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Role of the Fc� Receptor IIa Polymorphism in Susceptibility to
Systemic Lupus Erythematosus and Lupus Nephritis

A Meta-Analysis

Fotini B. Karassa,1 Thomas A. Trikalinos,1 John P. A. Ioannidis,2

and the Fc�RIIa-SLE Meta-Analysis Investigators3

Objective. To assess the impact of the Fc� recep-

tor type IIa (Fc�RIIa)–R/H131 polymorphism on the

risk for systemic lupus erythematosus (SLE) and devel-

opment of lupus nephritis.

Methods. A meta-analysis was performed based

on the Medline and Embase databases (last retrieval

August 2001), assessment of bibliographies of pertinent

articles, and additional data gathered after contact with

primary investigators.

Results. A total of 25 comparisons from 17 studies

involving R/H131 genotyping of 1,405 patients with

lupus nephritis, 1,709 SLE patients without nephritis,

and 2,580 non-SLE controls were included. No associa-

tion between RR genotype and risk of lupus nephritis

relative to both other genotypes (odds ratio [OR] 1.05,

95% confidence interval [95% CI] 0.88–1.27) was dem-

onstrated in the total meta-analysis or in any racial

subgroup. The RR genotype was more frequent in SLE

patients as a whole (OR 1.30, 95% CI 1.10–1.52) and in

SLE patients without nephritis (OR 1.27, 95% CI 1.04–

1.55) compared with disease-free controls. A potential

dose–response relation between the R131 allele and the

risk of SLE was also identified, with an OR of 1.23 for

RR versus RH (95% CI 1.03–1.46). The OR was 1.55 for

RR versus HH (95% CI 1.21–1.98). There was no

significant heterogeneity between racial subgroups. The

population-attributable fractions of SLE cases due to

the Fc�RIIa-R131 allele were 13%, 40%, and 24% in

subjects of European, African, and Asian descent, re-

spectively.

Conclusion. The Fc�RIIa-R/H131 polymorphism

represents a significant risk factor for SLE but has no

clear effect on susceptibility for lupus nephritis.

Genetic polymorphisms of the receptors for the
Fc portion of IgG (Fc�R) have been proposed as
heritable risk factors for susceptibility to infectious and
autoimmune diseases (1,2). Best studied is the biallelic
polymorphism of the low-affinity Fc�RIIa stimulatory
isoform (3). Fc�RIIa displays codominant variants that
bear either an arginine or a histidine at amino acid
position 131 in the extracellular domain (R131 and
H131, respectively). These variants differ in their ability
to bind human IgG2. H131 is the high-binding allele,
R131 is low-binding, and heterozygotes have intermedi-
ate function (4). Because IgG2 is a poor activator of the
classical complement pathway, the H131 allele seems
essential for handling IgG2 immune complexes (ICs).

Given the potential consequences of the
Fc�RIIa-R/H131 polymorphism for IC clearance, it has
been hypothesized that the Fc�RIIa-R131 allele may
confer susceptibility to systemic lupus erythematosus
(SLE) (4), the prototypic human IC-mediated auto-
immune disease. It has also been hypothesized that this
polymorphism may affect the incidence of specific man-
ifestations of SLE, particularly lupus nephritis (4–9), or
may negatively influence disease outcome (10,11).

Despite early hypothesis-generating investiga-
tions suggesting that the R131 allele may be related to
lupus nephritis in particular (4,5), subsequent investiga-
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tions (7,10–19) performed in several ethnic groups

yielded apparently inconclusive results regarding the

magnitude (or even the presence) of disease susceptibil-

ity conferred by this polymorphism. In most such stud-

ies, the sample size was limited. Moreover, individual

studies did not have enough power to detect dose–

response relationships and determine whether RR ho-

mozygotes differ from RH heterozygotes in terms of

disease susceptibility. Given the amount of accumulated

data, a quantitative synthesis of the evidence using

rigorous methods has become necessary (20). To ad-

dress these issues, we conducted a comprehensive meta-
analysis of results from all available studies regarding an
association between the Fc�RIIa-R/H131 polymorphism
and development of SLE and/or lupus nephritis.

METHODS

Identification and eligibility of relevant studies. We
considered all controlled studies that examined the association
of the Fc�RIIa-R/H131 polymorphism with SLE and/or lupus
nephritis. Sources included Medline and Embase, with the last
search occurring in August 2001. The search was based on
combinations of “systemic lupus erythematosus,” “rheumatic
diseases,” “connective tissue disease,” “autoimmune disease,”
“polymorphism,” “allele,” “genetics,” “Fc receptor,” and “Fc�

receptor.” Nonfamilial studies were eligible if they had deter-
mined the distribution of Fc�RIIA alleles in both SLE patients
and a control group of individuals without SLE. Studies
comparing the frequency of Fc�RIIA alleles among SLE
patients with nephritis and SLE patients without nephritis
were also eligible. The references of retrieved articles were
also screened.

The search included reports in English, French, Ger-
man, or Italian and was complemented by contact with experts,
to avoid publication bias. We also communicated with the
investigators of original studies, to obtain clarifications and any
additional data that were missing from the published reports.
The contributing investigators were asked to comment on the
final data synthesis.

Data extraction. Two investigators independently ex-
tracted the data. The following information was sought from
each study: first author’s name, journal and year of publication,
country of origin, type of study design, racial ancestry of the
study population (European descent [including Hispanics],
African descent, and Asian descent), selection of control
groups, criteria used for the diagnosis of SLE, definition of
nephritis, demographics, total sample size, and the total num-
ber of SLE patients (including those with nephritis and those
without nephritis) and control subjects for each Fc�RIIA
genotype. Furthermore, we examined whether matching had
been used, whether it had been specifically mentioned that
personnel who performed the genotyping were blinded to the
clinical status of subjects, and whether the genotyping method
had been validated. Finally, when data from an individual
study were reported separately for populations that were of

similar racial descent but from different geographic locations,
the division of data was sustained.

Meta-analysis methods. The meta-analysis examined
the contrasts of SLE patients with lupus nephritis versus those
without nephritis, patients with SLE versus non-SLE controls,
and SLE patients without nephritis versus non-SLE controls.
The following key genotype contrasts were evaluated: RR
versus RH and HH combined, RR versus RH, and RR versus
HH. The first contrast corresponds to recessive genetic mod-
eling for the putative effect of the R131 allele, the second
allows assessment of whether there is a dose–response rela-
tionship between the R131 allele and SLE or lupus nephritis,
and the third examines the 2 homozygous states. Estimates for
the contrast of RH versus HH were consistent with those of the
other analyses (details not shown). The odds ratio (OR) was
used as the metric of association, because these studies typi-
cally used case–control designs.

For each comparison and genetic contrast, we esti-
mated between-study heterogeneity using the chi-square–
based Q statistic (21). Heterogeneity was considered signifi-
cant at a P value less than 0.10. Study-specific data were
combined using both fixed (22) and random effects (23)
models. The latter models incorporate between-study hetero-
geneity and provide wider confidence intervals (CIs) when
results of the constituent studies differ among themselves. In
the absence of between-study heterogeneity, the 2 methods
provide identical results, although random effects models are
more appropriate when between-study heterogeneity is
present. Unless stated otherwise, random effects estimates are
provided.

We performed cumulative meta-analysis and recursive
cumulative meta-analysis (24–26) to evaluate whether the
combined OR changed over time as more data on each
comparison and contrast were accumulated. Inverted funnel
plots (27) were examined as diagnostics for heterogeneity
related to the sample size of each study. Subgroup analyses
estimated subgroup-specific ORs defined by race. Subgroup
estimates were tested for heterogeneity between subgroups.
Finally, sensitivity analyses were limited to those studies that
used specific definitions of disease and methods of genotyping.

Attributable fraction. The proportion of SLE cases
attributed to the R131 allele (attributable fraction) is given as

�PR1 � �R1 � 1�� � �PR2 � �R2 � 1��

1 � �PR1 � �R1 � 1�� � �PR2 � �R2 � 1��

where PR1 and R1 are the prevalence of and summary relative
risk associated with RH heterozygosity (as compared with HH
homozygosity), and PR2 and R2 are the prevalence of and
summary relative risk associated with RR homozygosity (as
compared with HH homozygosity) (28). Because SLE is rare in
the general population, the case–control-derived OR is an
excellent approximation of the population relative risk (29).
Genotype prevalence data are derived from the included study
comparisons. Separate attributable fraction values were ob-
tained for subjects of different racial descent.

Software. Analyses were conducted using SPSS version
10.0 (SPSS, Chicago, IL) and Meta-Analyst (Joseph Lau,
Boston, MA). P values are 2-tailed.
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RESULTS

Characteristics of eligible studies. Twenty-eight
comparisons from 20 studies addressing the relationship
between Fc�RIIa-R/H131 and susceptibility to SLE
and/or the development of lupus nephritis were identi-
fied (4–19,30–33). Three reports (5,16,30) were ex-
cluded because of extensive overlapping with other
included publications. In addition, 13 patients labeled as
“other” ethnicity (not specified) in one study (33) were
excluded from the analysis. The meta-analysis therefore
included 25 (4,6–15,17–19,31–33) eligible comparisons;
21 of these comparisons (4,6–15,17–19,31,32) had data
evaluating the relationship between the Fc�RIIa-R/
H131 polymorphism and susceptibility to SLE, and 24
(4,6–15,17–19,31–33) had data on lupus nephritis versus
SLE without nephritis (Table 1).

A large number of ethnic groups were repre-
sented (Table 1). In all but 2 studies (13,18), SLE
patients fulfilled the American College of Rheumatol-
ogy (ACR) 1982 revised criteria (34). One of these studies

(13) did not clarify the criteria used for the diagnosis of

SLE, and the other (18) included patients based on a

clinical diagnosis (96% of them also met �4 of the ACR

criteria). Most studies uniformly used the relevant ACR

criterion for the definition of renal disease, but some

alternative definitions, such as biopsy-proven lupus ne-
phritis (12,31), or certain laboratory findings, alone
(18,32) or in common with specific histologic features on
renal biopsy (7,8,19,33), were also used. One study (17)
did not clarify which criteria were utilized.

In 5 comparisons (8,14,15,17,32), patients with
lupus nephritis comprised �60% of the total SLE co-
hort, suggesting overselection of nephritis cases. Vari-
able case-to-control ratios were used in the eligible
comparisons. With 2 exceptions (17,33), no study pro-
vided details about whether any matching of cases and
controls (other than by race) had been performed. No
study indicated whether the personnel who performed
the genotyping were blinded to the clinical status of
patients. For 19 comparisons, the genotyping method

Table 1. Characteristics of studies included in the meta-analysis*

Reference/year, country Ethnic group

No. of SLE patients
No. of

non-SLE

controls

R allele frequency

Total

Analyzed (nephritis/

non-nephritis) Nephritis

Non-

nephritis

Non-SLE

controls

Salmon et al (4)/1996, US African American 257 257 (117/140) 139 0.64 0.58 0.47
Caucasian American 266 266 (115/151) 103 0.51 0.52 0.50

Botto et al (12)/1996, UK English 215 215 (31/184) 259 0.50 0.57 0.55
Afro-Caribbean 70 70 (16/54) 77 0.59 0.63 0.55
Chinese 46 46 (not provided) 49 Not provided Not provided 0.31

Smyth et al (13)/1997, UK English/other Caucasian† 81 81 (19/62) 66 0.47 0.60 0.53
Greek 42 42 (19/23) 52 0.50 0.46 0.38

Song et al (6)/1998, Korea Korean 73 73 (44/29) 64 0.52 0.48 0.37
Manger et al (10)/1998, Germany German 108 108 (47/61) 187 0.53 0.40 0.49
Koene et al (14)/1998, Netherlands Dutch/American 70 70 (45/25) 87 0.53 0.54 0.47
Hatta et al (15)/1999, Japan Japanese 81 76 (52/24) 217 0.18 0.25 0.20
Norsworthy et al (7)/1999, UK Multinational, mainly

Caucasian
195 195 (71/124) 283 0.68 0.54 0.55

Yap et al (17)/1999, Malaysia Chinese 175 175 (122/53) 108 0.41 0.40 0.45
Malay 50 50 (23/27) 50 0.26 0.41 0.37

Oh et al (18)/1999, US‡ African American 77 63 (46/17) 69 0.59 0.44 0.57
Dijstelbloem et al (11)/2000,

Netherlands
Dutch 230 230 (108/122) 154 0.52 0.54 0.47

Michel et al (31)/2000, France French 80 80 (23/57) 183 0.46 0.61 0.44
D’Alfonso et al (19)/2000, Italy Italian 172 84 (25/59) 87 0.38 0.43 0.44
Sato et al (32)/2001, Japan Japanese 90 90 (83/7) 96 0.56 0.50 0.38
Zuniga et al (8)/2001, US Mexican/Central

American
67 67 (46/21) 53 0.63 0.64 0.53

Seligman et al (33)/2001, US Caucasian American 286 262 (76/186) – 0.55 0.54 –
Mexican 116 103 (48/55) – 0.55 0.60 –
Asian 101 97 (57/40) – 0.48 0.51 –
African American 71 61 (30/31) – 0.50 0.56 –

Yun et al (9)/2001, Korea Korean 300 299 (142/157) 197 0.41 0.33 0.33

* For the systemic erythematosus (SLE) patients who were analyzed, both genotype and clinical information was available.
† Other Caucasian subjects included 13 Irish, 20 from Southern/Eastern Europe, 2 Australian, and 1 South African.
‡ In this study, a definition of nephritis was not provided; for the purposes of our analysis, we selected only patients with proteinuria.
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had previously been validated (n � 8) or was validated
during the study, either by sequencing or by comparing
it with a previously validated method (n � 11). In 6
comparisons (8,14,17,19,32), there was no specific refer-
ence to validation, even though a novel or modified
assay was used for genotype analysis.

In total, the meta-analysis included genotyping of
1,405 SLE patients with nephritis, 1,709 SLE patients
without nephritis, and 2,580 non-SLE controls. The
H131 allele was more highly represented among non-
SLE controls of Asian descent than among those of
other racial descent (Table 1); frequencies were 0.45–
0.62 in non-SLE controls of European descent (4,7,8,10–
14,19,31), 0.43–0.53 in those of African descent
(4,12,18), and 0.55–0.80 in those of Asian descent
(6,9,12,15,17,32). Overall, the prevalence of RR ho-
mozygosity was 26%, 29%, and 9% in the 3 racial
subgroups, respectively. The prevalence of RH heterozy-
gosity in these subgroups was 48%, 45%, and 46%,
respectively. The distribution of genotypes in all disease-
free control groups was always consistent with Hardy-
Weinberg equilibrium (all P values were �0.10).

Meta-analysis. Overall effects. We found no evi-
dence of an association between the RR genotype and
the risk of lupus nephritis (Table 2 and Figure 1). No
association was discerned when RR was contrasted with
RH or HH separately. When only the 14 comparisons
(2,025 subjects) that met the ACR criterion for the
definition of nephritis were analyzed, the results did not
change substantially. The random effects OR estimate
for the risk of developing lupus nephritis was 0.99 in RR
homozygous patients compared with both other geno-
types combined (95% CI 0.81–1.23), with no evidence of
between-study heterogeneity (P � 0.75). The results

were also similar when we excluded studies that lacked
fully documented validation of the genotyping methods
used. Among the 18 comparisons that remained follow-
ing this exclusion, the OR for nephritis was 1.04 (95% CI
0.84–1.29) in RR homozygotes versus other subjects (no
significant heterogeneity).

In contrast, we documented a significant associ-
ation between the homozygous RR genotype and the
risk of developing SLE (P � 0.0016) relative to both
other genotypes combined, with no evidence of
between-study heterogeneity (P � 0.2) (Table 2 and
Figure 1). Moreover, the summary estimates for RR
versus RH suggested the presence of a dose effect. R131
homozygotes were at greater risk for SLE compared
with RH heterozygotes (OR 1.23). A maximal effect was
seen when RR homozygotes were contrasted with HH
(OR 1.55), while the OR for RH versus HH was 1.28. As
expected, we also found consistently significant skewing
toward RR homozygosity in SLE patients without ne-
phritis when compared with disease-free controls (OR
for RR versus other genotypes 1.27, 95% CI 1.04–1.55;
P � 0.15 for heterogeneity; data not shown). The results
were very consistent when we excluded studies that
lacked recorded validation of the genotyping methods
used (OR 1.36 for RR versus other genotypes [95% CI
1.12–1.64; no significant heterogeneity]).

Racial subgroup analyses: lupus nephritis. No dif-
ferences in genotype distribution between SLE patients
with nephritis and those without nephritis were observed
in any of the racial subgroups. There was no significant
heterogeneity between races in this regard (Table 2).

Racial subgroup analyses: SLE susceptibility. The
RR genotype was clearly overrepresented among SLE
patients of European descent. Such subjects also showed

Table 2. Summary odds ratios (ORs) for the association of systemic lupus erythematosus (SLE) or lupus nephritis with Fc�RIIA-specific genotypes

(random effects model)

Comparison group

No. of

comparisons

RR vs. RH � HH RR vs. RH RR vs. HH

OR (95%

confidence interval)

No. of

subjects

OR (95%

confidence interval)

No. of

subjects

OR (95%

confidence interval)

No. of

subjects

SLE nephritis vs. SLE without
nephritis

24 1.05 (0.88–1.27) 3,114 1.01 (0.84–1.22) 2,369 1.07 (0.81–1.42) 1,550

European descent 13 0.96 (0.73–1.26) 1,803 0.96 (0.74–1.24) 1,423 0.94 (0.65–1.35) 901
African descent 4 1.12 (0.75–1.69) 451 1.02 (0.66–1.57) 376 1.47 (0.70–3.09) 232
Asian descent 7 1.28 (0.84–1.95) 860 1.20 (0.77–1.88) 570 1.23 (0.69–2.20) 417

SLE vs. disease-free controls 21 1.30 (1.10–1.52) 5,217 1.23 (1.03–1.46) 3,724 1.55 (1.21–1.98)* 2,717
European descent 11 1.27 (1.07–1.50) 2,952 1.24 (1.04–1.49) 2,235 1.38 (1.09–1.75) 1,533
African descent 3 1.19 (0.63–2.23)* 675 1.00 (0.55–1.83)* 542 1.95 (1.00–3.81) 354
Asian descent 7 1.28 (0.83–1.98) 1,590 1.13 (0.67–1.90)* 947 1.64 (0.81–3.32)† 830

* 0.01 � P � 0.10 for heterogeneity.
† P � 0.01 for heterogeneity.
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Figure 1. Meta-analysis for effects of Fc� receptor IIa–R/H131 polymorphism on the risk of lupus nephritis (left) and systemic lupus erythematosus

(SLE; right). Comparisons from individual studies are shown. AF signifies African descent, AS signifies Asian descent; all other comparisons are

for subjects of European descent. For each comparison, a point estimate of the odds ratio (OR) and the accompanying 95% confidence intervals

(95% CIs) are presented. Also shown are the summary random effects estimates for each comparison along with the respective 95% CIs as well as

final Z scores and the respective 2-tailed P values for the summary ORs. Values �1 denote an increased risk.
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a more typical escalation of risk with the RR compared
with the RH genotype. An escalation of risk was less
clear in subjects of African or Asian descent, although
there was no statistically significant heterogeneity be-
tween the 3 racial subgroups for any of the examined
contrasts (Table 2). However, there was considerable
between-study heterogeneity within some of the com-
parisons involving subjects of African and Asian descent.
In particular, among subjects of African descent,
between-study heterogeneity was only moderate and
involved mainly the RR genotype relative to RH and
HH combined (P � 0.05). The RR versus HH contrast
showed an SLE susceptibility effect for RR homozy-
gotes without any between-study heterogeneity (Table
2). Likewise, RH heterozygosity conferred a much
higher risk for SLE than did HH homozygosity (OR
1.87, 95% CI 1.24–2.83), without any between-study
heterogeneity. No escalation of risk with RR versus RH
was seen.

In subjects of Asian descent, both RR and RH
were associated with a trend toward increased suscepti-
bility to SLE as contrasted with HH, but between-study
heterogeneity was significant. The 2 comparisons re-
ported by Yap et al (17), which demonstrated OR �1,
contrasted sharply with the study by Sato et al (32),
which showed a very strong predisposition for SLE
among Japanese patients with this polymorphism. Yap
et al may have made some error in genotyping, because
they also reported a very low prevalence of the H131
allele compared with the prevalence reported in all other
studies of subjects of Asian descent, and their method of
genotyping had not been validated.

Other bias diagnostics. In both cumulative meta-
analysis and recursive cumulative meta-analysis, no evi-
dence was found that early studies in the field had
overestimated the magnitude of the effect of the poly-
morphism on SLE susceptibility, with the exception of
the very first preliminary study (5), which had shown a
very large odds ratio. Otherwise, the magnitude of the
effect had been stable over time. Similarly, inverted
funnel plots showed no evidence of bias differentiating
the magnitude of the observed effect between small and
large studies.

Attributable fraction. The random effects rela-
tive risk for RR versus HH and for RH versus HH was
1.38 and 1.12, respectively, in subjects of European
descent, 1.95 and 1.87, respectively, in subjects of Afri-
can descent, and 1.64 and 1.58, respectively, in subjects
of Asian descent. The estimated attributable fraction for
the R131 allele was 13%, 40%, and 24% in the 3 racial
subgroups, respectively.

DISCUSSION

This meta-analysis documents that common ge-
netic variants of Fc�R that alter IgG binding capacity
are important determinants of susceptibility to SLE.
Overall homozygosity for R131, the low-binding allele of
the Fc�RIIA gene, was associated with a 1.30-fold
greater risk for the development of SLE compared with
both other genotypes combined. The effect of the R131
allele on the risk for lupus seemed also to have a
dose–response character, at least in subjects of Euro-
pean descent. Our results do not support a role for this
polymorphism as far as susceptibility to lupus nephritis is
concerned. The evidence is most conclusive among
subjects of European descent, but data from subjects of
African and Asian descent are also consistent with this
interpretation.

Predisposition to complex autoimmune diseases
such as SLE is probably affected by a variety of genetic
and environmental factors (35). The identification of
susceptibility alleles remains difficult because of exten-
sive heterogeneity and possible epistatic interaction
among the multiple genes required for disease develop-
ment. Both linkage studies (36) and association studies
require careful replication. This meta-analysis docu-
ments a consistent role for the Fc�RIIa-R/H131 poly-
morphism in predisposition to SLE. Even though the
summary OR estimates suggest only a modest genetic
effect, the relevance of this effect may be appreciable at
the population level, considering that R131 is a common
variant. The proportion of SLE cases attributed to this
polymorphism is estimated at 13% for subjects of Euro-
pean descent. The estimated proportions of SLE cases
among subjects of African and Asian descent are even
greater; however, because of the limited data, the 95%
CIs of the relative risks (that are used to calculate
attributable fractions) do not exclude the possibility of
no effect at all.

For a randomly selected individual, the absolute
(additive) risk for SLE that is conferred by the R131
allele is small. Assuming that the average risk for
developing SLE is 	1 in 2,000, a 30% increase corre-
sponds to an absolute risk increase of 3 in 20,000.
However, the overall effect of this polymorphism at the
population level is considerable. Although the vast ma-
jority of individuals with the R131 allele will not develop
SLE, a clinically meaningful proportion of SLE cases
may be attributed to this polymorphism. The importance
of the Fc�RIIa-R/H131 polymorphism for susceptibility
to SLE at the population level may also be viewed
against traditional genetic factors identified in the past
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(37). When compared with extremely rare genetic mark-
ers, common markers are more important at the popu-
lation level, even if they exert only modest effects on
disease susceptibility. For example, 	50% of Caucasian
SLE patients have HLA–DR3, compared with 25% of
the general population (38). This corresponds to an
attributable fraction of 	33% at the population level.
Conversely, hereditary homozygous deficiencies of early
complement components are strongly associated with
SLE (39), but they are extremely rare. The most com-
mon C2 homozygous deficiency occurs in 1 of every
10,000–40,000 individuals (40) and 	1 of every 10
affected persons develops SLE (39); thus, the attribut-
able fraction is �1%.

One potential mechanism by which the R131
allele confers risk for SLE could be impaired binding of
IgG2-containing ICs, defective clearance of these circu-
lating ICs, increased tissue deposition, and accelerated
organ damage (3). However, if this mechanism is the
most important one involved, a maximal effect on lupus
nephritis—an IC-mediated manifestation—might be ex-
pected (41). Nevertheless, the major IgG subclasses in
immune deposits of proliferative glomerulonephritis are
IgG1 and IgG3 rather than IgG2 (42,43), which may
explain the lack of a stronger association between lupus
nephritis and the Fc�RIIa-R/H131 polymorphism.

Alternative pathogenetic pathways may be in-
volved as well. Some evidence (44,45) suggests that on
phagocytic cells, Fc�RIIa may be the major receptor for
C-reactive protein (CRP) and one of the receptors for
the serum amyloid P (SAP) component. Because these 2
molecules may function as opsonins for nuclear antigens
(44,45), the handling of nucleosomes that are bound to
either CRP or SAP may also be influenced by allelic
polymorphisms (46). This theory has been challenged:
an intact Fc region of the antibody used for detection of
CRP binding to Fc�RIIa on phagocytic cells may be
important for this binding (47). However, further evi-
dence seems to support the theory (48).

The effect of the Fc�RIIa-R/H131 polymorphism
on the risk of SLE may have a dose–response character,
with an escalation of SLE risk between RR homozygotes
and RH heterozygotes. A dose–response effect is con-
sistent with in vitro experiments showing that RR ho-
mozygotes have poor phagocytosis of IgG2 model ICs,
RH heterozygotes have intermediate phagocytic capac-
ity, and optimal IgG2 handling occurs only in HH
homozygotes (4).

Some limitations of this study should be dis-
cussed. First, although we found no association with
lupus nephritis, the meta-analysis pertains only to sus-

ceptibility for this manifestation and does not exclude
the possibility that the Fc�RIIa-R/H131 polymorphism
may influence the clinical course of nephritis (6,10),
other disease manifestations (9,10), or even the course
of SLE (10,11). More data are needed to clarify these
issues. Second, bias is possible in a meta-analysis. How-
ever, formal bias diagnostics did not suggest such prob-
lems. Some studies used modified genotyping methods
without reporting full validation; however, similar results
were obtained when such studies were excluded. The
meta-analysis should also help sensitize investigators
conducting research in the burgeoning field of SLE
genetics to methodologic issues. For example, it is
important to ensure that blinding procedures are used in
such assessments and to avoid bias by carefully defining
selection criteria and then making sure that all selected
patients are genotyped. Overall, although it is unlikely
that bias would have affected our conclusions, attention
to subtle study design and study reporting issues (49)
may be important in future research in the field.

In fact, there is accumulating evidence that be-
sides the Fc�RIIa-R/H131 polymorphism, other func-
tional Fc�R polymorphisms may be important for SLE
susceptibility or disease phenotype. For example, the
Fc�RIIIa-F/V158 has been studied recently (8,11,14–
16,18,33,50) for its potential influence on disease expres-
sion, because the F158 isoform binds IgG1 and IgG3
with lower affinity than does the V158 isoform (50,51).
However, the relative importance of interactions among
alleles and the potential role of linkage disequilibrium
between Fc�R genes on chromosome 1q21–24 are not
well known. Future association studies should simulta-
neously analyze Fc�R haplotypes, along with other
candidate genes, to define a genetic risk profile for the
disease. Genetic variants in totally different genes may
also be at least as relevant as Fc�R variants.

The meta-analysis approach offers a powerful
method to organize and synthesize information on subtle
yet clinically important genetic effects (52,53). In indi-
vidual studies, ORs in the range of 1.2–1.5 are very
difficult to detect or confirm unless thousands of sub-
jects are genotyped. A consortium approach (20,54),
with synthesis of the accumulated data through a com-
prehensive meta-analysis, may be useful for clarifying
the role of additional polymorphisms in SLE genetics.

ACKNOWLEDGMENTS

The following investigators contributed data and/or
clarifications to the meta-analysis and reviewed the final
manuscript: Sandra D’Alfonso, PhD: Universita del Piemonte

Fc�RIIa POLYMORPHISM IN SLE AND LUPUS NEPHRITIS 1569



Orientale “A. Avogadro,” Novara, Italy; Kevin A. Davies, MD,
FRCP: Imperial College School of Medicine, Hammersmith
Hospital, London, UK; Hilde M. Dijstelbloem, MSc, Jan G. J.
van de Winkel, PhD: University Medical Center Utrecht,
Utrecht, The Netherlands; Cees G. M. Kallenberg, MD, PhD:
University Hospital Groningen, Groningen, The Netherlands;
Marc Michel, MD, Elisabeth Tournier-Lasserve, MD: Unite
INSERM U25 Faculte de Medecine, Necker, Paris, France;
Jane E. Salmon, MD: Hospital for Special Surgery and New
York Hospital, Cornell Medical Center, New York, NY;
Dae-Hyun Yoo, MD, PhD: Hospital for Rheumatic Diseases,
Hanyang University, Seoul, Korea. The authors thank M.
Perez for her assistance with article retrieval.

REFERENCES

1. Van der Pol W, van de Winkel J. IgG receptor polymorphisms: risk
factors for disease. Immunogenetics 1998;48:222–32.

2. Lehrnbecher T, Foster C, Zhu S, Leitman S, Goldin L, Huppi K,
et al. Variant genotypes of the low-affinity Fc� receptors in two
control populations and a review of low-affinity Fc� receptor
polymorphisms in control and disease populations. Blood 1999;94:
4220–32.

3. Salmon JE, Pricop L. Human receptors for immunoglobulin G:
key elements in the pathogenesis of rheumatic disease. Arthritis
Rheum 2001;44:739–50.

4. Salmon J, Millard S, Schachter L, Arnett F, Ginzler E, Gourley M,
et al. Fc�RIIA alleles are heritable risk factors for lupus nephritis
in African Americans. J Clin Invest 1996;97:1348–54.

5. Duits A, 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;39:1832–6.

6. Song YW, Han C-W, Kang S-W, Baek H-J, Lee E-B, Shin C-H, et
al. Abnormal distribution of Fc� receptor type IIa polymorphisms
in Korean patients with systemic lupus erythematosus. Arthritis
Rheum 1998;41:421–6.

7. Norsworthy P, Theodoridis E, Botto M, Athanassiou P, Beynon H,
Gordon C, et al. Overrepresentation of the Fc� receptor type IIA
R131/R131 genotype in caucasoid systemic lupus erythematosus
patients with autoantibodies to C1q and glomerulonephritis. Ar-
thritis Rheum 1999;42:1828–32.

8. Zuniga R, Ng S, Peterson ME, Reveille JD, Baethge BA, Alarcon
GS, et al. Low-binding alleles of Fc� receptor types IIA and IIIA
are inherited independently and are associated with systemic lupus
erythematosus in Hispanic patients. Arthritis Rheum 2001;44:
361–7.

9. Yun H, Koh H, Kim S, Chung W, Kim D, Hong K, et al.
Fc�RIIa/IIIa polymorphism and its association with clinical man-
ifestations in Korean lupus patients. Lupus 2001;10:466–72.

10. Manger K, Repp R, Spriewald BM, Rascu A, Geiger A, Wassmuth
R, et al. Fc� receptor IIa polymorphism in Caucasian patients with
systemic lupus erythematosus: association with clinical symptoms.
Arthritis Rheum 1998;41:1181–9.

11. Dijstelbloem HM, Bijl M, Fijnheer R, Scheepers RHM, Oost WW,
Jansen M, et al. Fc� receptor polymorphisms in systemic lupus
erythematosus: association with disease and in vivo clearance of
immune complexes. Arthritis Rheum 2000;43:2793–800.

12. Botto M, Theodoridis E, Thompson E, Beynon H, Briggs D,
Isenberg D, et al. Fc�RIIa polymorphism in systemic lupus
erythematosus (SLE): no association with disease. Clin Exp Im-
munol 1996;104:264–8.

13. Smyth L, Snowden N, Carthy D, Papasteriades C, Hajeer A, Ollier
W. Fc�RIIa polymorphism in systemic lupus erythematosus. Ann
Rheum Dis 1997;56:744–6.

14. Koene H, Kleijer M, Swaak AJG, Sullivan KE, Bijl M, Petri MA,
et al. The Fc�RIIIA-158F allele is a risk factor for systemic lupus
erythematosus. Arthritis Rheum 1998;41:1813–8.

15. Hatta Y, Tsuchiya N, Ohashi J, Matsushita M, Fujiwara K,
Hagiwara K, et al. Association of Fc� receptor IIIB, but not of Fc�

receptor IIA and IIIA polymorphisms with systemic lupus ery-
thematosus in Japanese.Genes Immun 1999;1:53–60.

16. Salmon JE, Ng S, Yoo DH, Kim TH, Kim SY, Song GG. Altered
distribution of Fc� receptor IIIA alleles in a cohort of Korean
patients with lupus nephritis. Arthritis Rheum 1999;42:818–9.

17. Yap S, Phipps M, Manivasagar M, Tan S, Bosco J. Human Fc�

receptor IIA (Fc�RIIA) genotyping and association with systemic
lupus erythematosus (SLE) in Chinese and Malays in Malaysia.
Lupus 1999;8:305–10.

18. Oh M, Petri M, Kim N, Sullivan K. Frequency of the Fc�RIIIA-
158F allele in African American patients with systemic lupus
erythematosus. J Rheumatol 1999;26:1486–9.

19. D’Alfonso S, Rampi M, Bocchio D, Colombo G, Scorza-Smeraldi
R, Momigliano-Richardi P. Systemic lupus erythematosus candi-
date genes in the Italian population: evidence for a significant
association with interleukin-10. Arthritis Rheum 2000;43:120–8.

20. Trikalinos T, Karassa F, Ioannidis J. Meta-analysis of the associ-
ation between low-affinity Fc� receptor gene polymorphisms and
hematologic and autoimmune disease. Blood 2001;98:1634–5.

21. Lau J, Ioannidis J, Schmid C. Quantitative synthesis in systematic
reviews. Ann Intern Med 1997;127:820–6.

22. Mantel N, Haenszel W. Statistical aspects of the analysis of data
from retrospective studies of disease. J Natl Cancer Inst 1959;22:
719–48.

23. Fleiss J. The statistical basis of meta-analysis. Stat Methods Med
Res 1993;2:121–45.

24. Lau J, Antman E, Jimenez-Silva J, Kupelnick B, Mosteller F,
Chalmers T. Cumulative meta-analysis of therapeutic trials for
myocardial infarction. N Engl J Med 1992;327:248–54.

25. Ioannidis J, Contopoulos-Ioannidis DG, Lau J. Recursive cumu-
lative meta-analysis: a diagnostic for the evolution of total ran-
domized evidence from group and individual patient data. J Clin
Epidemiol 1999;52:281–91.

26. Ioannidis J, Lau J. Evolution of treatment effects over time:
empirical insight from recursive cumulative metaanalyses. Proc
Natl Acad Sci U S A 2001;98:831–6.

27. Egger M, Davey Smith G, Schneider M, Minder C. Bias in
meta-analysis detected by a simple, graphical test. BMJ 1997;315:
629–34.

28. Rothman K, Greenland S. Modern Epidemiology. 2nd ed. Phila-
delphia: Lipincott-Raven; 1998.

29. Feinstein AR. Clinical epidemiology: the architecture of clinical
research. Philadelphia: Saunders; 1985.

30. Haseley L, Wisnieski J, Denburg M, Michael-Grossman A, Gin-
zler E, Gourley M, et al. Antibodies to C1q in systemic lupus
erythematosus: characteristics and relation to Fc�RIIA alleles.
Kidney Int 1997;52:1375–80.

31. Michel M, Piette J, Roullet E, Duron F, Frances C, Nahum L, et
al. The R131 low-affinity allele of the Fc�RIIA receptor is
associated with systemic lupus erythematosus but not with other
autoimmune diseases in French Caucasians. Am J Med 2000;108:
580–3.

32. Sato H, Iwano M, Akai Y, Nishino T, Fujimoto T, Shiiki H, et al.
Fc�RIIa polymorphism in Japanese patients with systemic lupus
erythematosus. Lupus 2001;10:97–101.

33. Seligman VA, Suarez C, Lum R, Inda SE, Lin D, Li H, et al. The
Fc� 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.

34. Tan E, Cohen A, Fries J, Masi A, McShane D, Rothfield N, et al.
The 1982 revised criteria for the classification of systemic lupus
erythematosus. Arthritis Rheum 1982;25:1271–7.

1570 KARASSA ET AL



35. Davidson A, Diamond B. Autoimmune diseases. N Engl J Med
2001;345:340–50.

36. Moser K, Neas B, Salmon J, Yu H, Gray-McGuire C, Asundi N, et
al. Genome scan of human systemic lupus erythematosus: evi-
dence for linkage on chromosome 1q in African-American pedi-
grees. Proc Natl Acad Sci U S A 1998;95:14869–74.

37. Arnett F. Genetic studies of human lupus in families. Int Rev
Immunol 2000;19:297–317.

38. Gregersen P. Immunity: C. Immunogenetics. In: Klippel JH,
editor. Primer on the rheumatic diseases. 11th ed. Atlanta: Arthri-
tis Foundation; 1997. p. 76–80.

39. Walport M. Complement: second of two parts. N Engl J Med
2001;344:1140–4.

40. Provost TT, Arnett FC, Reichlin M. Homozygous C2 deficiency,
lupus erythematosus, and anti-Ro (SSA) antibodies. Arthritis
Rheum 1983;26:1279–82.

41. Ambrus JJ, Sridhar N. Immunologic aspects of renal disease.
JAMA 1997;278:1938–45.

42. Roberts J, Wyatt R, Schwartz M, Lewis E. Differential character-
istics of immune-bound antibodies in diffuse proliferative and
membranous forms of lupus glomerulonephritis. Clin Immunol
Immunopathol 1983;29:223–41.

43. Doi T, Mayumi M, Kanatsu K, Suehiro F, Hamashima Y. Distri-
bution of IgG subclasses in membranous nephropathy. Clin Exp
Immunol 1984;58:57–62.

44. Bharadwaj D, Stein M, Volzer M, Mold C, Du Clos T. The major
receptor for C-reactive protein on leukocytes is Fc� receptor II. J
Exp Med 1999;190:585–90.

45. Bharadwaj D, Mold C, Markham E, Du Clos T. Serum amyloid P
component binds to Fc� receptors and opsonizes particles for
phagocytosis. J Immunol 2001;166:6735–41.

46. Stein M, Edberg J, Kimberly R, Mangan E, Bharadwaj D, Mold C,
et al. C-reactive protein binding to Fc�RIIa on human monocytes
and neutrophils is allele-specific. J Clin Invest 2000;105:369–76.

47. Saeland E, van Royen A, Hendriksen K, Vile-Weekhout H,
Rijkers G, Sanders L, et al. Human C-reactive protein does not
bind to Fc�RIIa on phagocytic cells. J Clin Invest 2001;107:641–2.

48. Du Clos T, Mold C, Edberg J, Kimberly R. Reply to Human
C-reactive protein does not bind to Fc�RIIa on phagocytic cells
[letter]. J Clin Invest 2001;107:643.

49. Stroup D, Berlin J, Morton S, Olkin I, Williamson G, Rennie D,
for the Meta-analysis of Observational Studies in Epidemiology
(MOOSE) group. Meta-analysis of observational studies in epide-
miology: a proposal for reporting. JAMA 2000;283:2008–12.

50. Wu J, Edberg J, Redecha P, Bansal V, Guyre P, Coleman K, et al.
A novel polymorphism of Fc�RIIIa (CD16) alters receptor func-
tion and predisposes to autoimmune disease. J Clin Invest 1997;
100:1059–70.

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

52. Ioannidis J, Rosenberg P, Goedert J, Ashton L, Benfield T, Buch-
binder S, et al. Effects of CCR5-delta32, CCR2-64I and SDF-1 3’ A
polymorphisms on HIV disease progression: an international meta-
analysis of individual patient data. Ann Intern Med 2001;135:782–95.

53. Ioannidis J, Ntzani E, Trikalinos T, Contopoulos-Ioannidis D.
Replication validity of genetic association studies. Nat Gen 2001;
29:306–9.

54. Ioannidis J, Rosenberg P, Goedert J, O’ Brien T. Meta-analysis of
individual participants’ data in genetic epidemiology. Am J Epi-
demiol. In press.

Fc�RIIa POLYMORPHISM IN SLE AND LUPUS NEPHRITIS 1571


