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Background: Receptors for IgG play an important part in immune complex clearance. Several studies
have identified polymorphisms of receptors for the Fc fragment of IgG (FcyR) as genetic factors influenc-
ing susceptibility to disease or disease course of systemic lupus erythematosus (SLE).

Obijective: To examine these possibilities by evaluating a panel of clinical parameters in a cohort of
140 German patients with SLE for correlations with the FeyRlla, llla, and lllb polymorphisms in an
explorative study.

Methods: 140 German patients with SLE according to American College of Rheumatology (ACR) cri-
teria and 187 German controls were genotyped for the FcyRlla, llla, and lllb polymorphisms. Associa-
tions between FcyR genotypes, combined genotypes and clinical as well as laboratory features were
analysed.

Results: No significant skewing of any of the three FcyR polymorphisms was seen in the German SLE
cohort studied. Various clinical and serological parameters were found more frequently and at younger
age in homozygous patients with the genotypes IIA-R/R131 or IIIA-F/F158 than in patients with [1A-H/
H131 or lIAV/V158. These effects were even more pronounced in patients with the low binding com-
bined phenotypes of the FcyRlla, llla (double negative phenotypes) and FeyRlla, llla, and llib (triple
negative phenotypes). In patients with the double negative IlA and IlIA genotypes significantly higher
frequencies of nephritis (63% v 33%) and proteinuria according to ACR criteria (58% v 11%), anae-
mia (84% v 55%), and anticardiolipin antibodies (63% v 22%) were found than in patients with the
double positive genotypes. Patients with the [IAR/R131 genotype and the double negative
homozygous genotype had an earlier incidence of clinical symptoms, haematological and
immunological abnormalities. Accordingly, SLE is diagnosed earlier in these patients, the difference
reaching statistical significance only in the double negative v the double positive genotype (26.3 v
39.5 years) and the lIA-F/F158 genotype v the rest (26.7 v 32.0 years). Most relevant is the fact that
a higher median disease activity (ECLAM score) was demonstrated, both in the IIA-R/R131
homozygous (3.3 v 2.7) and the double negative (3.4 v 2.3) patients, reaching statistical significance
in the first group.

Conclusion: The results of this explorative study support the view that the FcyRIla/Illa and Illb polymor-
phisms constitute factors influencing clinical manifestations and the disease course of SLE but do not
represent genetic risk factors for the occurrence of SLE. Higher frequencies of clinical symptoms, hae-
matological and immunological abnormalities as well as an earlier onset of clinical symptoms, haema-
tological and immunological markers of active disease were found in patients with the IIAR/R131
genotype and the double negative and triple negative genotypes.

immune complex mediated disease with a broad

spectrum of autoimmune phenomena, clinical symp-
toms, and a still unknown cause. Evidence for a hereditary
predisposition to SLE comes from family studies demonstrat-
ing a high concordance among homozygotic twins, and a high
prevalence of disease among relatives of patients with SLE, but
a uniform HLA association has not been found. HLA studies
have shown the importance of HLA-DR2 and 3, as well as their
linked HLA-DQ specificities DQI and DQ2 and the C4A null
allele. In particular, HLA data from multiplex families with
SLE led to a multigene theory to explain SLE.'

In vivo and in vitro abnormalities in both complement
mediated and FcyR mediated immune complex clearance have
been described in SLE.*” The major site of immune complex
clearance is the mononuclear phagocyte system of the liver
and spleen. Immune complexes are primarily removed
through FcyR dependent mechanisms by splenic phagocytes.
Clearance studies with IgG opsonised erythrocytes provide

Systemic lupus erythematosus (SLE) is a prototypic
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strong evidence for impaired Fc receptor function in SLE.? The
underlying hypothesis includes anti-FcyR autoantibodies,’
defects of intrinsic phagocytic cell functions, and high levels of
immune complexes or immunoglobulins.*® More and more
susceptibility genes for SLE can be located on the long arm of
chromosome 1 in the region 1(q23-24), where FcyRII and
FcyRIII genes are located, and in the region 1(q41-44)" and 1
p36.° In addition, it has been suggested that FcyR gene
polymorphisms have an important role in determining patho-
genesis and disease course.”

Abbreviations: ACR, American College of Rheumatology; CRP, C
reactive protein; ECLAM, European Consensus Lupus Activity
Measurement; OR, odds ratio; PCR, polymerase chain reaction; RR, rate
ratio; SDI, SLICC/ACR damage index; SLE, systemic lupus erythematosus;
SLICC, Systemic Lupus International Collaborating Clinics
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Table 1  Characteristics of the study group. Results are shown as median (range)
Controls All patients Age at Patient age ECLAM
(n) with SLE (n) diagnosis (y) (y) score SDI, year 5
All 187* 140* 30.1 40.0 2.9 2.0
12.4747)  (18.0-77.3)  (0.4-6.2)  (0-10)
FeyRIIA:
R/R131 50 39 28.0 36.5 &3 3.0
(12.4-74.7) (18-76.8) (0.5-5.8) (0-7)
H/H131 53 46 36.2 471 2.7 2.0
(15.1-737)  (20.3-80.3)  (0.5-4.7)  (0-8)
FoRIIA:
F/F158 62 55 26.7 36.6 3.1 3.0
(13.7-74.7) (18-77.3) (0.5-4.8) (0-10)
V/V158 50 21 311 41.6 2.7 2.5
(15.4-72.0)  (21.3-78.2)  (1.4-5.1)  (0-8)
FeyRIIIB:
NA2/NA2 80 40 29.4 38.8 3.0 3.0
(12.4-62.7) (18-69.7) (0.5-¢) (0-8)
NAT/NAT 20 13 33.2 46.2 3.0 2.0
(17.8-57.8]  (23.8-62.9)  (0.9-3.8)  (0-10)
FeyRII/INA:
R/R131, 18 19 26.3 36.0 3.4 3.0
F/F158 (13.7-74.7) (18-77.3) (0.5-4.3) (0-7)
H/H131, 16 9 39.5 52.0 2.3 3.0
V/V158 (217-51.9)  (24.3-80.3)  (1.4-3.4)  (2-8)
ECLAM, European Consensus Lupus Activity Measurement; SDI, ACR damage index; SLICC, Systemic Lupus
International Collaborating Clinics; significant differences are shown in bold.
*The maximum number of controls and patients with SLE was 187 and 140 respectively.

Human leucocyte FcyR belong to the immunoglobulin
supergene family, and three classes of FcyR (FcyRI, FcyRII,
FcyRIID) are currently distinguished." FcyRII (CD32) repre-
sents the most widely expressed class of FcyR, encoded by
three genes (FcyRIIA, IIB, 1IC) located on the long arm of
chromosome 1, specifying six isoforms (FcyRIlal, I1a2, IIbl,
IIb2, 1Ib3, IIc). FcyRIa is expressed on most myeloid cells and
engagement of this receptor avidly triggers immune complex
uptake. The FcyRIla molecule occurs in two co-dominantly
expressed allelic forms, 11a-R131 and H131; the ITA-H131
genotype exhibits a higher ability to bind complexed 1gG2 and
1gG3." " Data on African American and Dutch patients with
SLE show that the homozygous IIA-R/R131 genotype is more
common in patients with SLE with nephritis.” * A phenyl-
alanine (FcyRIIIa-F158) to valine (FcyRIIIa-V158) substitu-
tion at amino acid position 158 of FcyRIlIla, expressed on
macrophages and NK cells, affects binding of IgG1, IgG3, and
1gG4 subclasses, which are all more avidly bound by
FcyRII1a-V158.” ' The neutrophil FcyRIIIb bears the neutro-
phil antigen polymorphism which is caused by four amino
acid substitutions and is involved in both alloimmune and
autoimmune neutropenias. Functionally, FcyRIIIb-NAI is
more efficient in binding immune complexes containing IgG1
and IgG3 than FcyRIIIb-NA2.”' These in vitro findings
suggest that the efficiency of FcyR mediated immunological
functions differs between subjects. Interestingly, a large
number of studies report skewed distributions of FcyRIla, I11a,
and IIIb alleles in patients with autoimmune diseases.” '* '

Therefore we wondered whether such a skewed distribution
is also present in German patients with SLE. We also evaluated
whether the course of disease depends on FcyRlIla, IIla, and
1IIb polymorphisms.

PATIENTS AND METHODS

Study group

One hundred and forty unrelated German patients with SLE,
followed up at the Department of Medicine III, University
Erlangen-Nuremberg, were randomly selected irrespective of
their disease severity or stage of disease. In addition, a total of
187 healthy unrelated blood donors served as control group.
All patients fulfilled the 1982 and 1997 revised criteria of the
American college of Rheumatology (ACR) for the diagnosis of

SLE.”** Skin manifestations, including malar rash, discoid
rash, photosensitivity, and oral ulcers, were present in 81%,
44%, 86%, 33% of our SLE cohort; arthritis was seen in 79%,
serositis in 36%, nephritis in 41%, neurological disorder in
20%, haematological and immunological abnormalities in
97% and 96% each, and antinuclear antibodies in 99% of our
patients. The major organ involvements were defined accord-
ing to ACR criteria,” which implies that each patient with a
renal disorder has nephritis. All abnormalities associated with
SLE were recorded at the time of the first appearance either
under our care or from a well documented history and for the
whole follow up period.

FcyRIIA, 1HIA, and 11IB genotyping

FcyR genotyping was performed for all patients and 187 con-
trols, by polymerase chain reaction (PCR) based allotyping
methods with allele-specific primers. For FcyRIIA genotyping,
a 1000 bp PCR product containing the polymorphic FcyRIIA
site was generated with FcyRIIA specific primers. This
template was then used to amplify a 278 bp fragment with
allele-specific primers.” PCR based genotyping methods were
also used for the IITA* and I1IB allotyping.”

Demographic, clinical, and laboratory characteristics
Demographic data for each patient were obtained retrospec-
tively from the official medical record at the time of the first
visit until September 1999 and included sex, age, and age at
the time of diagnosis. Common clinical manifestations
(according to Hahn®), haematological and immunological
parameters, including C reactive protein (CRP), antinuclear
antibodies, and dsDNA, Ro, La, nRNE Sm, and cardiolipin
antibodies, lupus anticoagulant, cryoglobulins, low C3 and C4
as well as an activity score (European Consensus Lupus
Activity Measurement (ECLAM))* and a damage score (Sys-
temic Lupus International Collaborating Clinics/ACR damage
index for systemic lupus erythematosus (SLICC))* were
recorded at each visit, with a maximum of three visits/year.
Because the distribution of the FcyRIIA, IIIA, and IIIB geno-
typic forms and genotype combinations is known to be
different between ethnic groups,” we limited our study to
white German subjects.

www.annrheumdis.com



Manger, Repp, Jansen, et al

788
50 —
M Patients with nephritis
45 L | O All patients
[ Patients without nephritis
40 —
35—
° 30 —
(o))
S
c o5l
<4
&L
20 —
15—
10 —
5 L
IIAR/R131 A-F/F158 "Double negative"
Figure 1 Overrepresentation of the homozygous low binding genotypes FcyRIIAR/R131, FeyRIIAF/F158, and FeyRIA/IIAR/R131, F/F158

(double negative) in patients with SLE and nephritis. Differences are not significant. n=57 for patients with nephritis, n=140 for all patients,

n=83 for patients without nephritis.

Statistical analyses

Data analysis was done with the statistic package spss 10.0 for
Windows. To test the null hypothesis that categorical variables
such as clinical and serological parameters are equally distrib-
uted between patients with the low binding and high binding
homozygous genotypes of the FcyRIIA, 1IIA, and IIIB, two
tailed Pearson’s X’ tests were applied. The strength of the
association of FcyRIIA, IIIA, and IIIB genotypes as genetic
factor with the frequency of a certain SLE symptom was esti-
mated by the calculation of the odds ratios (OR; OR>1: posi-
tive association; OR=1: no influence; OR<1: protective).”
Median and range were calculated for age at diagnosis,
ECLAM and SLICC scores because no parametric distribution
can be assumed for these data. Accordingly, Mann-Whitney
tests were used to test for the null hypothesis that these
parameters did not differ between patients with the low bind-
ing and high binding groups of the FcyRIIA, IIIA, and IIIB. A
p value <0.05 was considered significant. The correlation
between age at the onset of symptoms and FcyRIIA, IIIA, and
IIIB genotypes and genotype combinations was estimated
according to the method of Kaplan and Meier,”* and
differences were assessed using log rank tests.” Finally, multi-
ple logistic and Cox regression models were performed™ to
define the possible role of FcyRIIA, IIIA, and IIIB genotypes
and genotype combinations as risk factors for outcome crite-
ria like—for example, nephritis or a high damage score, accu-
mulated since disease onset and calculated by the SLICC/ACR
damage index (SDI). All analyses were adjusted for sex and
age at disease onset by defining categorical variables. In these
models, a p value of 0.1 was considered significant.

RESULTS

Distribution of FcyRIIA, IlIA, and I1IB genotypes and
genotype combinations

FcyRIIA, IIIA, and IIIB genotypes were determined by
genotyping 140 patients with SLE and 187 German controls
using PCR based methods. The prevalence of ITIA-R/R131,
IITIA-F/F158, and IIIB-NA2/NA2 among patients with SLE was
28% (n=39), 41.3% (n=55), and 39.6% (n=40), comparable
with that of the control group (27%, 35%, 43%) (table 1). No
skewing of the FcyRlIIa, I11a, and IIIb polymorphisms was seen
in this German SLE cohort. The double negative (IIA-R/R131,
IITA-F/F158) and triple negative (IIA-R/R131, IIIA-F/F158,
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and IIIB-NA2/NA2) homozygous genotypes were detected in
14% (n=19) (table 1) and 8% (n=8) of patients and 11% and
5% of controls; again no significant skewing, but an overrep-
resentation of the double negative and triple negative
genotypes was found in the SLE cohort. Figure 1 shows the
distribution of the homozygous, low binding FcyRITA/IITA and
B genotypes in 57 patients with SLE and nephritis. There was
an overrepresentation of the genotype FcyRIIA-R/R131 (36%)
compared with all patients with SLE (28%), patients without
nephritis (23%), and controls (27%). The FcyRIIIA-F/F158
genotype was present in 46% compared with 38% in patients
without nephritis, and the double negative genotype in 21%
compared with 8% and 14% in patients without nephritis and
all patients; the differences did not reach statistical signifi-
cance (fig 1).

Characteristics of the study group

The demographic data did not show significant differences
between the three FcyR genotypes (table 1). Notably, the
median age at diagnosis was 8.2, 4.4, and 3.8 years earlier in
patients with SLE with the ITA-R/R131, IIIA-F/F158, and IIIB-
NA2/NA2 genotypes than in patients with the ITA-H/H131,
IITIA-V/V158, and IIIB-NA1/NA1 genotypes, reaching signifi-
cance (p<0.05) only for ITTA. Interestingly, this difference was
even more pronounced in the group of patients with the dou-
ble negative homozygous genotype, who were 13.2 years
younger at disease onset than patients with the double
positive genotype (p<0.05). When the ECLAM score was
tested as a measure for overall disease activity, a higher score
for patients with the IIA-R/R131, IIIA-F/F158, and the double
negative genotype was found compared with patients with the
IIA-H/H131, IITA-V/V158, and double positive genotype (3.3,
3.1, 34 v 2.7, 2.7, 2.3), reaching significance only for the
FcyRIIA (p<0.05). The same trend was seen for the SDI (3.0,
3.0,3.0v2.0,2.5,3.0) without reaching statistical significance.

Clinical presentation

When the distribution of clinical symptoms and different
genetically defined subgroups was analysed, a strong protec-
tive effect of the IIA-H/H131 genotype in comparison with the
IIA-R/R131 genotype was found for all symptoms except peri-
carditis and malar rash (NS). In patients with the IIA-R/R131
genotype the incidence of nephritis (51% v 30% for the IIA-H/
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Figure 2 Prevalence of nephritis, proteinuria, and anaemia in patients with SLE with the homozygous genotypes FcyRIIA/IIIA-R/R131,
F/F158 (double negative), FcyRIIA-R/R131, FeyRIIA/IIA-H/H131, V/V158 (double positive), and FeyRIIA-H/H13 1. Statistical differences for
the frequency of each symptom were calculated with a ? test. The differences between columns 1 and 3 and columns 2 and 4 were significant

for nephritis, proteinuria, and anaemia (p<0.05).

H131 genotype, p<0.05, OR=1.5) and of proteinuria (46% v
17%, p<0.01, OR=2.0) (according to ACR criteria) was
significantly higher (fig 2). The prevalence of nephritis and
proteinuria was even higher in the double and triple negative
patients as compared with the double positive patients with a
prevalence of nephritis of 63% (p<0.05) and 75% (NS) v 33%
and 39% and a prevalence of proteinuria of 58% (p<0.01) and
62% (NS) v 11% and 29% (fig 2). Also the amount of
maximum proteinuria was significantly higher in the double
negative group as compared with the double positive group
(2921 mg/d v 44 mg/d, p=0.01). Onset of nephritis, proteinu-
ria (fig 3), and all clinical symptoms was earlier in double
negative patients. In multivariate Cox regression models
including age, sex, and FcyR genotypes and genotype
combinations we identified FcyRIIA-R/R131 as the most
important FcyR genotype for the occurrence of nephritis
(p=0.01, rate ratio (RR) = 1.4) (table 2).

Haematological characteristics
When the genetically defined subgroups with special haema-
tological characteristics are analysed it can be seen that cyto-

A

Proportion with nephritis
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penias occurred earlier and more often in patients with the
IIA-R/R131 or IITIA-F/F158 genotype (data not shown), reach-
ing statistical significance for anaemia (p<0.05) in both sub-
groups. Again, an even higher prevalence of anaemia (p<0.05)
was found for patients with the double (fig 2) and triple nega-
tive genotypes (prevalence 84%).

Immunological characteristics

Patients with the IIA-R/R131 genotype compared with the
H/H131 genotype more often had antibodies against nRNP
(64% v 30%, OR=2.0, p<0.01) as well as antibodies against
Sm (44% v 24%, OR=1.6, p<0.05) and a low C4 (85% v 63%,
OR=1.8, p<0.05). All autoimmune phenomena occurred
more frequently and earlier in patients with the IIA-R/R131
genotype than in patients with the H/H131 genotype. There
was the same trend in IITA-F/F158 positive patients. In
patients with the double negative genotype all tested
parameters occurred more frequently, reaching statistical sig-
nificance for cardiolipin antibodies (63% v 22%, OR= 2.4,
p<0.05) and significantly earlier except for lupus anticoagu-
lant and cryoglobulins.
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Figure 3 Kaplan Meier analysis of onset of (A) nephritis and (B) proteinuria according to the double negative (dashed line) versus double
positive (solid line) homozygous FeyRIIA/IIIA genotypes. The difference between haplotypes was estimated with a log rank test; the p value

indicates the level of significance.
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Table 2 Homozygous FcyR genotype in SLE as prognostic marker for the risk of nephritis

All nephritis
i e No (%) o RR (95%Cl) B RR (95%Cl)
FoRIAR/R131 39 (51.3) 001 1.4(1.1101.9) 001 1.4(1.1t01.9)
FoyRIIAF/F158 55 (45.4) NS NS 0.1 1.2 (0.9 10 1.6)
FeyRII/NIAR/R131, F/F158 19 (63.3) NS NS 0.08 1.6 (1.1 10 2.2)
FeyRIIA/IA/IIBR/RT31, F/F158, NA2/NA2 8 (75.0) NS NS 0.04 1.6 (1.0 to 2.5)
All patients with SLE 133 (40.4) Multivariate analysis Univariate analysis

are shown in bold.
RR, rate ratio.

Multiple Cox regression analyses. After adjustment for age and sex the genotype FcyRIIAR/R131 is still a risk factor (p=0.01). Significantly different values

No unidirectional trend was found in the FcyRIIIB
genotypes.

DISCUSSION

The present data document an association between the tested
FcyRlla, I11a, and IIIb polymorphisms, the onset of disease, the
onset, frequency, and quality of different clinical symptoms
and disease-specific markers in German patients with SLE. To
our knowledge, this is the first report providing information
on all known functional FcyR polymorphisms and on FcyR
genotype combinations and the clinical impact of these geno-
type combinations on the course of SLE.

We, as well as others, found no significant differences in the
distribution of genotypes™ ™ or genotype combinations
between patients with SLE and controls of an ethnically
homogonous group, thus excluding the FcyRIIA, IITA, and I1IB
polymorphisms as susceptibility factors for SLE as a whole in
the Erlangen cohort. Only Hatta ef al detected significant dif-
ference in the frequencies of FcyRIIIB genotypes between SLE
and healthy subjects.” The odds ratio of the FcyRIIIB-NA2/
NA2 homozygotes for the development of SLE was 2.5. We
found a unidirectional trend for an earlier occurrence (p<0.05
in 48% of the tested variables) and a higher incidence (p<0.05
in 15% of the tested variables) of all clinical features (except
pericarditis and malar rash) and serological markers of SLE in
patients with the homozygous genotype FcyRIIA-R/R131; this
genotype has a lower ability to bind IgG2 and 1gG3, and may
therefore negatively influence the outcome in individual
patients. When we evaluated associations between FcyRIla
polymorphism and the onset of disease, we found an 8.2 years’
delay in disease onset (median) in the homozygous group
with the ITA-H/H131 genotype. A delayed disease onset has
been reported to be associated with a less severe course of
disease.” Yun et al described an earlier occurrence of
photosensitivity and oral ulcers in Korean patients with the
IIA-R/R131 genotype, which is in accordance with our
findings.” This trend was also found for patients with the
genotype FcyRIIIA-F/F158 (earlier occurrence of symptoms:
p<0.05 in 22% of the tested variables; higher frequency:
Pp<0.05 in 12.5% of the tested variables) and FcyRIIIB-NA2/2
(p<0.05 in 9% and 5% respectively). In the double negative
genotypes we observed an accumulation of effects with even
higher incidence and earlier onset of various symptoms (ear-
lier occurrence of symptoms: p<0.05% in 42% of the tested
variables; higher incidence: p<0.05 in 14%). In a Dutch cohort
of patients with Wegener’s disease, the relapse rate was
increased in patients with the double negative genotype.”’

Our results support the hypothesis, that FcyRIla/IIla and
IIIb polymorphisms influence the onset and the course of dis-
ease and therefore directly influence human biology, as
concluded also for a Malay-Chinese cohort.” However, we did
exclude an influence of these polymorphisms on the risk of
developing SLE, at least in this German group. Going into
detail, the outcome of SLE is negatively influenced by nephri-
tis or anaemia, as we* and others have shown.” * For both
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features, this study demonstrated a higher incidence and an
carlier onset for the group with the homozygous FcyRIIA-R/
R131, the double and triple negative genotypes. Song et al, like
us (data not shown), found a higher proteinuria in FcyRIla-R/
R131 positive patients with lupus nephritis.”

Most interesting is the predominance of IgG2 and IgG3 in
glomerular immune complexes of 74 patients with lupus
nephritis, as analysed by Zuniga ef al.” They found an enrich-
ment of the ITA-R/R131 genotype (47%), particularly in
patients with immune complexes containing 1gG2.”' In multi-
variate Cox regression analyses we showed that FcyRIIA-R/
R131 is an independent risk factor for nephritis. In 57 patients
with lupus nephritis from the Erlangen cohort there is an
overrepresentation of patients with the homozygous geno-
types FCyRIIA-R/R131 (36% v 23%), FCyRIIIA-F/F158 (46% v
38%), and double negative genotype (21% v 9%). These differ-
ences between the groups were not significant here and in
other studies," * ***7 ** # as described for FcyRIIA and FcyRIIIA
for white subjects” > and other ethnic groups,' > *' ** **”* thus
emphasising the need for larger studies with ethnically
homogonous populations or meta-analyses. These results sug-
gest that ethnic variation is critical in defining the specific
genetic factors underlying the pathogenesis of SLE, and they
have important prognostic and therapeutic implications also.
As we demonstrated a strong influence of the FcyRIIA, IIIA,
and IIIB polymorphisms on the course of disease our conclu-
sion is different from that of Northworthy ef a/, which limited
the influence of FcyR on the prevalence of lupus nephritis to
patients with C1q antibodies of the subclass 1gG2.*

Also for anaemia and cytopenias in general we found a
higher incidence and earlier onset in patients with the low
binding phenotypes; again, there was an accumulation of
effects in patients with the double negative and triple negative
genotypes. This is interesting because FcyRIla and FcyRIIIb
are important for the clearance of erythrocytes," as confirmed
by in vivo data of Dijstelbloem et a/ which showed a poorer
clearance of IgG coated erythrocytes in IIa-R/R131 patients.”

As previously reported,” Sm and nRNP antibodies are more
frequent and occur earlier in ITa-R/R131 positive patients,
which fits well with the overrepresentation of the IgG2
subclass in these autoantibodies.”

FcyRII and III genes are mapped in a 500 kB region of
1q(23-24). As previously discussed,” the interpretation of
association studies is complicated by the presence of
immunologically relevant genes—for example, CRE SAE, and
interleukin 6 receptor located on the long arm of chromosome
1 in the region 1q(23-24) and linked to the FcyRII and FcyRIII
genes. The possibility of linkage disequilibrium with any of
these genes might also influence the course of disease.” A
non-random distribution can be assumed for FcyR genotype
combinations, as described by van der Pol et al for Dutch white
subjects™ and could be shown in our SLE cohort for the dou-
ble negative and triple negative genotypes.

In conclusion, our results support the hypothesis, that the
lower ability to clear immune complexes—depending on
FcyRIIA, IIIA, or IIIB genotype—influences the prognosis and
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outcome in patients with SLE. Ethnic differences are large and
have to be kept in mind when the results of different studies
are compared. The results on the non-random distribution of
FcyRIIA, IIIA, and IIIB genotype combinations show the
importance of looking for genotype combinations in associ-
ation studies.

Authors’ offiliations

K Manger, R Repp, M Geisselbrecht, R Wassmuth, B Manger,

J R Kalden, Department of Internal Medicine Ill and Institute for Clinical
Immunology, University Erlangen-Nuremberg, Germany

M Jansen, N A C Westerdaal, J G J van de Winkel, Department of
Immunology, University Medical Centre Utrecht, The Netherlands

J G J van de Winkel, Genmab, University Medical Centre Utrecht, The
Netherlands

A Pfahlberg, Department of Medical Statistics and Epidemiology,
University Erlangen-Nuremberg, Germany

KM was a recipient of a “Grant for Women in Science (HSP Ill)” from the
University Erlangen-Nuremberg.

Karin Manger and Roland Repp contributed equally to this work.

REFERENCES
1 Hartung K, Baur MP, Coldewey R, Fricke M, Kalden JR, Lakomek HJ, et
al. Major histocompatibility complex haplotypes and complement C4

alleles in systemic lupus erythematosus. Results of a multicenter study. J

Clin Invest 1992;90:1346-51.

Davies KA, Peters AM, Beynon HL, Walport MJ. Immune complex

processing in patients with systemic lupus erythematosus. In vivo imaging

and clearance studies. J Clin Invest 1992;90:2075-83.

Frank MM, Hamburger MI, Lawley TJ, Kimberly RP, Plotz PH. Fc-receptor

dysfunction in lupus [letter]. N Engl J Med 1979;300:1487.

Frank MM, Hamburger MI, Lawley TJ, Kimberly RP, Plotz PH. Defective

reticuloendothelial system Fc-receptor function in systemic lupus

erythematosus. N Engl J Med 1979;300:518-23.

Boros P, Muryoi T, Spiera H, Bona C, Unkeless JC. Autoantibodies

directed against different classes of Fc gamma R are found in sera of

autoimmune patients. J Immunol 1993;150:2018-24.

6 Salmon JE, Kimberly RP, Gibofsky A, Fotino M. Defective mononuclear
phagocyte function in systemic lupus erythematosus: dissociation of Fc
receptor-ligand binding and internalization. J Immunol
1984;133:2525-31.

7 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.

8 Tsao BP, Wallace DJ. Genetics of systemic lupus erythematosus. Curr
Opin Rheumatol 1997,9:377-9.

9 Rascu A, Repp R, Westerdaal NA, Kalden JR, van de Winkel JG.
Clinical relevance of Fc gamma receptor polymorphisms. Ann N'Y Acad
Sci 1997;815:282-95.

10 van de Winkel JG, Capel PJ. Human IgG Fc receptor heterogeneity:
molecular aspects and clinical implications. Immunol Today
1993;14:215-21.

11 Parren PW, Warmerdam PA, Boeije LC, Arts J, Westerdaal NA, Viug A,
et al. On the interaction of IgG subclasses with the low affinity Fc gamma
Rlla (CD32) on human monocytes, neutrophils, and platelets. Analysis of
a functional polymorphism to human 1gG2. J Clin Invest
1992;90:1537-46.

12 Warmerdam PA, van de Winkel JG, Vlug A, Westerdaal NA, Capel PJ.
A single amino acid in the second Ig-like domain of the human Fc
gamma receptor |l is critical for human IgG2 binding. J Immunol
1991;147:1338-43.

13 Duits AJ, Bootsma H, Derksen RH, Spronk PE, Kater L, Kallenberg CG, et
al. Skewed distribution of IgG Fc receptor lla (CD32) polymorphism is
associated with renal disease in systemic lupus erythematosus patients.
Arthritis Rheum 1995;38:1832-6.

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

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

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

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

18 Bredius RG, Fijen CA, De Haas M, Kuijper EJ, Weening RS, Van de
Winkel JG, et al. Role of neutrophil Fc gamma Rlla (CD32) and Fe
gamma RIlIb (CD16) polymorphic forms in phagocytosis of human IgG1-
and IgG3-opsonized bacteria and erythrocytes. Immunology
1994;83:624-30.

N

AW

(@]

791

19 Sammaritano LR, Ng S, Sobel R, Lo SK, Simantov R, Furie R, et al.
Anticardiolipin IgG subclasses: association of IgG2 with arterial and/or
venous thrombosis [see comments]. Arthritis Rheum 1997;40:1998-
2006.

20 Norsworthy P, Theodoridis E, Botto M, Athanassiou P, Beynon H,

Gordon C, et al. Overrepresentation of the Fcgamma receptor type 1A

R131/R131 genotype in caucasoid systemic lupus erythematosus

patients with autoantibodies to C1q and glomerulonephritis. Arthritis

Rheum 1999;42:1828-32.

Salmon JE, Ng S, Yoo DH, Kim TH, Kim SY, Song GG. Altered

distribution of Fegamma receptor lllA alleles in a cohort of Korean

patients with lupus nephritis. Arthritis Rheum 1999;42:818-19.

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

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;25:1271-7.

24 Hochberg MC. Updating the American College of Rheumatology revised
criteria for the classification of systemic lupus erythematosus [letter] [see
comments]. Arthritis Rheum 1997;40:1725.

25 Carlsson LE, Santoso S, Baurichter G, Kroll H, Papenberg S, Eichler P,
et al. Heparin-induced thrombocytopenia: new insights into the impact of
the FegammaRlla-R-H131 polymorphism. Blood 1998;92:1526-31.

26 Leppers-van de Straat FG, van der Pol W, Jansen MD, Sugita N,
Yoshie H, Kobayashi T, et al. A novel PCR-based method for direct
fegamma receptor llla (CD16) allotyping [in process citation]. J Immunol
Methods 2000;242:127-32.

27 de Haas M, Kleijer M, van Zwieten R, Roos D, von dem Borne A.
Neutrophil Fc gamma Rlllb deficiency, nature, and clinical consequences:
a study of 21 induviduals from 14 families. Blood 1995;86:2403-13.

28 Hahn B. Systemic lupus erythematosus. In: Fauci AS, Isselbacher KJ,
Wilson JD, Martin JB, Kasper DL, Hauser SL, et al, eds. Harrison’s
principles of internal medicine. Vol 2, New York: McGraw-Hill,
1998:1876.

29 Vitali C, Bencivelli W, Isenberg DA, Smolen JS, Snaith ML, Sciuto M, et
al. Disease activity in systemic lupus erythematosus: report of the
Consensus Study Group of the European Workshop for Rheumatology
Research. II. Identification of the variables indicative of disease activity
and their use in the development of an activity score. The European
Consensus Study Group for Disease Activity in SLE. Clin Exp Rheumatol
1992;10:541-7.

30 Gladman D, Ginzler E, Goldsmith C, Fortin P, Liang M, Urowitz M, et

al. The development and initial validation of the Systemic Lupus

International Collaborating Clinics/American College of Rheumatology

damage index for systemic lupus erythematosus [see comments]. Arthritis

Rheum 1996;39:363-9.

van der Pol W-L, Jansen MD, Sluiter WJ, van de Sluis B, Dijstelbloem H,

Leppers-van de Straat FGJ, et al. Evidence for non-random distribution of

Fey Receptor genotype combinations. 2000. (submitted)

32 Bailar JI, Mosteller F. In: Walthan M, ed. Medical uses of statistics,
Boston: N Engl J Med Books, 1986.

33 Kaplan EL MP. Nonparametric estimation from incomplete observations.
J Am Stat Assoc 1958;53:457-9.

34 Kleinbaum G. Survival andlysis: A self learning text. Vol 1. New York:
Springer, 1986.

35 Cox O. Analysis of survival data. Vol 1. New York: Chapman and Hall,
1984.

36 Hosmer DW, Lemeshow S. Applied logistic regression. New York:
Wiley, 1989.

37 Botto M, Theodoridis E, Thompson EM, Beynon HL, Briggs D, Isenberg
DA, et al. Fc gamma Rlla polymorphism in systemic lupus erythematosus
(SLE): no association with disease. Clin Exp Immunol 1996;104:264-8.

38 Manger K, Repp R, Spriewald BM, Rascu A, Geiger A, Wassmuth R, et
al. Fegamma receptor lla polymorphism in Caucasian patients with
systemic lupus erythematosus: association with clinical symptoms. Arthritis
Rheum 1998;41:1181-9.

39 Yap SN, Phipps ME, Manivasagar M, Tan SY, Bosco JJ. Human Fe
gamma receptor 1A (FegammaRIIA) genotyping and association with
systemic lupus erythematosus (SLE) in Chinese and Malays in Malaysia.
Lupus 1999,8:305-10.

40 Smyth LJ, Snowden N, Carthy D, Papasteriades C, Hajeer A, Ollier

WE. Fc gamma Rlla polymorphism in systemic lupus erythematosus. Ann

Rheum Dis 1997;56:744-6.

D’Alfonso S, Rampi M, Bocchio D, Colombo G, Scorza-Smeraldi R,

Monmigliano-Richardi P. Systemic lupus erythematosus candidate genes in

the Italian population: evidence for a significant association with

interleukin-10. Arthritis Rheum 2000;43:120-8.

42 Oh M, Petri MA, Kim NA, Sullivan KE. Frequency of the Fc gamma
RIIA-158F allele in African American patients with systemic lupus
erythematosus [in process citation]. J Rheumatol 1999;26:1486-9.

43 Yap SN, Phipps ME, Manivasagar M, Bosco JJ. Fc gamma receptor
IIB-NA gene frequencies in patients with systemic lupus erythematosus
and healthy individuals of Malay and Chinese ethnicity. Immunol Lett
1999;68:295-300.

44 Hatta Y, Tsuchiya N, Ohashi J, Matsushita M, Fujiwara K, Hagiwara K,
et al. Association of Fc gamma receptor IlIB, but not of Fc gamma
receptor lIA and lllA polymorphisms with systemic lupus erythematosus in
Japanese. Genes Immun 1999;1:53-60.

45 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.

2

3

4

www.annrheumdis.com



792

46 Yun HR, Koh HK, Kim SS, Chung WT, Kim DW, Hong KP, et al.

47

48

49

50

5

FegammaRlla/llla polymorphism and its association with clinical
manifestations in Korean lupus patients. Lupus 2001;10:466-72.
Dijstelbloem HM, Scheepers RH, Oost WW, Stegeman CA, van der Pol
WL, Sluiter WJ, et al. Fegamma receptor polymorphisms in Wegener's
granulomatosis: risk factors for disease relapse. Arthritis Rheum
1999;42:1823-7.

Manger K, Geisselbrecht M, Pfahlberg A, Manger B, Kalden JR.
Independent risk factors for death, end stage renal disease and
thrombembolic events in a monocentric cohort of 338 SLE patients
[abstract]. Arthritis Rheum 2000;43:5248.

Nossent HC, Henzen-Llogmans SC, Vroom TM, Berden JH, Swaak TJ.
Contribution of renal biopsy data in predicting outcome in lupus
nephritis. Analysis of 116 patients. Arthritis Rheum 1990;33:970-7.
Song YW, Han CW, Kang SW, Baek HJ, Lee EB, Shin CH, et al.
Abnormal distribution of Fc gamma receptor type lla polymorphisms in
Korean patients with systemic lupus erythematosus. Arthritis Rheum
1998;41:421-6.

Zuniga R, Markowitz G, Dagati V, Salmon J. IgG subclass glomerular
deposition and its relationship to Fcy receptor lla alleles in lupus nephritis
[abstract]. Arthritis Rheum 1999;42:5174.

www.annrheumdis.com

52

53

54

55

56

57

Manger, Repp, Jansen, et al

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). CYin Exp Immunol 1993;94:423-8.

Zuniga R, Ng S, Peterson MG, Reveille JD, Baethge BA, Alarcon GS, et
al. Low-binding alleles of Fcgamma receptor types IIA and IIIA are
inherited independently and are associated with systemic lupus
erythematosus in Hispanic patients. Arthritis Rheum 2001;44:361-7.
Sato H, Iwano M, Akai Y, Nishino T, Fujimoto T, Shiiki H, et al.
FecgammaRlla polymorphism in Japanese patients with systemic lupus
erythematosus. Lupus 2001;10:97-101.

Seligman VA, Suarez C, Lum R, Inda SE, Lin D, Li H, et al. 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 2001;44:618-25.

Dijstelbloem H, Bijl M, Scheepers R, Oost W, Sluiter W, van der
Woude V, et al. Fcy receptor polymorphism influences clearance of
immune complexes in vivo and constitues a risk factor for systemic lupus
erythematosus [abstract]. Arthritis Rheum 1999;42:5101.

Bonfa E, Chu JL, Brot N, Elkon KB. Lupus anti-ribosomal P peptide
antibodies show limited heterogeneity and are predominantly of the IgG1
and IgG2 subclasses. Clin Immunol Immunopathol 1987;45:129-38.



