγRIIb on B cells has been shown to be a pro-apoptotic signal, 
mediated by an ITIM-independent pathway, which is blocked upon co-ligation of the 
BCR. Thus, in the germinal center, where ICs are retained by follicular dendritic cells, 
FcγRIIb may be an active determinant in the negative selection of B cells whose BCRs 
have reduced affinity for antigen as a result of somatic hypermutation, maintaining 
peripheral tolerance (34). Recently, however, it was observed that in the pre-B-cell 
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stage, FcγRIIb diminishes the signals for apoptosis, and therefore might be critical in 
mediating expansion of the antibody repertoire (35).  

These studies indicate that signals transduced both by activating and inhibitory 
FcγRs may be able to prevent or promote autoimmunity, which will be discussed in the 
following paragraphs. 

 
ROLE OF FCγ RECEPTORS IN THE PATHOGENESIS OF SLE 

As indicated earlier, the pathogenesis of SLE requires two, partially 
independent, events to take place: 1) initiation of autoimmunity, and 2) induction of 
inflammatory lesions. The characteristics of FcγRs and their ability to bind and 
internalize IgG and IgG containing ICs implies that they may contribute profoundly to 
autoimmunity, especially in the induction of inflammatory lesions. Research over the 
last decade, however, has made it plausible that FcγRs play a crucial role in the 
initiation of autoimmunity as well, particularly in SLE (6;36).  

To elucidate the genetic control of different FcγR pathways involved in the 
pathogenesis of SLE, animal models can be used. Mice deficient in FcγRI, FcγRIIb, 
and the common γ-chain have recently been generated in various genetic backgrounds, 
including mouse models of spontaneous autoimmune disease.  

  
Deficiency of the inhibitory FcγRIIB 

As would be expected with regard to the inhibitory properties of FcγRIIb1 and 
2, FcγRIIb-deficient mice show various enhanced responses, such as elevated 
immunoglobulin levels in response to thymus-dependent and –independent antigens, 
and enhanced anaphylaxis (37).  In addition, IC-mediated inflammatory responses are 
increased, including susceptibility to arthritis in induced mouse models (38-40). 
Bolland et al showed that spontaneous autoimmune disease occurs in FcγRIIB-
deficient mice, resulting in production of autoantibodies and severe autoimmune 
glomerulonephritis (41). The development of autoimmune disease was, however, 
shown to be strain specific. C57Bl/6 FcγRIIB-/- were affected, in contrast to the 
BALB/c background, where tolerance to nuclear antigens was maintained and mice 
were protected against the development of autoimmunity. This indicates that 
development of autoimmunity in FcγRIIB-/- mice is dependent on the loss of 
peripheral tolerance by FcγRIIb-deficient B-cells in specific backgrounds only.  

To investigate the mechanisms that contribute to loss of tolerance and disease 
progression due to FcγRIIB-deficiency, further genetic studies were performed. 
Hybrids between C57Bl/6 FcγRIIB-/- and Sle1 were generated to analyze the 
autoimmune phenotype and to test a possible genetic interaction between Sle1 and 
FcγRIIB, as these genes are present on approximately the same locus of chromosome 1 
(42). Compound heterozygotes were shown to develop significant disease, while single 
heterozygotes displayed no evidence of autoimmunity or disease, indicating that Sle 1 
and C57Bl/6 FcγRIIB-/- follow a common genetic pathway resulting in loss of 
tolerance to nuclear antigens. Crossing the yaa gene into the C57Bl/6 FcγRIIB-/- 
mouse model resulted in acceleration of autoimmune disease, probably by changing 
the specificity of the autoantibodies. Indeed, ANA produced in these mice were altered 
compared with the parental C57Bl/6 FcγRIIB-/- mice, as indicated by altered ANA 
titers and nuclear staining patterns.  
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However, introduction of the lpr gene into C57Bl/6 FcγRIIB-/- mice was shown 
to have the opposite effect. ANA titers were comparable to the C57Bl/6 FcγRIIB-/-  
parental strain, but these mice had a longer life span and little evidence of proteinuria, 
suggesting autoantibody production to be uncoupled from autoimmune disease in these 
mice, thus preventing disease progression (42). A more recent paper seems to 
contradict this protective role of lpr, showing aggravating disease using the same 
approach (43). Although no reason for this discrepancy was given, the presence or 
absence of crucial genes adjacent to the FcγRIIB locus could be of influence. In 
general, these findings indicate that FcγRIIB-deficiency, in specific genetic 
backgrounds, plays an important role in the initiation of autoimmunity.  

 
Deficiency of activating FcγRs 

Autoantibodies produced after initiation of autoimmunity are not the only 
requirement for disease expression. As such, the role of activating FcγRs seems to be 
more evident in the effector arm of the autoimmune process, inducing and maintaining 
inflammatory lesions after breaking of tolerance. Mice that are deficient in the γ-
signalling chain have no expression of FcγRIII (37) and very low expression of FcγRI 
(44), while FcγRIIb is expressed at normal levels. The Arthus reaction, an in vivo 
model for immune complex disease, is attenuated in γ-chain deficient mice, indicating 
involvement of activating FcγRs receptors in this process. Mice lacking either FcγRI 
(44;45) or FcγRIII (46;47), on C57Bl/6 or 129/SvJ backgrounds, do not spontaneously 
develop autoimmunity, but the passive Arthus reaction is impaired in both models. 
From studies of immune complex-mediated arthritis induced in these FcγR-deficient 
mice, it appears that FcγRIII is the dominant activating receptor mediating joint 
inflammation, while both FcγRI and III are involved in cartilage destruction (48;49).  

In the lupus-prone NZB/W F1 background, mice deficient for the common γ-
chain were shown to have similar levels of ICs in serum and immune deposits in the 
kidney compared to non-deficient animals. These findings suggest a minimal role for 
FcγRI and III in the induction of autoantibodies and the clearance of ICs. Interestingly, 
γ-chain deficient mice were protected from severe glomerulonephritis and survived, 
whereas non-deficient animals did not. After induction of glomerulonephritis by anti-
glomerular basement membrane (GBM) antibodies in a non-lupus prone background, 
γ-chain knockout mice were also protected from fatal glomerulonephritis. These data 
indicate FcγRI and FcγRIII to be important in the pathogenic processes that damage 
the kidney (50;51), and possibly other organs. It should be noted that in humans, 
FcγRIIa (not present in mice) could play an additional role in IC clearance and 
inflammation, as this receptor is able to bind and internalize ICs as well. 

In marked contrast to these findings is a recent study by Matsumoto et al (52). 
In the lupus-prone MRL-lpr/lpr background, mice deficient for the common γ-chain 
were shown to develop glomerulonephritis, even though the Arthus reaction was 
impaired in these mice. The differences in the pathological outcome between 
(NZBxNZW)F1 and MRL-lpr/lpr γ chain-deficient mouse models may be explained 
three-fold. First, it could be argued that the ligation of FcγR does not play a prominent 
role in the development of glomerulonephritis in this particular model. Secondly, 
autoantibodies and ICs produced in this model could be of an aberrant subtype, not 
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interacting efficiently with FcγRI or FcγRIII. Finally, the disease-initiating lpr locus 
could result in a defect upstream of the IgG-FcγR interaction. The latter hypothesis is 
supported by the study of Bolland et al (42), that demonstrated the lpr locus to have a 
protective property.  

In summary, recent findings indicate FcγRIIb to be important in initiation of 
autoimmunity by modulating activation of B cells and subsequent antibody production, 
thus contributing to break tolerance. FcγRI and III seem to be crucial for disease 
expression and maintenance, probably by pro-inflammatory handling of autoantibody-
containing ICs.  

 
Polymorphisms in FcγRs 

Genome-wide scans have identified several regions in the human genome that 
may contribute to SLE susceptibility. Besides the extensively studied human major 
histocompatibility complex (MHC), one locus that has shown strong linkage with SLE 
in several independent families is the FcγR locus at chromosome 1q23 (53;54). Of 
particular interest in this region are the functionally polymorphic genes encoding 
FcγRIIA, FcγRIIIA, and FcγRIIIB. Recently, Kyogoku et al detected a single-
nucleotide polymorphism in the human FcγIIB gene, resulting in an isoleucine to 
threonine substitution at position 232 (I232T) in the transmembrane region of the 
receptor, and demonstrated this polymorphism to be associated with susceptibility to 
SLE in Japanese and Thai populations (55;56). In particular, a strong association was 
found with the development of lupus nephritis. Indeed, the FcγRIIB-232I/T 
polymorphism may influence the function of FcγRIIb1, thus allowing the production 
of autoantibodies by B-cells through insufficient negative regulation. Alternatively, as 
the transmembrane domain of FcγRIIb1 contributes to induction of B cell apoptosis 
(34), this polymorphism could alter apoptotic signaling, allowing survival of B cells 
that produce autoantibodies. Both these processes will enhance break of tolerance to 
self-antigens.  

The arginine to histidine substitution at position 131 (R131H) of FcγRIIa  is the 
result of a single-nucleotide change that alters the binding of various IgG subclasses. 
The FcγRIIa-R131 allele has been demonstrated to interact less efficiently with IgG 
subclasses, in particular IgG2 (57). Functionally, this polymorphism has been shown 
to affect clearance of immune complexes in vivo in a small patient population (58). 
Various studies reported an increased frequency of the FcγRIIa-R131 allele in patients 
with SLE in different populations (58-62), particularly when the IgG2-subclass of 
autoantibodies, e.g. anti-C1q autoantibodies, was relatively predominant (63;64). In a 
recent meta-analysis of 17 studies involving 3000 SLE patients, Karassa et al 
confirmed the FcγRIIa-R131H polymorphism to represent a significant risk factor for 
SLE. This indicates that, indeed, FcγRIIa contributes to the initiation of autoimmunity. 
In addition, the FcγRIIa-R131H polymorphism appears to play a role in the 
development of several pathogenic processes associated with SLE, although the effect 
on susceptibility to lupus nephritis may be disputed (58;62;65;66). 

The valine to phenylalanine substitution at position 158 (V158F) of FcγRIIIA is 
the result of a single-nucleotide difference as well, and the FcγRIIIa-F158 allele has 
been demonstrated to interact less efficiently with human IgG1 and human IgG3 (67).  
The pattern of receptor expression (NK cells, macrophages and a subpopulation of 

C
H

APTER
 7

C
H

APTER
 7

C
H

APTER
 7

C
H

APTER
 7



 
Fcγ receptors in pathogenesis of SLE 

 99

circulating monocytes), the functional consequences of the polymorphism, and the role 
of this receptor in immune complex clearance make FcγRIIIA a highly relevant 
candidate gene in SLE. Indeed, this polymorphism was shown to be associated with 
SLE in several ethnic groups (58;68-71). Recently, Edberg et al confirmed these data 
by demonstrating linkage of FcγRIIIA with SLE in both family-based and case-
control-based association studies (72). It should be noted, however, that this 
association was not confirmed in all populations. These inconsistencies may be 
explained by differences in disease phenotypes between patients. In collaboration with 
Kyogoku et al, we have shown that a stronger association with the FcγRIIIa-V158F 
polymorphism exists in patients who are positive for anti-dsDNA antibodies (56). In 
accordance with the functional consequences of this polymorphism, these antibodies 
were shown to largely belong to the IgG1 and IgG3 subclasses (73).  

The NA1 and NA2 alleles of FcγRIIIb are the result of 5 nucleotides changes 
that lead to 4 amino acid changes in the membrane distal extracellular domain of the 
receptor. Current evidence suggests that these alleles bind IgG with comparable 
affinity, although the NA1-allele exerts greater quantitative functional responses than 
the NA2-allele. FcγRIIIb is expressed on neutrophils only; therefore, its role in SLE 
may not be of great importance. In a study by Hatta et al, association of the NA2 allele 
with SLE in a Japanese population was demonstrated, although the same group did not 
find this association when a larger number of Japanese patients and controls were 
studied (56). Likewise, no associations were found in other Asian cohorts and 
Caucasian populations (74). Combined with the knowledge that FcγRIIIb does not 
posses any signaling capacity, a crucial role of FcγRIIIB in SLE seems doubtful. 

Finally, combinations of defects in FcγRIIA and FcγRIIIA were shown to be 
particularly deleterious, both in African American and Caucasian patients. However, 
the fact that only one defective variant is already associated with SLE indicates that 
these receptors have distinct functions in the development of autoimmunity (7). In 
summary, these data confirm polymorphisms in FcγRIIa, FcγRIIb and FcγRIIIa to be 
associated with SLE in humans, and suggests a role for these genes in the development 
and expression of disease. 

 
Fcγ receptors in the SLE model 

Fc receptors for IgG appear to be crucial role in the development of 
autoimmune diseases such as SLE. In figure 3, the data presented in this review are 
integrated in a model for the pathogenesis of SLE, highlighting the role of FcγRs.  
For SLE to develop tolerance to self-antigens needs to be broken and an immune 
response initiated. As described in this review, FcγRIIb plays an important regulatory 
role in the activation of B cells. Therefore, polymorphisms in this gene could influence 
auto-reactive B cells to be more receptive to activation. Data from mice deficient in 
activating receptors argue against a contribution of these FcγRs in the initiation of 
autoimmunity (Fig 3A). Upon breaking of tolerance, autoantibodies are produced and 
immune complexes between autoantibodies and apoptotic cells, apoptotic bodies, or 
nucleosomes will form anywhere in the body. These complexes will subsequently 
interact primarily with activating FcγRs, directing the phagocyte response towards pro-
inflammatory handling of the apoptotic material. Ligation of activating FcγRs will  
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Figure 3: FcγRs in the initiation and progression of SLE pathogenesis. A) FcγRIIb has an 
important function in the regulation of B cell activation and has been shown to be important for the 
initiation of autoimmunity. B) FcγRs on antigen presenting cells will bind immune complexes of 
apoptotic cells opsonized by anti-nuclear autoantibodies. Uptake and subsequent antigen 
presentation will be modulated by both inhibitory and activating FcγRs. Efficient antigen 
presentation to T cells will keep stimulating the immune response. C) Uptake of apoptotic cells is 
normally facilitated via interaction of phosphatidylserine on the apoptotic cell and its receptor on 
macrophages, and via binding opsonizing factors like complement, SAP and CRP to apoptotic cells. 
Ligation of ICs to activating FcγRs will result in internalization and transduce mainly pro-
inflammatory signals, which may be modulated by the inihibitory FcγRIIb. In the presence of auto-
antibody containing ICs, the balance of these signals shifts from a predominant anti-inflammatory 
to a pro-inflammatory response, resulting in local tissue damage and eventually disease. D) Control 
of the humoral response after initiation will be modulated primarily by FcγRIIb. BCR= B cell 
receptor, FDC= Folicular Dendritic cell, MΦ= macrophage. 

 
result in inflammation and local tissue destruction, as observed in glomerulonephritis 
(Fig 3C). Because activating FcγRs contribute to efficient in antigen presentation, they 
also contribute to maintain the inflammatory process after initiation (Fig 3B). It should 
be noted that FcγRIIb, by interaction with ICs captured by follicular dendritic cells 
(FDC) in B cell follicles, is able to modulate autoantibody production after initiation of 
autoimmunity as well (Fig 3D).  

The continuous presence of apoptotic cells in the human body will provide a 
constant stimulation of this inflammatory process, making SLE hard to cure.  
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CONCLUSION  
  Activating and inhibitory FcγRs seem to play an important role in the 

pathogenesis of SLE, both in initiation of autoimmunity and in subsequent 
development of inflammatory lesions. Although initiation of autoimmunity will be 
hard to prevent, the ensuing development and maintenance of inflammatory processes 
could potentially be influenced at the level of FcγRs. Modulating FcγR signaling could 
influence the response to ICs and the course of the disease, making FcγR a potential 
target for therapy.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C
H

AP
TE

R
 7

C
H

AP
TE

R
 7

C
H

AP
TE

R
 7

C
H

AP
TE

R
 7



 
CHAPTER 7 

 102

Reference List 
 
 1.  Kotzin,B.L. 1996. Systemic lupus erythematosus. Cell 85:303-306. 

 2.  Vyse,T.J. and Kotzin,B.L. 1998. Genetic susceptibility to systemic lupus erythematosus. 
Annu.Rev.Immunol. 16:261-292. 

 3.  Wakeland,E.K., Liu,K., Graham,R.R., and Behrens,T.W. 2001. Delineating the genetic basis 
of systemic lupus erythematosus. Immunity. 15:397-408. 

 4.  Tsuchiya,N., Ohashi,J., and Tokunaga,K. 2002. Variations in immune response genes and 
their associations with multifactorial immune disorders. Immunol.Rev. 190:169-181. 

 5.  Reveille,J.D., Moulds,J.M., Ahn,C., Friedman,A.W., Baethge,B., Roseman,J., Straaton,K.V., 
and Alarcon,G.S. 1998. Systemic lupus erythematosus in three ethnic groups: I. The effects of 
HLA class II, C4, and CR1 alleles, socioeconomic factors, and ethnicity at disease onset. 
LUMINA Study Group. Lupus in minority populations, nature versus nurture. Arthritis 
Rheum. 41:1161-1172. 

 6.  Dijstelbloem,H.M., van de Winkel,J.G., and Kallenberg,C.G. 2001. Inflammation in 
autoimmunity: receptors for IgG revisited. Trends Immunol. 22:510-516. 

 7.  Sullivan,K.E., Jawad,A.F., Piliero,L.M., Kim,N., Luan,X., Goldman,D., and Petri,M. 2003. 
Analysis of polymorphisms affecting immune complex handling in systemic lupus 
erythematosus. Rheumatology (Oxford) 42:446-452. 

 8.  Ansel,J.C., Mountz,J., Steinberg,A.D., DeFabo,E., and Green,I. 1985. Effects of UV radiation 
on autoimmune strains of mice: increased mortality and accelerated autoimmunity in BXSB 
male mice. J.Invest Dermatol. 85:181-186. 

 9.  Zamansky,G.B. 1985. Sunlight-induced pathogenesis in systemic lupus erythematosus. 
J.Invest Dermatol. 85:179-180. 

 10.  Han,G.M., Chen,S.L., Shen,N., Ye,S., Bao,C.D., and Gu,Y.Y. 2003. Analysis of gene 
expression profiles in human systemic lupus erythematosus using oligonucleotide microarray. 
Genes Immun. 4:177-186. 

 11.  Ohashi,P.S. and DeFranco,A.L. 2002. Making and breaking tolerance. Curr.Opin.Immunol. 
14:744-759. 

 12.  Mevorach,D., Zhou,J.L., Song,X., and Elkon,K.B. 1998. Systemic exposure to irradiated 
apoptotic cells induces autoantibody production. J.Exp.Med. 188:387-392. 

 13.  Perniok,A., Wedekind,F., Herrmann,M., Specker,C., and Schneider,M. 1998. High levels of 
circulating early apoptic peripheral blood mononuclear cells in systemic lupus erythematosus. 
Lupus 7:113-118. 

 14.  Bijl,M., Horst,G., Limburg,P.C., and Kallenberg,C.G. 2001. Anti-CD3-induced and anti-Fas-
induced apoptosis in systemic lupus erythematosus (SLE). Clin.Exp.Immunol. 123:127-132. 

 15.  Emlen,W., Niebur,J., and Kadera,R. 1994. Accelerated in vitro apoptosis of lymphocytes from 
patients with systemic lupus erythematosus. J.Immunol. 152:3685-3692. 

C
H

APTER
 7

C
H

APTER
 7

C
H

APTER
 7

C
H

APTER
 7



 
Fcγ receptors in pathogenesis of SLE 

 103

 16.  Herrmann,M., Voll,R.E., Zoller,O.M., Hagenhofer,M., Ponner,B.B., and Kalden,J.R. 1998. 
Impaired phagocytosis of apoptotic cell material by monocyte-derived macrophages from 
patients with systemic lupus erythematosus. Arthritis Rheum. 41:1241-1250. 

 17.  Casciola-Rosen,L.A., Anhalt,G., and Rosen,A. 1994. Autoantigens targeted in systemic lupus 
erythematosus are clustered in two populations of surface structures on apoptotic 
keratinocytes. J.Exp.Med. 179:1317-1330. 

 18.  Zampieri,S., Degen,W., Ghiradello,A., Doria,A., and van Venrooij,W.J. 2001. 
Dephosphorylation of autoantigenic ribosomal P proteins during Fas-L induced apoptosis: a 
possible trigger for the development of the autoimmune response in patients with systemic 
lupus erythematosus. Ann.Rheum.Dis. 60:72-76. 

 19.  Fadok,V.A., Voelker,D.R., Campbell,P.A., Cohen,J.J., Bratton,D.L., and Henson,P.M. 1992. 
Exposure of phosphatidylserine on the surface of apoptotic lymphocytes triggers specific 
recognition and removal by macrophages. J.Immunol. 148:2207-2216. 

 20.  Bijl,M., Horst,G., Bijzet,J., Bootsma,H., Limburg,P.C., and Kallenberg,C.G. 2003. Serum 
amyloid P component binds to late apoptotic cells and mediates their uptake by monocyte-
derived macrophages. Arthritis Rheum. 48:248-254. 

 21.  Nauta,A.J., Daha,M.R., Kooten,C., and Roos,A. 2003. Recognition and clearance of apoptotic 
cells: a role for complement and pentraxins. Trends Immunol. 24:148-154. 

 22.  Fadok,V.A., Bratton,D.L., Konowal,A., Freed,P.W., Westcott,J.Y., and Henson,P.M. 1998. 
Macrophages that have ingested apoptotic cells in vitro inhibit proinflammatory cytokine 
production through autocrine/paracrine mechanisms involving TGF-beta, PGE2, and PAF. 
J.Clin.Invest 101:890-898. 

 23.  Walport,M.J. 2001. Complement. Second of two parts. N.Engl.J.Med. 344:1140-1144. 

 24.  Manfredi,A.A., Rovere,P., Galati,G., Heltai,S., Bozzolo,E., Soldini,L., Davoust,J., 
Balestrieri,G., Tincani,A., and Sabbadini,M.G. 1998. Apoptotic cell clearance in systemic 
lupus erythematosus. I. Opsonization by antiphospholipid antibodies. Arthritis Rheum. 41:205-
214. 

 25.  Mevorach,D. 2000. Opsonization of apoptotic cells. Implications for uptake and 
autoimmunity. Ann.N.Y.Acad.Sci. 926:226-235. 

 26.  Theofilopoulos,A.N. and Dixon,F.J. 1985. Murine models of systemic lupus erythematosus. 
Adv.Immunol. 37:269-390. 

 27.  Morel,L., Croker,B.P., Blenman,K.R., Mohan,C., Huang,G., Gilkeson,G., and Wakeland,E.K. 
2000. Genetic reconstitution of systemic lupus erythematosus immunopathology with 
polycongenic murine strains. Proc.Natl.Acad.Sci.U.S.A 97:6670-6675. 

 28.  Ravetch,J.V. and Bolland,S. 2001. IgG Fc receptors. Annu.Rev.Immunol. 19:275-290. 

 29.  Banki,Z., Kacani,L., Mullauer,B., Wilflingseder,D., Obermoser,G., Niederegger,H., 
Schennach,H., Sprinzl,G.M., Sepp,N., Erdei,A. et al. 2003. Cross-linking of CD32 induces 
maturation of human monocyte-derived dendritic cells via NF-kappaB signaling pathway. 
J.Immunol. 170:3963-3970. 

 30.  Amigorena,S. and Bonnerot,C. 1999. Fc receptor signaling and trafficking: a connection for 
antigen processing. Immunol.Rev. 172:279-284. 

C
H

AP
TE

R
 7

C
H

AP
TE

R
 7

C
H

AP
TE

R
 7

C
H

AP
TE

R
 7



 
CHAPTER 7 

 104

 31.  Daeron,M. 1997. Fc receptor biology. Annu.Rev.Immunol. 15:203-234. 

 32.  Daeron,M., Latour,S., Malbec,O., Espinosa,E., Pina,P., Pasmans,S., and Fridman,W.H. 1995. 
The same tyrosine-based inhibition motif, in the intracytoplasmic domain of Fc gamma RIIB, 
regulates negatively BCR-, TCR-, and FcR-dependent cell activation. Immunity. 3:635-646. 

 33.  Ono,M., Bolland,S., Tempst,P., and Ravetch,J.V. 1996. Role of the inositol phosphatase SHIP 
in negative regulation of the immune system by the receptor Fc(gamma)RIIB. Nature 
383:263-266. 

 34.  Pearse,R.N., Kawabe,T., Bolland,S., Guinamard,R., Kurosaki,T., and Ravetch,J.V. 1999. 
SHIP recruitment attenuates Fc gamma RIIB-induced B cell apoptosis. Immunity. 10:753-760. 

 35.  Kato,I., Takai,T., and Kudo,A. 2002. The pre-B cell receptor signaling for apoptosis is 
negatively regulated by Fc gamma RIIB. J.Immunol. 168:629-634. 

 36.  Takai,T. 2002. Roles of Fc receptors in autoimmunity. Nat.Rev.Immunol. 2:580-592. 

 37.  Takai,T., Li,M., Sylvestre,D., Clynes,R., and Ravetch,J.V. 1994. FcR gamma chain deletion 
results in pleiotrophic effector cell defects. Cell 76:519-529. 

 38.  Kaplan,C.D., O'Neill,S.K., Koreny,T., Czipri,M., and Finnegan,A. 2002. Development of 
inflammation in proteoglycan-induced arthritis is dependent on Fc gamma R regulation of the 
cytokine/chemokine environment. J.Immunol. 169:5851-5859. 

 39.  Kleinau,S., Martinsson,P., and Heyman,B. 2000. Induction and suppression of collagen-
induced arthritis is dependent on distinct fcgamma receptors. J.Exp.Med. 191:1611-1616. 

 40.  Yuasa,T., Kubo,S., Yoshino,T., Ujike,A., Matsumura,K., Ono,M., Ravetch,J.V., and Takai,T. 
1999. Deletion of fcgamma receptor IIB renders H-2(b) mice susceptible to collagen-induced 
arthritis. J.Exp.Med. 189:187-194. 

 41.  Bolland,S. and Ravetch,J.V. 2000. Spontaneous autoimmune disease in Fc(gamma)RIIB-
deficient mice results from strain-specific epistasis. Immunity. 13:277-285. 

 42.  Bolland,S., Yim,Y.S., Tus,K., Wakeland,E.K., and Ravetch,J.V. 2002. Genetic modifiers of 
systemic lupus erythematosus in FcgammaRIIB(-/-) mice. J.Exp.Med. 195:1167-1174. 

 43.  Yajima,K., Nakamura,A., Sugahara,A., and Takai,T. 2003. FcgammaRIIB deficiency with Fas 
mutation is sufficient for the development of systemic autoimmune disease. Eur.J.Immunol. 
33:1020-1029. 

 44.  Barnes,N., Gavin,A.L., Tan,P.S., Mottram,P., Koentgen,F., and Hogarth,P.M. 2002. 
FcgammaRI-deficient mice show multiple alterations to inflammatory and immune responses. 
Immunity. 16:379-389. 

 45.  Ioan-Facsinay,A., de Kimpe,S.J., Hellwig,S.M., van Lent,P.L., Hofhuis,F.M., van Ojik,H.H., 
Sedlik,C., da Silveira,S.A., Gerber,J., de Jong,Y.F. et al. 2002. FcgammaRI (CD64) 
contributes substantially to severity of arthritis, hypersensitivity responses, and protection 
from bacterial infection. Immunity. 16:391-402. 

 46.  Hazenbos,W.L., Gessner,J.E., Hofhuis,F.M., Kuipers,H., Meyer,D., Heijnen,I.A., 
Schmidt,R.E., Sandor,M., Capel,P.J., Daeron,M. et al. 1996. Impaired IgG-dependent 
anaphylaxis and Arthus reaction in Fc gamma RIII (CD16) deficient mice. Immunity. 5:181-
188. 

C
H

APTER
 7

C
H

APTER
 7

C
H

APTER
 7

C
H

APTER
 7



 
Fcγ receptors in pathogenesis of SLE 

 105

 47.  Hazenbos,W.L., Heijnen,I.A., Meyer,D., Hofhuis,F.M., Renardel de Lavalette,C.R., 
Schmidt,R.E., Capel,P.J., van de Winkel,J.G., Gessner,J.E., van den Berg,T.K. et al. 1998. 
Murine IgG1 complexes trigger immune effector functions predominantly via Fc gamma RIII 
(CD16). J.Immunol. 161:3026-3032. 

 48.  Kleinau,S., Martinsson,P., and Heyman,B. 2000. Induction and suppression of collagen-
induced arthritis is dependent on distinct fcgamma receptors. J.Exp.Med. 191:1611-1616. 

 49.  Nabbe,K.C., Blom,A.B., Holthuysen,A.E., Boross,P., Roth,J., Verbeek,S., van Lent,P.L., and 
van den Berg,W.B. 2003. Coordinate expression of activating Fc gamma receptors I and III 
and inhibiting Fc gamma receptor type II in the determination of joint inflammation and 
cartilage destruction during immune complex-mediated arthritis. Arthritis Rheum. 48:255-265. 

 50.  Clynes,R., Dumitru,C., and Ravetch,J.V. 1998. Uncoupling of immune complex formation and 
kidney damage in autoimmune glomerulonephritis. Science 279:1052-1054. 

 51.  Park,S.Y., Ueda,S., Ohno,H., Hamano,Y., Tanaka,M., Shiratori,T., Yamazaki,T., Arase,H., 
Arase,N., Karasawa,A. et al. 1998. Resistance of Fc receptor- deficient mice to fatal 
glomerulonephritis. J.Clin.Invest 102:1229-1238. 

 52.  Matsumoto,K., Watanabe,N., Akikusa,B., Kurasawa,K., Matsumura,R., Saito,Y., Iwamoto,I., 
and Saito,T. 2003. Fc receptor-independent development of autoimmune glomerulonephritis in 
lupus-prone MRL/lpr mice. Arthritis Rheum. 48:486-494. 

 53.  Moser,K.L., Neas,B.R., Salmon,J.E., Yu,H., Gray-McGuire,C., Asundi,N., Bruner,G.R., 
Fox,J., Kelly,J., Henshall,S. et al. 1998. Genome scan of human systemic lupus 
erythematosus: evidence for linkage on chromosome 1q in African-American pedigrees. 
Proc.Natl.Acad.Sci.U.S.A 95:14869-14874. 

 54.  Shai,R., Quismorio,F.P., Jr., Li,L., Kwon,O.J., Morrison,J., Wallace,D.J., Neuwelt,C.M., 
Brautbar,C., Gauderman,W.J., and Jacob,C.O. 1999. Genome-wide screen for systemic lupus 
erythematosus susceptibility genes in multiplex families. Hum.Mol.Genet. 8:639-644. 

 55.  Siriboonrit,U., Tsuchiya,N., Sirikong,M., Kyogoku,C., Bejrachandra,S., Suthipinittharm,P., 
Luangtrakool,K., Srinak,D., Thongpradit,R., Fujiwara,K. et al. 2003. Association of Fcgamma 
receptor IIb and IIIb polymorphisms with susceptibility to systemic lupus erythematosus in 
Thais. Tissue Antigens 61:374-383. 

 56.  Kyogoku,C., Dijstelbloem,H.M., Tsuchiya,N., Hatta,Y., Kato,H., Yamaguchi,A., 
Fukazawa,T., Jansen,M.D., Hashimoto,H., van de Winkel,J.G. et al. 2002. Fcgamma receptor 
gene polymorphisms in Japanese patients with systemic lupus erythematosus: contribution of 
FCGR2B to genetic susceptibility. Arthritis Rheum. 46:1242-1254. 

 57.  Warmerdam,P.A., van de Winkel,J.G., Vlug,A., Westerdaal,N.A., and Capel,P.J. 1991. A 
single amino acid in the second Ig-like domain of the human Fc gamma receptor II is critical 
for human IgG2 binding. J.Immunol. 147:1338-1343. 

 58.  Dijstelbloem,H.M., Bijl,M., Fijnheer,R., Scheepers,R.H., Oost,W.W., Jansen,M.D., 
Sluiter,W.J., Limburg,P.C., Derksen,R.H., van de Winkel,J.G. et al. 2000. Fcgamma receptor 
polymorphisms in systemic lupus erythematosus: association with disease and in vivo 
clearance of immune complexes. Arthritis Rheum. 43:2793-2800. 

 

 

C
H

AP
TE

R
 7

C
H

AP
TE

R
 7

C
H

AP
TE

R
 7

C
H

AP
TE

R
 7



 
CHAPTER 7 

 106

 59.  Duits,A.J., Bootsma,H., Derksen,R.H., Spronk,P.E., Kater,L., Kallenberg,C.G., Capel,P.J., 
Westerdaal,N.A., Spierenburg,G.T., Gmelig-Meyling,F.H. et al. 1995. Skewed distribution of 
IgG Fc receptor IIa (CD32) polymorphism is associated with renal disease in systemic lupus 
erythematosus patients. Arthritis Rheum. 38:1832-1836. 

 60.  Salmon,J.E., Millard,S., Schachter,L.A., Arnett,F.C., Ginzler,E.M., Gourley,M.F., Ramsey-
Goldman,R., Peterson,M.G., and Kimberly,R.P. 1996. Fc gamma RIIA alleles are heritable 
risk factors for lupus nephritis in African Americans. J.Clin.Invest 97:1348-1354. 

 61.  Song,Y.W., Han,C.W., Kang,S.W., Baek,H.J., Lee,E.B., Shin,C.H., Hahn,B.H., and Tsao,B.P. 
1998. Abnormal distribution of Fc gamma receptor type IIa polymorphisms in Korean patients 
with systemic lupus erythematosus. Arthritis Rheum. 41:421-426. 

 62.  Manger,K., Repp,R., Spriewald,B.M., Rascu,A., Geiger,A., Wassmuth,R., Westerdaal,N.A., 
Wentz,B., Manger,B., Kalden,J.R. et al. 1998. Fcgamma receptor IIa polymorphism in 
Caucasian patients with systemic lupus erythematosus: association with clinical symptoms. 
Arthritis Rheum. 41:1181-1189. 

 63.  Haseley,L.A., Wisnieski,J.J., Denburg,M.R., Michael-Grossman,A.R., Ginzler,E.M., 
Gourley,M.F., Hoffman,J.H., Kimberly,R.P., and Salmon,J.E. 1997. Antibodies to C1q in 
systemic lupus erythematosus: characteristics and relation to Fc gamma RIIA alleles. Kidney 
Int. 52:1375-1380. 

 64.  Norsworthy,P., Theodoridis,E., Botto,M., Athanassiou,P., Beynon,H., Gordon,C., Isenberg,D., 
Walport,M.J., and Davies,K.A. 1999. Overrepresentation of the Fcgamma receptor type IIA 
R131/R131 genotype in caucasoid systemic lupus erythematosus patients with autoantibodies 
to C1q and glomerulonephritis. Arthritis Rheum. 42:1828-1832. 

 65.  Karassa,F.B., Trikalinos,T.A., and Ioannidis,J.P. 2002. Role of the Fcgamma receptor IIa 
polymorphism in susceptibility to systemic lupus erythematosus and lupus nephritis: a meta-
analysis. Arthritis Rheum. 46:1563-1571. 

 66.  Kobayashi,T., Ito,S., Yamamoto,K., Hasegawa,H., Sugita,N., Kuroda,T., Kaneko,S., Narita,I., 
Yasuda,K., Nakano,M. et al. 2003. Risk of periodontitis in systemic lupus erythematosus is 
associated with Fcgamma receptor polymorphisms. J.Periodontol. 74:378-384. 

 67.  Koene,H.R., Kleijer,M., Algra,J., Roos,D., dem Borne,A.E., and de Haas,M. 1997. Fc 
gammaRIIIa-158V/F polymorphism influences the binding of IgG by natural killer cell Fc 
gammaRIIIa, independently of the Fc gammaRIIIa-48L/R/H phenotype. Blood 90:1109-1114. 

 68.  Koene,H.R., Kleijer,M., Swaak,A.J., Sullivan,K.E., Bijl,M., Petri,M.A., Kallenberg,C.G., 
Roos,D., dem Borne,A.E., and de Haas,M. 1998. The Fc gammaRIIIA-158F allele is a risk 
factor for systemic lupus erythematosus. Arthritis Rheum. 41:1813-1818. 

 69.  Salmon,J.E., Ng,S., Yoo,D.H., Kim,T.H., Kim,S.Y., and Song,G.G. 1999. Altered distribution 
of Fcgamma receptor IIIA alleles in a cohort of Korean patients with lupus nephritis. Arthritis 
Rheum. 42:818-819. 

 70.  Seligman,V.A., Suarez,C., Lum,R., Inda,S.E., Lin,D., Li,H., Olson,J.L., Seldin,M.F., and 
Criswell,L.A. 2001. The Fcgamma receptor IIIA-158F allele is a major risk factor for the 
development of lupus nephritis among Caucasians but not non-Caucasians. Arthritis Rheum. 
44:618-625. 

C
H

APTER
 7

C
H

APTER
 7

C
H

APTER
 7

C
H

APTER
 7



 
Fcγ receptors in pathogenesis of SLE 

 107

 71.  Wu,J., Edberg,J.C., Redecha,P.B., Bansal,V., Guyre,P.M., Coleman,K., Salmon,J.E., and 
Kimberly,R.P. 1997. A novel polymorphism of FcgammaRIIIa (CD16) alters receptor 
function and predisposes to autoimmune disease. J.Clin.Invest 100:1059-1070. 

 72.  Edberg,J.C., Langefeld,C.D., Wu,J., Moser,K.L., Kaufman,K.M., Kelly,J., Bansal,V., 
Brown,W.M., Salmon,J.E., Rich,S.S. et al. 2002. Genetic linkage and association of Fcgamma 
receptor IIIA (CD16A) on chromosome 1q23 with human systemic lupus erythematosus. 
Arthritis Rheum. 46:2132-2140. 

 73.  Amoura,Z., Koutouzov,S., Chabre,H., Cacoub,P., Amoura,I., Musset,L., Bach,J.F., and 
Piette,J.C. 2000. Presence of antinucleosome autoantibodies in a restricted set of connective 
tissue diseases: antinucleosome antibodies of the IgG3 subclass are markers of renal 
pathogenicity in systemic lupus erythematosus. Arthritis Rheum. 43:76-84. 

 74.  Hatta,Y., Tsuchiya,N., Ohashi,J., Matsushita,M., Fujiwara,K., Hagiwara,K., Juji,T., and 
Tokunaga,K. 1999. Association of Fc gamma receptor IIIB, but not of Fc gamma receptor IIA 
and IIIA polymorphisms with systemic lupus erythematosus in Japanese. Genes Immun. 1:53-
60. 

 
 

C
H

AP
TE

R
 7

C
H

AP
TE

R
 7

C
H

AP
TE

R
 7

C
H

AP
TE

R
 7



 




