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Summary

Fc receptors for IgG (FcγR) play a prominent role in the clearance of immune complexes
in systemic lupus erythematosus (SLE). Polymorphisms of FcγR have been proposed as
genetic factors that influence susceptibility to SLE. We analysed three functional FcγR
polymorphisms in a strictly Caucasian population of SLE patients, and determined the
influence of these polymorphisms on the clearance of immune complexes in vivo.
Genomic DNA was isolated from 230 Caucasian patients with SLE and 154 controls.
Amplification of FcγR-genomic regions in allotype-specific polymerase chain reactions
was used to distinguish the genotypes. In addition, we analysed the FcγR genotypes of 13
patients with SLE who participated in a study determining the half-life of IgG-coated
erythrocytes in the blood.
We found a strong trend toward skewing of FcγRIIa, with an enrichment of the
homozygous FcγRIIa-R/R131 genotype in patients compared with controls. We did not
find a correlation between this genotype and the development of lupus nephritis.
However, we established that the half-life of IgG-coated erythrocytes in the blood was
prolonged in patients expressing the FcγRIIa-R/R131 genotype. The homozygous
FcγRIIIa-F/F158 genotype was found more frequently in patients with arthritis and/or
serositis. In Caucasian populations, the R/H polymorphism of FcγRIIa is a minor
determinant in susceptibility to SLE, whereas the V/F polymorphism of FcγRIIIa is
associated with a set of disease manifestations. Notably, the R/H polymorphism of
FcγRIIa affects the clearance of immune complexes in vivo, which may influence the
course of a disease such as SLE.

Introduction

Systemic lupus erythematosus (SLE) represents the prototype of an immune complex-
mediated autoimmune disease. Impaired handling and subsequent tissue deposition of
immune complexes are believed to play an important role in the pathogenesis of the
disease. Clearance of immune complexes mainly depends on the mononuclear phagocyte
system (MPS), in which erythrocytes transport complexes bound via complement receptor
1 to mononuclear phagocytes located in liver and spleen. Abnormalities in complement-
mediated clearance have been described in SLE, as well as abnormalities in receptors for
the Fc fragment of immunoglobulin G (FcγR) on mononuclear phagocytes [1].
Three distinct classes of FcγR are recognised, which vary in ligand-binding affinity and
specificity, as well as in cell distribution [2]. Liver and spleen phagocytes, important
constituents of the MPS, express members of all three classes of leukocyte FcγR: FcγRIa,
FcγRIIa, and FcγRIIIa. In contrast, neutrophils constitutively express FcγRIIa and
FcγRIIIb, and can be induced to express FcγRIa. Many studies have recently identified
polymorphisms of FcγR as genetic factors influencing susceptibility to SLE and other
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autoimmune diseases. FcγRIIa, FcγRIIIa as well as FcγRIIIb display functional
polymorphisms, including an arginine (R) or histidine (H) at amino acid position 131 for
FcγRIIa, a valine (V) or phenylalanine (F) at amino acid position 158 for FcγRIIIa, and a
4-amino acid variation termed neutrophil antigen (NA) polymorphism (NA1 and NA2) for
FcγRIIIb [3,4]. Indeed, these polymorphisms have a profound influence on human IgG
binding; homozygosity for R/R of FcγRIIa, F/F of FcγRIIIa, and NA2/NA2 of FcγRIIIb
lessens the ability to interact with specific IgG subclasses [4-9]. Thus, the effect of these
polymorphisms on the handling of immune complexes in vivo may have implications for
a disease like SLE, although this has not yet been investigated.
In association studies, evidence in support of a role for the FcγRIIa polymorphism in
susceptibility to SLE has been controversial [10-20], whereas evidence for the FcγRIIIa
polymorphism has been less contradictory [6,16,18,20]. No skewing of the FcγRIIIb
polymorphism in patients with SLE has been reported thus far [16]. The discrepancies
between studies are striking, in particular for the FcγRIIa-R/H131 polymorphism.
Inconsistencies may arise from variation in population sizes, as became apparent in
studies by Song et al [13] and Salmon et al [18]. In addition, variation in the clinical
criteria used, specifically with regard to the classification of nephritis, may affect the
results. A third influence may be ethnic differences between tested populations [21].
Although most studies are confined to populations of a single ethnic background, some
studies investigated populations of mixed ethnic backgrounds [6,14]. Differential
distribution of FcγR polymorphisms among various ethnic populations has been described
extensively, for FcγRIIa in particular [14-15,19,21].
In the present study, we determined the influence of all three functional FcγR
polymorphisms on the susceptibility to SLE in a strictly Caucasian population. We studied
230 Caucasian patients with SLE from 2 large medical centers, and 154 regionally
matched controls. We performed our study in a stable, mostly nonmigrating, population,
in contrast to several studies conducted previously. To evaluate associations between
FcγR polymorphisms and specific clinical parameters of the disease, the well-defined and
uniformly acknowledged SLE criteria of the American College of Rheumatology (ACR)
were used, as well as the World Health Organization (WHO) classification criteria for
nephritis based on the histologic findings on kidney biopsy. Furthermore, we determined
the influence of different FcγR genotypes on the clearance of immune complexes in 13
patients with SLE, who had participated in a previous study determining the half-life of
injected IgG-coated erythrocytes [22].

Patients and Methods

Study population
Power analysis revealed that 216 patients and 144 controls were required to demonstrate a
15% increase in frequency of the homozygous FcγRIIa-R/R131 genotype in SLE patients
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compared with controls (power of 85%, α = 0.05). Subsequently, 230 consecutive,
unrelated Caucasian patients with SLE (24 males, 206 females) who were followed up
prospectively at the University Hospitals of Groningen and Utrecht in The Netherlands,
were included in the study. A total of 154 healthy, unrelated Caucasian blood donors were
used for comparison. All patients fulfilled at least 4 of the ACR 1982 revised criteria for
the classification of SLE [23]. The median age of the patients was 37 years (range 21-78),
with a median disease duration of 9 years (range 1-40). Patient characteristics are shown
in table 1.

Table 1:
Clinical characteristics of patients with systemic lupus erythematosus (SLE) in the Fcγ receptor

(FcγR) polymorphism association study and the immune complex (IC) clearance
study

Characteristic FcγR association study
(n=230)

IC clearance study
(n=13)

Male / female 24 / 206 4 / 9
Age (years)

Median (range) 37 (21-78) 38 (24-59)
Disease duration (years)

Median (range) 9 (1-40)
ACR criteria (%)
     Malar rash 111 (48) 8 (62)
     Discoid rash 49 (21) 3 (23)

Photosensitivity 113 (49) 10 (77)
Oral ulcers 36 (16) 4 (31)
Arthritis 179 (78) 11 (85)
Serositis 76 (33) 2 (15)
Renal involvement 108 (47) 6 (46)
CNS involvement 20 (9) 2 (15)
Haematologic abnormalities 163 (71) 7 (54)
Immunologic abnormalities 209 (91) 12 (92)
Anti-nuclear antibodies 226 (98) 12 (92)

FcγR genotyping
FcγRIIa, FcγRIIIa and FcγRIIIb genotyping was performed on genomic DNA of patients
and controls using polymerase chain reaction (PCR)-based genotyping methods. The
FcγRIIa-131R/H genotyping assay was performed as described previously [17]. In brief, 2
FcγRIIa-specific primers were used to amplify a 1,000-bp fragment from the FcγRIIA
gene, containing the polymorphic site. Subsequently, the amplified fragment served as a
template to amplify a 278-bp fragment in an allele-specific primer reaction. The
genotyping methods for FcγRIIIa and FcγRIIIb consisted of allele-specific primer
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reactions only, and were performed according to methods described earlier with minor
modifications [6,25].
In each experiment, sequence-verified genomic DNA of all 3 genotypes was included and
served as controls. Amplified products were analysed by gel electrophoresis (1.5%
agarose), stained with ethidium bromide, and visualised under ultraviolet light.

Clearance studies
Clearance studies were performed as described previously [22]. In short, erythrocytes
were coated with anti-rhesus antiserum (mainly IgG1 and IgG3, Central Laboratory of the
Netherlands Red Cross Blood Transfusion Service, Amsterdam, The Netherlands) and
labeled with 500 µCi 99mTc. Labeling efficiency was ~90%. After washing in saline, cells
were injected intravenously in 60 seconds. The injected dose was determined by
measuring the syringe before and after injection in a common dose calibrator. Blood
samples were taken at 0, 3, 8, 13, 18, and 23 min, and the half-life of IgG-coated
erythrocytes in the blood was calculated by regression analyses.

Statistical analyses
Phenotype and genotype frequencies in patients and controls were compared with 3 x 2
and 2 x 2 contingency tables (chi-square test with continuity correction or Fisher’s exact
test, as appropriate). The 95% confidence intervals (95% CI) of odds ratios (OR) were
calculated with the approximation of Woolf. Differences in age at diagnosis between
groups were tested by Mann-Whitney U test. Univariate associations between Fc�R
genotypes and half-life of IgG-coated erythrocytes in the blood were compared with
Spearman’s rank correlation test. Two-sided P values less than 0.05 were considered
significant. Corrections for multiple comparisons were not made due to unknown
associations between clinical manifestations.

Results

Distribution of genotypes
In this study, 230 Caucasian patients with SLE (24 males and 206 females), as well as 154
Caucasian controls, were included for FcγR genotype analysis. The median age of the
patients was 37 years (range 21-78), with a median disease duration of 9 years (range 1-
40). The median age at diagnosis for women was slightly lower than the median age at
diagnosis for men (26 years (range 8-73) versus 32 years (range 14-68), p not significant
[NS] ).
FcγRIIa, FcγRIIIa, and FcγRIIIb genotypes were determined for all patients and controls,
using amplification of FcγR-genomic regions in allotype-specific PCRs. No significant
skewing of FcγRIIa, FcγRIIIa, or FcγRIIIb polymorphisms could be observed in this SLE
cohort (table 2).
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Table 2: 
Distribution of FcγR genotypes in Caucasian patients with SLE and Caucasian controls (%)

FcγRIIa FcγRIIIa FcγRIIIb
R/R 131 R/H 131 H/H 131 V/V 158 V/F 158 F/F 158 NA1/1 NA1/2 NA2/2

Controls
 (n=154)

32 (21) 80  (52) 42  (27) 15  (10) 73  (47) 66  (43) 27  (17) 66  (43) 61  (40)

SLE
(n=230)

68 (30) 108 (47) 54  (23) 30  (13) 108  (47) 92  (40) 42 (18) 101 (44) 87 (38)

Values are the number (%) of patients. Fcγ = Fcγ receptor; SLE = systemic lupus erythematosus

However, there was a strong trend toward skewing of the homozygous FcγRIIa-R/R131
genotype, with an enrichment of this genotype in patients with SLE compared with
healthy controls (68 of 230 versus 32 of 154, respectively; OR 1.60, 95% CI 0.99-2.59, p
= 0.071) (table 2). In addition, the median age at diagnosis for patients with the FcγRIIIa-
F/F158 genotype was slightly lower than that of patients with other genotypes (25 years
(range 8-70) versus 28 years (range 12-73), p = 0.082). No differences in sex distribution
were observed between the different FcγR genotypes.

Clinical presentation
Among the SLE patients, 108 patients (47.0%) developed symptoms of nephritis during
the course of the disease. The median age at diagnosis in the group of patients with
nephritis was slightly lower than in the group without nephritis (25 years (range 8-68)
versus 29 years (range 10-73), p = NS). No differences in sex distribution were observed
between these 2 groups. When the distribution of FcγR genotypes between patients with
nephritis and healthy controls was analysed, no significant skewing was observed for
FcγRIIa, FcγRIIIa, or FcγRIIIb (table 3). Remarkably, significant skewing toward the
FcγRIIIb-NA1 allele could be detected in patients with nephritis compared with patients
without nephritis (frequency of 0.46 versus 0.35, respectively; OR 1.61, 95% CI 1.11-
2.35, p = 0.016) (table 3).
A renal biopsy was performed in 81 of the 108 patients who presented with nephritis, and
the findings were characterised according to WHO classification criteria for nephritis.
Within this classification, WHO classes III and IV are of particular interest for this study,
since these forms of nephritis are associated with proliferative inflammation, high titers of
antinuclear antibodies, as well as complement consumption [26]. However, no significant
skewing was observed for FcγRIIa, FcγRIIIa, or FcγRIIIb within this patient group. In
contrast, in patients who presented with WHO class II nephritis, marked skewing toward
the FcγRIIIb-NA1 allele could be detected. This skewing did not reach statistical
significance (frequency of 0.54 versus 0.35 in nonrenal SLE patients; OR 2.18, 95% CI
0.97-4.93, p = 0.085) (table 3). Analysis of patients with WHO class V and class VI was
not performed due to the small numbers of patients in these groups.
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Table 3:
Distribution of FcγR gene frequencies in controls, SLE patients without nephritis, and SLE
patients with nephritis, classified according to World Health Organization (WHO) criteria

 FcγRIIa FcγRIIIa FcγRIIIb
R131 H131 V158 F158 NA1 NA2

Controls (n=154) 0.47 0.53 0.33 0.67 0.39 0.61
Non-renal SLE (n=122) 0.54 0.46 0.37 0.63 0.35 0.65
Renal SLE (n=108) 0.52 0.48 0.36 0.64 0.46 0.54
    WHO III + IV (n=59) 0.53 0.47 0.36 0.64 0.43 0.57
    WHO II (n=13) 0.38 0.62 0.42 0.58 0.54 0.46
Values are the frequencies of each allele

With regard to the other ACR criteria, no differences in the distribution of FcγR
genotypes were observed in terms of skin manifestations (malar rash, discoid rash,
photosensitivity, oral ulcers), neurologic disorders, or immunologic abnormalities,
including the presence of antinuclear antibodies (table 4). However, in patients who
presented with symptoms of inflammation associated with an acute-phase response [27,
28], that is, arthritis and/or serositis, significant skewing toward the homozygous
FcγRIIIa-F/F158 genotype could be observed in comparison with patients without these
inflammatory manifestations (82 of 190 versus 10 of 40, respectively; OR 2.28, 95% CI
1.05-4.93, p = 0.035) (table 4). For arthritis, the FcγRIIa polymorphism could play an
important role additionally, since 19.6% of these patients expressed the combined
homozygous FcγRIIIa-F/F158 and FcγRIIa-R/R131 genotype, compared with 5.9% of
patients without arthritis (35 of 179 versus 3 of 51, respectively; OR 3.89, 95% CI 1.14-
13.22, p = 0.019). Finally, there was a strong trend toward enrichment of the homozygous
FcγRIIIa-F/F158 genotype in patients with autoantibody-associated cell destruction, that
is, haematologic cytopenias, compared with patients without these conditions (72 of 163
versus 20 of 67, respectively; OR 1.86, 95% CI 1.01-3.42, p = 0.062) (table 4).

Clearance studies
The half-life of IgG-coated erythrocytes in the blood, as a measure of Fc receptor
function, was determined at the University Hospital of Groningen in a previous study
[22]. Thirteen patients who participated in this study were included in our study for FcγR
genotype analysis. One of these 13 patient was deficient for FcγRIIIb.
When patients with the homozygous FcγRIIa-R/R131 genotype were compared with
patients expressing other FcγRIIa genotypes, a significant increase in the half-life of IgG-
coated erythrocytes in the blood was observed (Spearman’s r = 0.61, p = 0.027) (figure
1a). No differences in half-life of IgG-coated erythrocytes were observed for either
FcγRIIIa or FcγRIIIb genotypes (figures 1b and 1c). Notably, 2 patients with FcγRIIa-
H/H131, 2 patients with FcγRIIIa-V/V158 as well as 2 patients with FcγRIIIb-NA1/NA1
had accelerated clearance rates (figure 1), but these are different patients in each graph.



Chapter IX

108

Table 4:
Distribution of FcγR genotypes in patients with SLE classified according to American College of

Rheumatology (ACR) criteria

ACR criterion FcγRIIa FcγRIIb FcγRIIIb
  R/R H/H + R/H    OR  F/F V/V + V/F OR NA2/2 NA1/1 +1/2    OR

Malar rash + 32 79 0.93 48 63 1.30 40 71 0.86
- 36 83 44 75 47 72

Discoid rash + 12 37 0.72 17 32 0.75 23 26 1.62
- 56 125 75 106 64 117

Photo-sensitivity + 30 83 0.75 45 68 0.99 41 72 0.88
- 38 79 47 70 46 71

Oral ulcers + 7 29 0.53 13 23 0.82 13 23 0.92
- 61 133 79 115 74 120

Arthritis, serositis + 58 132 1.32 82 108 2.28* 71 119 0.90
- 10 30 10 30 16 24

Renal involvement + 31 77 0.92 44 64 1.06 30 78 0.44†

- 37 85 48 74 57 65
Neurologic symptoms + 3 17 0.39 10 10 1.56 6 14 0.68

- 65 145 82 128 81 129
Haematologic symptoms + 48 115 0.98 72 91 1.86‡ 63 100 1.13

- 20 47 20 47 24 43
Immunologic symptoms + 61 148 0.82 86 123 1.75 79 130 0.99

- 7 14 6 15 8 13
Anti-nuclear antibodies + 66 160 0.41 91 135 2.02 84 142 0.20

- 2 2 1 3 3 1

OR = Odds Ratio; * 95% CI 1.05-4.93, P = 0.035; †95% CI 0.25-0.76, P = 0.004; ‡95% CI 1.01-3.42, P = 0.062.

Discussion

In the present study, we determined the influence of three functionally relevant FcγR
polymorphisms on susceptibility to SLE and the development of clinical disease
manifestations in a strictly Caucasian population. In addition, we determined the influence
of different genotypes on the clearance of immune complexes in vivo in a pilot study.
Analysis of the FcγRIIa-R-H131, FcγRIIIa-V-F158 and FcγRIIIb-NA1-NA2 polymor-
phisms demonstrated that none of these genotypes constitutes a genetic risk factor for the
development of SLE. However, we did find a strong trend toward skewing of FcγRIIa,
with an enrichment of the homozygous FcγRIIa-R/R131 genotype in patients with SLE
compared to healthy controls.
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Remarkably, this genotype was also
associated with decreased clearance of
IgG-coated erythrocytes in the blood.
The results of our study are in
accordance with most association studies
on the FcγRIIa-R/H131 polymorphism
and susceptibility to SLE, performed in
at least five different ethnic backgrounds
[11, 14-20]. In contrast, some studies
found an apparent correlation between
the homozygous FcγRIIa-R/R131
genotype and the occurrence of SLE [10,
12-13]. Notably, a recent study in a
Caucasian German population did not
demonstrate an association of the
homozygous FcγRIIa-R/R131 genotype
and susceptibility to SLE, but showed
that this genotype was significantly
correlated with higher frequencies of
various clinical and serological
parameters, including a younger age at
disease onset [17]. We could not
reproduce these associations in our study,
despite our finding of a trend toward
enrichment of the homozygous FcγRIIa-
R/R131 genotype in our patient
population in general. Therefore, in
agreement with that previous study [17],
we conclude that in Caucasian
populations, the R/H polymorphism of
FcγRIIa does not represent a strong
genetic risk factor for SLE, but
constitutes a relatively minor determinant
in susceptibility to the disease. We
speculate that this polymorphism may
influence the course of the disease by
influencing the clearance of immune
complexes, since we found an apparent
correlation between these parameters in
our in vivo clearance studies.

Figure 1: Half life (T1/2) of IgG-coated
erythrocytes in the blood of patients with
systemic lupus erythematosus expressing
different Fcγ receptor (FcγR) genotypes.
Half life was prolonged in patients
expressing the FcγRIIa-R/R131 genotype (a),
demonstrating an effect of this genotype on
the clearance of immune complexes in vivo.
No differences were observed for either
FcγRIIIa (b) or FcγRIIIb (c) genotypes.
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Our results do, however, challenge 2 of 3 studies on the FcγRIIIa-V-F158 polymorphism
and susceptibility to SLE. In a population of mixed ethnic background, as well as in a
Caucasian population, apparent skewing was observed toward the homozygous FcγRIIIa-
F/F158 genotype [6, 16]. We could not reproduce these results in our population, which is
consistent with the finding of a recent study in an African American population [20].
Finally, we did not find an association between the FcγRIIIb-NA1/NA2 polymorphism
and susceptibility to SLE, as one other study previously described [16].
We also assessed the influence of Fc�R polymorphisms on the development of clinical
manifestations. Of particular interest in our analysis was glomerulonephritis, since this
complication is associated with the deposition of immune complexes and autoantibodies
at the glomerular basement membrane [29]. In our patient population, we could not
demonstrate a correlation between the occurrence of nephritis and the R/H polymorphism
of FcγRIIa, or the V/F polymorphism of FcγRIIIa. This finding is in agreement with most
studies on FcγRIIa [14-20], but in contrast to 3 studies on FcγRIIIa [6,16,18]. It should be
noted, however, that the latter studies were performed in 3 different ethnic backgrounds.
In a previous study conducted at our hospitals [11], glomerulonephritis was found to be
significantly associated with the FcγRIIa-R/R131 genotype compared with healthy
controls. Although there is some overlap between the cohorts of patients and controls that
participated in the 2 studies, we could not reproduce this association in the present study.
The observed difference may be attributable to differences in the criteria used to define
renal involvement, as well to the different sample sizes between these studies. Notably, no
significant association was found upon comparison of patients with and without nephritis
in either study.
Remarkably, we did find significant skewing toward the FcγRIIIb-NA1 allele in patients
with nephritis compared with patients without nephritis. This skewing was not apparent in
patients who presented with WHO class III or IV nephritis, but was notable in patients
with WHO class II nephritis. Because we would argue that the low-binding NA2 allele of
FcγRIIIb is associated with reduced clearance of immune complexes, this finding is rather
unexpected. A previous study in a Caucasian population did not demonstrate a correlation
between nephritis and FcγRIIIb alleles [16].
In patients who presented with symptoms of inflammation associated with an acute-phase
response [27,28], that is, arthritis or serositis, we observed significant skewing toward the
homozygous FcγRIIIa-F/F158 genotype. These manifestations are often associated with
raised C-reactive protein (CRP) levels, as opposed to cerebral lupus or renal involvement
[27,28]. Recently, CRP has been demonstrated to interact with FcγR on phagocytic cells
[30], and this interaction might be polymorphism-dependent [31]. Indeed, this finding
may have important implications for the inflammatory potential of immune complexes in
patients who are homozygous for certain FcγR alleles. For the development of arthritis,
the FcγRIIa polymorphism could play an important role additionally, since 1 in 5 patients
with this disease complication were shown to express the combined FcγRIIIa-F/F158 and
FcγRIIa-R/R131 genotype. This combined FcγR genotype has also been shown to
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influence the relapse rate in patients with other autoimmune diseases [32], and a critical
role for at least 2 FcγR has been demonstrated in models of collagen-induced arthritis
using FcR-deficient mice [33].
A strong trend toward enrichment of the homozygous FcγRIIIa-F/F158 genotype was also
observed in patients with haematologic abnormalities, that is, hemolytic anemia,
leukopenia, lymphopenia, and thrombocytopenia. The prognosis of SLE is negatively
influenced by the occurrence of autoimmune cytopenias, as has been clearly demonstrated
for anemia and thrombocytopenia [34-36]. Indeed, the V-F polymorphism of FcγRIIIa
might influence the clearance of autoantibody-opsonized blood cells, leading to
subsequent Fc receptor-mediated destruction of these cells. Notably, a critical role for
FcγR has been demonstrated in models of experimental hemolytic anemia and
thrombocytopenia in FcR γ-chain-deficient mice that lack FcγRI and FcγRIII expression
[37].
Finally, SLE patients with the homozygous FcγRIIIa-F/F158 genotype presented with
disease at a slightly younger age than did patients with other FcγR genotypes, although
this difference did not reach statistical significance. In view of these findings, we
conclude that in our Caucasian population, the FcγRIIIa polymorphism constitutes a factor
that influences the clinical disease manifestations and the course of SLE, without
representing a genetic risk factor for susceptibility to SLE. However, since corrections for
multiple testing were not made due to the explorative nature of this study, and because
there may be unknown associations between clinical manifestations, the observed
associations deserve to be interpreted with caution.
Genetic linkage studies have recently provided evidence for an SLE-associated locus on
the long arm of chromosome 1, either including [38] or excluding [39] the FcγR-encoding
gene cluster (mapped to 1q23-24). Despite the fact that the genes for FcγRIIa, FcγRIIIa
and FcγRIIIb are clustered in close proximity on chromosome 1, there is no evidence for
non-random distribution of FcγR genotypes within healthy control populations [40].
Accordingly, we did not find evidence for a skewed distribution of combinations of FcγR
genotypes between SLE patients and healthy controls in our analyses.
In conclusion, the present data support the notion that in Caucasian populations, the allelic
variant of FcγRIIa is a relatively minor determinant in susceptibility to SLE, whereas the
allelic variants of FcγRIIIa may influence the development of clinical disease
manifestations. Notably, the R/H polymorphism of FcγRIIa affects the clearance of
immune complexes in vivo, which may indeed profoundly influence the course of a
disease like SLE.

Acknowledgements: The authors thank Fredriek G.J. Leppers–van de Straat for
excellent technical support.



Chapter IX

112

References

1. Kimberly RP, Salmon JE, Edberg JC, Gibofsky A. The role of Fcγ receptors in
mononuclear phagocyte system function. Clin Exp Rheumatol 1989;7/S-3:103-08.

2. Ravetch JV. Fc receptors. Curr Opin Immunol 1997;9:121-25.
3. Rascu A, Repp R, Westerdaal NAC, Kalden JR, van de Winkel JGJ. Clinical relevance of

Fcγ receptor polymorphisms. Ann N Y Acad Sci 1997;815:282-95.
4. Pol WL van der, van de Winkel JGJ. IgG receptor polymorphisms: risk factors for disease.

Immunogenetics 1998;48:222-32.
5. Parren PWHI, Warmerdam PAM, Boeije LCM, Arts J, Westerdaal NAC, Vlug A, et al. On

the interaction of IgG subclasses with the low affinity FcγRIIa (CD32) on human
monocytes, neutrophils, and platelets. J Clin Invest 1992;90:1537-46.

6. Wu J, Edberg JC, Redecha PB, Bansal V, Guyre PM, Coleman K, et al. A novel
polymorphism of FcγRIIIa (CD16) alters receptor function and predisposes to autoimmune
disease. J Clin Invest 1997;100:1059-70.

7. Koene HR, Kleijer M, Algra J, Roos D, von dem Borne AEGKr, de Haas M. FcγRIIIa-
158V/F polymorphism influences the binding of IgG by NK cell FcγRIIIa, independently of
the FcγRIIIa-48L/R/H phenotype. Blood 1997;90:1109-14.

8. Salmon JE, Edberg JC, Brogle NL, Kimberly RP. Allelic polymorphisms of human Fc
gamma receptor IIa and Fc gamma receptor IIIb. Independent mechanisms for differences
in human phagocyte function. J Clin Invest 1992;89:1274-81.

9. Bredius RGM, Fijen CAP, de Haas M, Kuijper EJ, Weening RS, van de Winkel JGJ, et al.
Role of the neutrophil FcγRIIa (CD32) and the FcγRIIIb (CD16) polymorphic forms in
phagocytosis of human IgG1- and IgG3-opsonized bacteria and erythrocytes. Immunology
1994;83:624-30.

10. Blasini AM, Stekman IL, Leon-Ponte M, Caldera D, Rodriguez MA. Increased proportion
of responders to a murine anti-CD3 monoclonal antibody of the IgG1 class in patients with
systemic lupus erythematosus (SLE). Clin Exp Immunol 1993;94:423-28.

11. Duits AJ, Bootsma H, Derksen RHWM, Spronk PE, Kater L, Kallenberg CGM, et al.
Skewed distribution of IgG Fc receptor IIa (CD32) polymorphism is associated with renal
disease in systemic lupus erythematosus patients. Arthritis Rheum 1995;39:1832-36.

12. Salmon JE, Millard S, Schachter LA, Arnett FC, Ginzler EM, Gourley MF, et al. FcγRIIA
alleles are heritable risk factors for lupus nephritis in African Americans. J Clin Invest
1996;97:1348-54.

13. Song YW, Han C-W, Kang S-W, Baek H-J, Lee E-B, Shin C-H, et al. Abnormal
distribution of Fcγ receptor type IIa polymorphisms in Korean patients with systemic lupus
erythematosus. Arthritis Rheum 1998;41:421-26.

14. Botto M, Theodoridis E, Thompson EM, Beynon HLC, Briggs D, Isenberg DA, et al.
FcγRIIa polymorphism in systemic lupus erythematosus (SLE): no association with disease.
Clin Exp Immunol 1996;104:264-68.



FcγR polymorphisms in SLE

113

15. Smyth LJC, Snowden N, Carthy D, Papasteriades C, Hajeer A, Ollier WER. FcγRIIa
polymorphism in systemic lupus erythematosus. Ann Rheum Dis 1997;56:744-46.

16. Koene HR, Kleijer M, Swaak AJG, Sullivan KE, Bijl M, Petri MA, et al. The FcγRIIIA-
158F allele is a risk factor for systemic lupus erythematosus. Arthritis Rheum
1998;41:1813-18.

17. Manger K, Repp R, Spriewald BM, Rascu A, Geiger A, Wassmuth R, et al. Fcγ receptor IIa
polymorphism in caucasian patients with systemic lupus erythematosus: association with
clinical symptoms. Arthritis Rheum 1998;41:1181-89.

18. Salmon JE, Sonia Ng, Yoo D-H, Kim T-H, Kim SY, Song GG. Altered distribution of Fcγ
receptor IIIA alleles in a cohort of Korean patients with lupus nephritis. Arthritis Rheum
1999;42:818-19.

19. Yap SN, Phipps ME, Manivasagar M, Tan SY, Bosco JJ. Human Fc gamma receptor IIA
(FcγRIIA) genotyping and association with systemic lupus erythematosus (SLE) in Chinese
and Malays in Malaysia. Lupus 1999;8:305-10.

20. Oh M, Petri MA, Kim NA, Sullivan KE. Frequency of the FcγRIIIA-158F allele in African
American patients with systemic lupus erythematosus. J Rheumatol 1999;26:1486-89.

21. Osborne JM, Chacko GW, Brandt JT, Anderson CL. Ethnic variation in frequency of an
allelic polymorphism of human FcγRIIA determined with allele specific oligonucleotide
probes. J Immunol Methods 1994;173:207-17.

22. Woude FJ van der, van der Giessen M, Kallenberg CGM, Ouwehand W, Beekhuis H,
Beelen JM, et al. Reticuloendothelial Fc receptor function in SLE patients. I. Primary HLA
linked defect or acquired dysfunction secondary to disease activity? Clin Exp Immunol
1984;55:473-80.

23. Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield NF, et al. The 1982 revised
criteria for the classification of systemic lupus erythematosus. Arthritis Rheum
1982;25:1271-77.

24. Churg J, Bernstein J, Glassock RJ. Lupus nephritis. In:  Churg J, Bernstein J, Glassock RJ,
editors. Renal disease: classification and atlas of glomerular diseases. 2nd ed. New York:
Igaku-Shoin; 1995. p. 151-80.

25. Haas M de, Kleijer M, van Zwieten R, Roos D, von dem Borne AEGKr. Neutrophil
FcγRIIIb deficiency, nature, and clinical consequences: a study of 21 individuals from 14
families. Blood 1995;86:2403-13.

26. Huong DL, Papo T, Beaufils H, Wechsler B, Bletry O, Baumelou A, et al. Renal
involvement in systemic lupus erythematosus: a study of 180 patients from a single center.
Medicine Baltimore 1999;78:148-66.

27. Ter Borg EJ, Horst G, Limburg PC, van Rijswijk MH, Kallenberg CGM. C-reactive protein
levels during disease exacerbations and infections in systemic lupus erythematosus: a
prospective longitudinal study. J Rheumatol 1990;17:1642-48.

28. Spronk PE, ter Borg EJ, Kallenberg CGM. Patients with systemic lupus erythematosus and
Jaccoud’s arthropathy: a clinical subset with an increased C reactive protein response? Ann
Rheum Dis 1992;51:358-61.



Chapter IX

114

29. Berden JH, van Bruggen MC. Nucleosomes and the pathogenesis of lupus nephritis. Kidney
Blood Press Res 1997;20:198-200.

30. Bharadwaj D, Stein MP, Volzer M, Mold C, Du Clos TW. The major receptor for C-
reactive protein on leukocytes is Fcγ receptor II. J Exp Med 1999;190:585-90.

31. Stein MP, Edberg JC, Kimberly RP, Mangan EK, Bharadwaj D, Mold C, et al. C-reactive
protein binding to FcγRIIa on human monocytes and neutrophils is allele-specific. J Clin
Invest 2000;105:369-76.

32. Dijstelbloem HM, Scheepers RHM, Oost WW, Stegeman CA, van der Pol WL, Sluiter WJ,
et al. Fcγ receptor polymorphisms in Wegener’s granulomatosis: risk factors for disease
relapse. Arthritis Rheum 1999;42:1823-27.

33. Yuasa T, Kubo S, Yoshino T, Ujike A, Matsumura K, Ono M, et al. Deletion of Fcγ
receptor IIB renders H-2(b) mice susceptible to collagen-induced arthritis. J Exp Med
1999;189:187-94.

34. Ginzler EM, Diamond HS, Weiner M, Schlesinger M, Fries JF, Wasner C, et al. A
multicenter study of outcome in systemic lupus erythematosus. I. Entry variables as
predictors of prognosis. Arthritis Rheum 1982;25;601-11.

35. Jacobsen S, Petersen J, Ullman S, Junker P, Voss A, Rasmussen JM, et al. A multicentre
study of 513 Danish patients with systemic lupus erythematosus. II. Disease mortality and
clinical factors of prognostic value. Clin Rheumatol. 1998;17:478-84.

36. Abu-Shakra M, Urowitz MB, Gladman DD, Gough J. Mortality studies in systemic lupus
erythematosus. Results from a single center. II. Predictor variables for mortality. J
Rheumatol 1995;22:1265-70.

37. Clynes R, Ravetch JV. Cytotoxic antibodies trigger inflammation through Fc receptors.
Immunity 1995;3:21-26.

38. Moser KL, Neas BR, Salmon JE, Yu H, Gray-McGuire C, Asundi N, et al. Genome scan of
human systemic lupus erythematosus: evidence for linkage on chromosome 1q in African-
American pedigrees. Proc Natl Acad Sci USA 1998;95:14869-74.

39. Tsao BP, Cantor RM, Kalunian KC, Chen CJ, Badsha H, Singh R, et al. Evidence for
linkage of a candidate chromosome 1 region to human systemic lupus erythematosus. J Clin
Invest 1997;99:725-31.

40. Lehrnbecher T, Foster CB, Zhu S, Leitman SF, Goldin LR, Huppi K, et al. Variant
genotypes of the low-affinity Fcγ receptors in two control populations and a review of low-
affinity Fcγ receptor polymorphisms in control and disease populations. Blood
1999;94:4220-32.






