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ABSTRACT
Objectives Genome-wide association studies in
rheumatoid arthritis (RA) have failed to examine the
FCGR gene cluster because of the confounding effects
of segmental duplication. This study aimed to replicate
previous candidate gene studies that had identified a
significant association between the FCGR3A-158V allele
and RA and then sought to estimate specific subgroup
effects.
Methods FCGR3A-158F/V genotyping was undertaken
in a UK Caucasian replication cohort comprising 2049
patients with RA and 1156 controls. Subgroup analyses
assessing the magnitude of association according
to gender and autoantibody (rheumatoid factor (RF)
and cyclic citrullinated peptide (CCP)) status were
undertaken in a pooled cohort of 2963 patients with RA
and 1731 controls. Logistic regression was used to test
for interaction between FCGR3A and HLA-DRB1 shared
epitope (SE) alleles.
Results In the combined RA cohort, borderline
association with homozygosity was found for the
FCGR3A-158V allele (OR 1.2, p=0.05), which was
stronger in men (OR 1.7, p=0.01). Stratification by
autoantibody status showed an increased risk in RF
and CCP positive RA. Analysis of the FCGR3A-158V and
HLA-DRB1 SE interaction revealed roles for both genes
in susceptibility to autoantibody positive RA, with no
evidence of interaction.
Conclusions FCGR3A is a risk factor for the
development of autoantibody positive RA, particularly in
men, with evidence of a multiplicative effect with HLADRB1 SE.

RA is the non-synonymous 158 V/F polymorphism
in FCGR3A (rs396991), which substitutes a valine
for a phenylalanine at amino acid position 158,
thereby increasing the afﬁnity of FcγRIIIa for IgG1
and IgG3.4 We and other groups have previously
found an association between the higher afﬁnity
V allele and RA,5–9 particularly in subgroups with
more severe disease marked by nodules,8–10 and
have discussed potential biological pathways that
may be upregulated by this SNP. Some groups have
been either unable to detect similar associations,
possibly due to cohort size, or have identiﬁed an
association with the alternative allele.11–14
The FCGR locus has poor SNP coverage on the
main commercial arrays owing to the presence of
homologous sequence paralogs. For FCGR3A and
FCGR3B, none of the array-based assays on the
commonly used commercial arrays (Affymetrix
5.0, 6.0, Illumina Human Map 300, 550, 650) are
gene-speciﬁc. Thus, despite advances in genotyping
technologies, the FCGR locus can currently only be
investigated using well-designed conventional low
to medium throughput technologies.
The aim of the current study was to re-evaluate
the association of FCGR3A with RA by undertaking
a replication study in a large UK Caucasian population and a meta-analysis of previous work. We previously demonstrated a multiplicative joint effect
with the HLA-DRB1 shared epitope (SE). Given
the strong association between HLA-DRB1 SE and
cyclic citrullinated peptide (CCP) autoantibodies,15
we also undertook a series of subgroup analyses
stratifying for autoantibody status.

INTRODUCTION

PATIENTS AND METHODS

Recent genome-wide association studies (GWAS)
in rheumatoid arthritis (RA) have been highly
successful in both the conﬁrmation of known
genetic associations and in highlighting new loci/
immunological pathways that warrant further
investigation.1 However, GWAS are limited by
the technologies they employ. Those technologies
based on probe hybridisation rely on each single
nucleotide polymorphism (SNP) having a unique
ﬂanking sequence. SNPs in segmental duplications,
which comprise ~5% of the genome,2 frequently
fail quality controls owing to the presence of multiple paralogs, leading to poor coverage of duplicated
regions in GWAS.
The FCGR locus on chromosome 1q23 has arisen
through a series of duplication events.3 The best
characterised SNP in terms of the pathogenesis of

Patients with RA aged ≥18 years of age at disease
onset (n=834) were recruited from the Yorkshire
Early Arthritis Register (YEAR). An additional
1215 patients were recruited from the general
rheumatology outpatients in Leeds or through
the Biologics in Rheumatoid Arthritis Genetics
and Genomics Study Syndicate (BRAGGSS), as
described previously.16 All cases were Caucasian
of Northern European descent and fulﬁlled the
1987 American College of Rheumatology classiﬁcation criteria.17 Healthy controls were a
combination of blood donors (n=235) and general population controls recruited from Shefﬁeld
(n=921).18 19 An additional 914 patients with RA
and 575 control subjects from our previous studies were included in the combined and subgroup
analyses.8 9
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Genotyping
FCGR3A genotyping (rs396991) was carried out using a validated
single-stranded conformational polymorphism (SSCP) assay or,
alternatively, by the direct sequencing of the same PCR product.9 HLA-DRB1 typing and SE classiﬁcation was undertaken as
previously described.9

with RA and 1731 controls. For the combined RA cohort, 69%
of the patients were women, 76% were HLA-DRB1 SE positive,
75% were IgM RF positive and 73% were positive for CCP antibodies. The gender was known for 1551 control subjects, 60%
of whom were women.

Association of FCGR3A with rheumatoid arthritis
Immunoassays
The majority of RA cases were recruited from NHS rheumatology clinics throughout the UK and IgM rheumatoid factor
(RF) status was measured using standard nephelometric assays.
Patients who had ever had titres ≥40 units/μl were deﬁned as
RF positive. The presence of CCP antibodies was documented
at a single time point for a proportion of the patients (n=1452)
included in both the original and replication studies using the
commercially available DIASTAT anti-CCP ELISA (Axis-Shield
Diagnostics, Cambridgeshre, UK) or the ELiA CCP kit on an
ImmunoCAP 100 (Phadia AB, Uppsala, Sweden). Patients who
had a titre of ≥5.5 units/ml or ≥10 units/ml for the two assays,
respectively, were deﬁned as CCP positive.

Statistical analysis
Power calculations (power 80%, signiﬁcance 5%) indicated that
the replication study had sufﬁcient power to detect an association between FCGR3A-158V and RA with an OR of 1.45,
assuming a recessive model. Statistical analyses were performed
using the SPSS 13.0 statistical package for Windows (Chicago,
Illinois, USA). Data from the combined cohorts were stratiﬁed
according to gender and the presence of autoantibodies (RF and
CCP). ORs and their 95% CI were calculated for the effect of
the FCGR3A-158VV genotype on risk compared with alternative genotypes (ie, recessive model). The χ2 test was used for
statistical comparisons and p values <0.05 were considered statistically signiﬁcant throughout.
The possibility of an interaction between FCGR3A and the
HLA-DRB1 SE was formally tested, within a logistic regression
framework, by performing a test for interaction (departure from
a multiplicative joint effect) using the Stata statistical software
release 10.0 (Stata Corporation, College Station, Texas, USA).
Departure from an additive joint effect was investigated by calculating the relative excess risk due to interaction (RERI) and
hence (if RERI >0) the attributable proportion (AP) of risk due
to interaction. The test was based on standard error estimates
obtained from Taylor series expansion.20
For the meta-analysis, we searched PubMed for association studies using the terms ‘FCGRIIIa’, ‘RA’, ‘Rheumatoid’,
‘Arthritis’, ‘FCGR’, ‘Fcgamma’ and using references retrieved
from these manuscripts. The meta-analyses were restricted to
studies that speciﬁed Caucasian ethnicity in the patients and
controls. Seven studies ﬁtted the criteria for the meta-analysis, resulting in a total of 5320 cases of RA and 4458 controls.
Random effects models were used to perform the meta-analyses
under a recessive model. Heterogeneity was investigated using
I2, which describes the proportion of total variation in study estimates that is due to heterogeneity and by Cochran’s Q-statistic.
A meta-analysis stratiﬁed by autoantibody status was performed
for studies which reported the relevant data.

RESULTS
The replication study comprised 2049 subjects with RA and
1156 controls who had not previously been genotyped. The subanalyses were undertaken on a combined cohort that included
previously genotyped subjects and comprised 2963 patients
Ann Rheum Dis 2010;69:1054–1057. doi:10.1136/ard.2009.110874

There was no departure from Hardy–Weinberg equilibrium in
the control group. Assuming a recessive model, the effect size
for FCGR3A-158V was reduced in the replication cohort and
failed to reach statistical signiﬁcance (OR 1.1, 95% CI 0.9 to
1.4; table 1), but the estimate was consistent with an increase
in risk.
When the replication study was combined with the original
cohort, homozygosity for the FCGR3A-158V allele showed borderline signiﬁcance with RA (OR 1.2, 95% CI 1.0 to 1.5; table 1).
The strength of the association was found to be greater in men
(table 1), as previously reported by others.7 The association was
also greater in those patients harbouring autoantibodies (CCP
and/or IgM RF). An increased frequency of homozygosity for
the FCGR3A-158V allele was observed in both RF positive and
negative RA, but this was only statistically signiﬁcant in the RF
positive subgroup (OR 1.3, 95% CI 1.0 to 1.6, p=0.03), most
likely as a result of increased sample size and statistical power.
However, an increased frequency of FCGR3A-158V homozygotes was only observed in the CCP positive RA group (OR
1.3, 95% CI 1.0 to 1.6, p=0.05), with an estimated OR of 1.0
in the CCP negative group (table 1). No statistically signiﬁcant
difference in autoantibody status between men and women was
observed.

Meta-analysis
Data from 5320 cases of RA and 4558 healthy controls were
available. There was no evidence of signiﬁcant population
heterogeneity. The I2 statistic of 0% suggested that all variability in effect estimates was due to sampling error within studies.
We found that homozygosity for the V allele was signiﬁcantly
associated with disease susceptibility (ﬁgure 1A, p=0.003), particularly in CCP positive RA (ﬁgure 1B, p=0.004).

Table 1 FCGR3A genotype frequencies and subgroup analyses
FCGR3A 158
Cohort
Replication
Controls (n=1156)
RA (n=2049)

FF

FV

VV

OR (95% CI, p value)*

525 (0.45) 515 (0.45) 116 (0.10)
918 (0.45) 903 (0.44) 228 (0.11) 1.1 (0.9 to 1.4, p=0.3)

Combined
Controls (n=1731) 798 (0.46) 760 (0.44) 173 (0.10)
RA (n=2963)
1311 (0.44) 1300 (0.44) 352 (0.12) 1.2 (1.0 to 1.5, p=0.05)
Subgroup
RF+ (n=2005)
RF− (n=650)
CCP+ (n=1071)
CCP− (n=381)

881 (0.44)
283 (0.44)
469 (0.44)
164 (0.43)

Women
Controls (n=922)
RA (n=2060)

425 (0.46) 393 (0.43) 104 (0.11)
888 (0.43) 926 (0.45) 246 (0.12) 1.1 (0.8 to 1.4, p=0.6)

Men
Controls (n=629)
RA (n=755)

295 (0.47) 284 (0.45)
349 (0.46) 311 (0.41)

878 (0.44) 246 (0.12) 1.3 (1.0 to 1.6, p=0.03)
292 (0.45) 75 (0.12) 1.2 (0.9 to 1.6, p=0.3)
469 (0.44) 133 (0.12) 1.3 (1.0 to 1.6, p=0.05)
180 (0.47) 37 (0.10) 1.0 (0.7 to 1.4, p=0.9)

50 (0.08)
95 (0.13) 1.7 (1.2 to 2.4, p=0.01)

*A recessive model was used to estimate the relative risk of homozygosity for the
FCGR3A-158V allele.
CCP, cyclic citrullinated peptide; RA, rheumatoid arthritis; RF, rheumatoid factor.
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Joint effect of FCGR3A and the HLA-DRB1 shared epitope
We calculated the risk of developing RA conferred by combinations
of homozygosity for the FCGR3A-158V allele and the presence of
a HLA-DRB1 SE allele (table 2). The data were consistent with
either an additive or multiplicative joint effect, with no evidence
of an interaction between these two genetic loci (table 2). The
increased risk to FCGR3A and HLA-DRB1 SE positive individuals
was strong (OR 5.1, 95% CI 3.6 to 7.1, p<0.0001), particularly in
the RF positive (OR 7.0, 95% CI 4.9 to 9.9, p<0.0001) and CCP
positive (OR 8.4, 95% CI 5.7 to 12.4, p<0.0001) subgroups.

DISCUSSION
We have previously demonstrated and conﬁrmed an association with homozygosity for the FCGR3A-158V allele in established RA cohorts. Our replication study showed the same trend
towards an increase in FCGR3A-158VV genotype frequency and
the combined analysis demonstrated borderline statistical signiﬁcance, with an OR of 1.2 compared with 1.5 in our previous
studies.9 To detect a more modest association with an OR of
1.2, which is comparable with other non-MHC genetic loci in
RA, 4794 cases and controls would have been required which
were not available for the current study. A meta-analysis of
5320 patients with RA and 4558 healthy controls was therefore
undertaken (ﬁgure 1) and conﬁrmed the association of FCGR3A158VV with RA (OR 1.2).
Emerging data suggest that different genetic and environmental associations and thus pathogenic mechanisms may be
observed in autoantibody positive and negative RA.21 This is
of particular importance with respect to FCGR3A, since homozygosity for the high afﬁnity variant may only be of functional
signiﬁcance in the subgroup of patients with RA with either IgG
antibodies (CCP) or IgG-containing immune complexes (RF). The
presence of a higher afﬁnity activating receptor may enhance
immune complex binding, thereby stimulating proinﬂammatory
mediator release at lower concentrations. Indeed, FcγRIIIa has
been implicated as a major trigger for release of tumour necrosis
factor from human macrophages following the binding of small
immune complexes.22 Correspondingly, FCGR3A was signiﬁcantly associated with RA in the subgroup of patients positive
for either CCP or RF antibodies (OR 1.3, p=0.02) and with CCP
antibodies in the meta-analysis (OR 1.3, p=0.004), but not those
patients negative for each antibody. Further subgroup analyses
Table 2

revealed that RA subgroups with either RF or CCP autoantibodies demonstrated an additive/multiplicative joint effect between
both FCGR3A and HLA-DRB1 SE alleles, with no evidence of
statistical interaction. Much larger studies will be required to
identify sufﬁcient numbers of subjects with RA positive for a
single autoantibody to determine whether the primary association is downstream of RF or CCP autoantibodies, which may
ligate different FcγRs.
Segmental duplications and copy number variants are mechanistically linked.23 A recent report has indicated that both FCGR3A
and FCGR3B are subject to independent copy number variation.24
To date, there is no evidence that FCGR3A copy number is associated with RA per se. The impact of copy number variation on
FCGR3A allelic association has been shown to be slight in a Dutch

Figure 1 (A, B) Meta-analysis of susceptibility to rheumatoid arthritis
(RA) conferred by homozygosity for the FCGR3A-158 V allele compared
with all other genotypes. CCP, cyclic citrullinated peptide.

ORs for developing RA according to the presence or absence of homozygosity for the FCGR3A-158V and carriage of the HLA-DRB1 SE alleles
FCGR3A 158 genotype (HLA-DRB1 SE)

Cohort

N

FForFV(+SE)

FForFV(−SE)

VV(+SE)

VV(−SE)

Controls
Total RA
OR (95% CI)
p Value
RF+ RA
OR (95% CI)
p Value
RF− RA
OR (95% CI)
p Value
CCP+ RA
OR (95% CI)
p Value
CCP− RA
OR (95% CI)
p Value

1093
2363

454 (0.42)
1577 (0.67)
3.8 (3.6 to 4.5)
<0.0001
1203 (0.71)
5.2 (4.3 to 6.2)
<0.0001
292 (0.55)
2.0 (1.6 to 2.6)
<0.0001
655 (0.73)
6.0 (4.8 to 7.6)
<0.0001
152 (0.48)
1.4 (1.0 to 1.8)
0.02

532 (0.49)
484 (0.20)
1.0
–
272 (0.16)
1.0
–
169 (0.32)
1.0
–
127 (0.14)
1.0
–
130 (0.41)
1.0
–

49 (0.04)
226 (0.10)
5.1 (3.6 to 7.1)
<0.0001
175 (0.10)
7.0 (4.9 to 9.9)
<0.0001
37 (0.07)
2.4 (1.5 to 3.9)
0.0002
98 (0.11)
8.4 (5.7 to 12.4)
<0.0001
13 (0.04)
1.1 (0.5 to 2.1)
0.8

58 (0.05)
76 (0.03)
1.4 (1.0 to 2.1)
0.05
43 (0.03)
1.5 (1.0 to 2.2)
0.08
30 (0.06)
1.6 (1.0 to 2.7)
0.04
19 (0.02)
1.4 (0.8 to 2.4)
0.3
21 (0.07)
1.5 (0.8 to 2.6)
0.15

1693

528

899

316

p Value for departure
from multiplicity*

p Value for departure
from additivity†

0.7

0.4 (0.16)

0.8

0.3 (0.19)

0.3

0.7

1.0

0.2 (0.23)

0.1

0.2

*Departure from a multiplicative joint effect on risk was tested using logistic regression, comparing a model with and without the interaction term using the likelihood ratio test.
†Attributable proportion (AP) is not calculated where the estimated joint effect is less than additive.
CCP, cyclic citrullinated peptide; RA, rheumatoid arthritis; RF, rheumatoid factor.
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cohort,6 but the study was underpowered to exclude the association of FCGR3A copy number variation with disease.
It is likely that quantitative and qualitative analyses of all
low-afﬁnity FCGR genes used in a combined approach will ultimately be needed to fully elucidate the complex contribution of
FCGR genetic variation to the pathogenesis of RA. This study
highlights the inherent difﬁculties in studying genes contained
within segmental duplications and the fact that some genetic loci
cannot be adequately assayed using modern high-throughput
genotyping technologies. The study supports the ongoing investigation of the FCGR genetic locus in the pathogenesis of RA.
Future efforts directed towards obtaining clearly deﬁned patient
cohorts with longitudinal clinical data from disease onset will
ultimately determine whether this locus also contributes to disease severity and may serve as a prognostic marker.
Funding This work was supported by the Arthritis Research Campaign, UK and the
NIHR-Leeds Musculoskeletal Biomedical Research Unit.
Competing interests None.
Ethics approval This study was conducted with the approval of the Northern and
Yorkshire multicentre research ethics committee and all participants gave informed
consent.
Provenance peer review Not commissioned; externally peer reviewed.

REFERENCES
1. Gregersen PK, Behrens TW. Genetics of autoimmune diseases – disorders of
immune homeostasis. Nat Rev Genet 2006;7:917–28.
2. She X, Cheng Z, Zöllner S, et al. Mouse segmental duplication and copy number
variation. Nat Genet 2008;40:909–14.
3. Hughes AL. Gene duplication and recombination in the evolution of mammalian Fc
receptors. J Mol Evol 1996;43:4–10.
4. Koene HR, Kleijer M, Algra J, et al. Fc gammaRIIIa-158V/F polymorphism influences
the binding of IgG by natural killer cell Fc gammaRIIIa, independently of the Fc
gammaRIIIa-48L/R/H phenotype. Blood 1997;90:1109–14.
5. Alizadeh BZ, Valdigem G, Coenen MJ, et al. Association analysis of functional
variants of the FcgRIIa and FcgRIIIa genes with type 1 diabetes, celiac disease and
rheumatoid arthritis. Hum Mol Genet 2007;16:2552–9.
6. Thabet MM, Huizinga TW, Marques RB, et al. Contribution of Fcgamma receptor IIIA
gene 158V/F polymorphism and copy number variation to the risk of ACPA-positive
rheumatoid arthritis. Ann Rheum Dis 2009;68:1775–80.
7. Kastbom A, Ahmadi A, Söderkvist P, et al. The 158V polymorphism of Fc gamma
receptor type IIIA in early rheumatoid arthritis: increased susceptibility and severity in
male patients (the Swedish TIRA project). Rheumatology (Oxford) 2005;44:1294–8.

Ann Rheum Dis 2010;69:1054–1057. doi:10.1136/ard.2009.110874

8. Morgan AW, Griffiths B, Ponchel F, et al. Fcgamma receptor type IIIA is
associated with rheumatoid arthritis in two distinct ethnic groups. Arthritis Rheum
2000;43:2328–34.
9. Morgan AW, Keyte VH, Babbage SJ, et al. FcgammaRIIIA-158V and rheumatoid
arthritis: a confirmation study. Rheumatology (Oxford) 2003;42:528–33.
10. Morgan AW, Barrett JH, Griffiths B, et al. Analysis of Fcgamma receptor
haplotypes in rheumatoid arthritis: FCGR3A remains a major susceptibility gene
at this locus, with an additional contribution from FCGR3B. Arthritis Res Ther
2006;8:R5.
11. Brun JG, Madland TM, Vedeler CA. Immunoglobulin G fc-receptor (FcgammaR) IIA,
IIIA, and IIIB polymorphisms related to disease severity in rheumatoid arthritis.
J Rheumatol 2002;29:1135–40.
12. Nieto A, Cáliz R, Pascual M, et al. Involvement of Fcgamma receptor IIIA genotypes
in susceptibility to rheumatoid arthritis. Arthritis Rheum 2000;43:735–9.
13. Milicic A, Brown MA, Wordsworth BP. The FcγRIIIa 158F/V variant does not
predispose to RA. Rheumatology (Oxford) 2001;40(Suppl 1):15.
14. Milicic A, Misra R, Agrawal S, et al. The F158V polymorphism in FcgammaRIIIA
shows disparate associations with rheumatoid arthritis in two genetically distinct
populations. Ann Rheum Dis 2002;61:1021–3.
15. Kallberg H, Padyukov L, Plenge RM, et al. Gene-gene and gene-environment
interactions involving HLA-DRB1, PTPN22, and smoking in two subsets of rheumatoid
arthritis. Am J Hum Genet 2007;80:867–75.
16. Potter C, Hyrich KL, Tracey A, et al. Association of rheumatoid factor and anticyclic citrullinated peptide positivity, but not carriage of shared epitope or PTPN22
susceptibility variants, with anti-tumour necrosis factor response in rheumatoid
arthritis. Ann Rheum Dis 2009;68:69–74.
17. Arnett FC, Edworthy SM, Bloch DA, et al. The American Rheumatism Association
1987 revised criteria for the classification of rheumatoid arthritis. Arthritis Rheum
1988;31:315–24.
18. Mewar D, Coote A, Moore DJ, et al. Independent associations of anti-cyclic
citrullinated peptide antibodies and rheumatoid factor with radiographic severity of
rheumatoid arthritis. Arthritis Res Ther 2006;8:R128.
19. Catto AJ, Carter AM, Stickland M, et al. Plasminogen activator inhibitor-1 (PAI-1)
4G/5G promoter polymorphism and levels in subjects with cerebrovascular disease.
Thromb Haemost 1997;77:730–4.
20. Hosmer DW, Lemeshow S. Confidence interval estimation of interaction.
Epidemiology 1992;3:452–6.
21. Morgan AW, Thomson W, Martin SG, et al. Reevaluation of the interaction between
HLA-DRB1 shared epitope alleles, PTPN22, and smoking in determining susceptibility
to autoantibody-positive and autoantibody-negative rheumatoid arthritis in a large UK
Caucasian population. Arthritis Rheum 2009;60:2565–76.
22. Abrahams VM, Cambridge G, Lydyard PM, et al. Induction of tumor necrosis factor
alpha production by adhered human monocytes: a key role for Fcgamma receptor type
IIIa in rheumatoid arthritis. Arthritis Rheum 2000;43:608–16.
23. Kim PM, Lam HY, Urban AE, et al. Analysis of copy number variants and segmental
duplications in the human genome: evidence for a change in the process of formation
in recent evolutionary history. Genome Res 2008;18:1865–74.
24. Hollox EJ, Detering JC, Dehnugara T. An integrated approach for measuring copy
number variation at the FCGR3 (CD16) locus. Hum Mutat 2009;30:477–84.

1057

