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Abstract
Background & objectives
Interleukin-1 receptor antagonist (IL-1Ra) is a natural anti-inflammatory molecule that blocks the action of IL-1
signaling. A variable-number tandem repeat polymorphism (VNTR) in IL-1Ra gene (IL-1RN) intron 2 has been reported
to be associated with rheumatoid arthritis (RA), with inconsistent results. Here, we perform a meta-analysis to assess the
common effect size of this polymorphism on RA susceptibility.

Methods
Case-control studies on IL-1RN VNTR association with RA were searched up to January 2010. The effect summary odds
ratio (OR) and 95% confidence intervals was obtained by meta- analysis.

Results
A total of 15 studies involving in IL-1RN VNTR with RA susceptibility were included in this meta-analysis. No
association between A2/A2 genotype and risk of RA to other genotypes (odds ratio [OR], 0.96; 95% CI =0.75-1.24,
p=0.77), and between A2 allele and risk of RA (OR, 0.98; 95% CI=0.83-1.16, p=0.85), were demonstrated in the total
meta-analysis. In both Asian and European subgroups, the overall effect of A2/A2 genotype and A2 allele also showed no
significant difference.

Conclusion
This meta-analysis demonstrates that the IL-1RN VNTR polymorphism is not related to susceptibility to RA.
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Introduction

Rheumatoid arthritis (RA) is a system-
ic autoimmune disease, characterised
by chronic inflammation of multiple
joints and synovial inflammation, lead-
ing to the destruction and disability of
joints (1). It has been evidenced that
interlukin-1 (IL-1), a key mediator of
inflammation and tissue destruction in
RA, plays a central role in RA patho-
genesis. The interleukin-1 receptor an-
tagonist (IL-1Ra) is a member of the
IL-1 family that binds to IL-1 recep-
tors without inducing any intracellular
signal transduction (2). Therefore, it
acts as a competitive inhibitor of IL-1
bioactivity in inflammatory disorders.
In several experimental models of ar-
thritis, exogenous administration of IL-
1Ra or increasing local IL-1Ra level in
the synovium by gene delivery, could
inhibit or prevent the severity or recur-
rence of arthritis (3-6). Furthermore,
IL-1Ra knockout mice spontaneously
develop inflammatory arthritis similar
to human RA (7). Consistent with these
observations, anakinra, a recombinant
IL-1Ra, provides clinical benefits in
patients with RA (8, 9). These findings
suggest IL-Ra is a strong candidate
gene of RA.

A variable numbers of an 86-bp tandem
repeat (VNTR) polymorphism in human
IL-1Ra gene (IL-1RN) intron 2 has been
found to be functionally associated with
IL-1Ra expression in several studies
(10-12). The potential contribution of
this polymorphism to RA susceptibility
was also examined in several studies;
however, the results were totally incon-
sistent (13-27). In Spanish and Chinese
population, the two-repeat allele (IL-
1RN*2) was reported to be associated
with a significantly increased risk of
RA (20, 25). However, these results
could not be reasserted in the same pop-
ulation by other authors (16, 18, 27). In
contrast to these studies, a protective ef-
fect of this allele in the pathogenesis of
RA has also been implicated in Korean
population (19). Furthermore, the dis-
tribution of IL-1RN*3, not IL-1RN*2
was higher in RA patients than that of
the normal control in Swedes and Ital-
ians (17, 23).

A meta-analysis can summarise the re-
sults from different studies by produc-

655

ing a single estimate of the major effect
with enhanced precision (28). Here, we
performed a meta-analysis to study the
association of IL-1RN VNTR and RA,
and found there was no association of
this polymorphism and RA.

Materials and methods

Identification of eligible studies

We performed an exhaustive search on
studies that examined the association of
the IL-1 RN VNTR polymorphism with
RA. These studies were identified by
extensive computer-based searches of
the PubMed database, and the Cochrane
library up to January 2010. References
in the Medline-cited studies were re-
viewed to identify additional reports
not indexed by Medline. “Interleukin-1
receptor antagonist”, “IL-1 RN” “poly-
morphism”, “rheumatoid arthritis” and
“RA” were entered as both medical
subject heading (MeSH) terms and text
words. No restriction was placed on
language, race, ethnicity or geographic
area. Only data from full-published
papers has been included in this meta-
analysis.

Studies included in this meta analysis
fulfilled the following requirements:
1) the diagnosis of RA was estab-
lished using the American College of
Rheumatology classification criteria
for rheumatoid arthritis; 2) it should
be case-control design; 3) it should be
published in peer-reviewed journals as
full papers, not an abstract or similar,
up to January 2010; 4) it should be
an original data (independent among
studies) and should provide enough
information to calculate the odds ratio
(OR). We excluded the following: 1)
studies that were not case-control ap-
proach, 2) studies in which the number
of null and wild genotypes could not
be ascertained, and 3) studies in which
family members had been studied be-
cause their analysis is based on linkage
considerations (the selecting process is
shown in Supplemental Fig. 1).

Data extraction

Two investigators extracted standard
information from independently ab-
stracted data. For each study, the fol-
lowing information was extracted: first
author, journal, year of publication,
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Supplemental Fig. 1. The literature review process of the meta-analysis.
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racial descent of study population, de-
mographics, matching, validity of the
genotyping method, and the number
of cases and controls for each IL-1RN
genotype. The frequencies of the al-
leles were calculated for the respective
study by the allele-counting method.

Evaluation of publication bias

To assess publication bias, we evaluat-
ed study quality by using a funnel plot.
We constructed a funnel plot of effect
size against its SE. The funnel plot
should be asymmetric when there is
publication bias and symmetric in the
case of no publication bias. Because
the funnel plot approach is limited by
the requirement for a range of studies
with varying size, we used Egger’s lin-
ear regression test. Egger’s test mea-
sures the funnel plot asymmetry on the
natural logarithm scale of OR.

Statistical analysis

A chi-square test was used to deter-
mine whether observed frequencies of
genotypes conformed to Hardy-Wein-
berg expectations (HWE). We used the
Review Manager 4.2 software (The
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Table I. Characteristics of individual studies included in the meta-analysis.

Author/year Population Patients/ Detailed characteristics of RA patients Author’s conclusions
Author’s conclusion Control
no. Mean Female/ Disease RF
age (y) Male duration (y)  positive
Perrier S/1998 French 43/100 ND ND ND ND NS
Cantagrel A/1999 French 108/125 ND ND ND ND NS
Crilly A/2000 Briton 100/64 ND 80.0% ND ND NS
Huang CM/2001 Chinese 104/103 ND ND ND ND NS
Cvetkovic JT /2002 Swede 154/202  640+£203 72.7% 155+9.7 94.1% Allele A3 showed an increased frequency
in patients
Martinez A/2003 Spanish 229/371 ND ND ND ND NS
Lee YH/2004 Korean 138/127 45 (16-75) 82.6% ND ND A protective role of IL-1RN*2 in the
pathogenesis of RA.
Carreira PE/2005 Spanish 441/287 ND ND ND ND IL1RN*2 has a role in determining
susceptibility to RA
Arman A/2006 Turks 94/104 49 80.8% 8.8 (2-31) 65% NS
Grover S/2006 Indian 107/111 45 (23-71)  86.9% 36.7 (17-58) 75% NS
Tolssue B/2006 Italian 126/178 565+ 14.1 913% 11.6+8.7 64.8% IL-RN*3 was associated with RA
Havemose-Poulsen A /2007 Dane 23/25 30040 95.6% ND ND NS
You CG/2007 Chinese 240/227 330120 69.6% ND ND ILIRN*2 has a role in determining
susceptibility to RA in female group
Lubbe S/2008 South African 138/98 50.7 114 87.9% 10.1 £7.2 90.4% NS
Alvarez-Rodriguez L/2009  Spanish 156/437 ND 68.2% ND 59.7% NS
ND: no data; NS: no significance.
Table II. The detail data of individual study involved in this meta-analysis.
Author/year (Ref) Race Genotype of control Genotype of RA Allele of control Allele of RA
A2/A2  Other total A2/A2 Other total A2 other A2 Other
Perrier S/1998 (13) French ND ND 100 ND ND 43 54 146 22 64
Cantagrel A/1999 (14) French 9 116 125 6 102 108 57 193 56 160
Crilly A/2000 (15) Briton 8 56 64 8 92 100 21 107 18 182
Huang CM/2001 (16) Chinese 1 102 103 0 104 104 8 198 10 198
Cvetkovic JT /2002 (17) Swede 18 184 202 16 138 154 79 325 55 253
Martinez A/2003 (18) Spanish 23 348 371 15 214 229 189 553 124 334
Lee YH/2004 (19) Korean 0 127 127 0 138 138 18 236 7 269
Carreira PE/2005 (20) Spanish 18 269 287 48 393 441 120 454 245 637
Arman A/2006 (21) Turk 8 96 104 8 86 94 43 165 40 148
Grover S /2006 (22) Indian 11 100 111 5 102 107 36 186 32 182
Tolusso B/2006 (23) Italian 17 161 178 6 120 126 100 256 57 195
Havemose-Poulsen A /2007 (24) Dane 2 23 25 2 21 23 15 35 10 36
You CG/2007 (25) Chinese 3 224 227 6 234 240 45 409 72 408
Lubbe S/2008 (26) South African 0 98 98 1 137 138 14 182 21 255
Alvarez-Rodriguez L/2009 (27) Spanish 46 391 437 10 146 156 266 608 21 255
ND: no data.
Cohrone, England) for meta-analy- Results cated data, because the same group of

sis. First, the within and the between-
study variation or heterogeneity was
examined by Cochran’s Q-test. This
heterogeneity test assessed the null hy-
pothesis that all studies were evaluat-
ing the same effect. If the significant
Q-statistic (p<0.05) indicated hetero-
geneity across studies, the overall or
pooled OR was obtained by DerSimo-
nian and Laird method in the random
effect model, Otherwise, the Mantel-
Haenszel method in the fixed effect
model was selected.

Studies included in the

meta-analysis

Initially, a total of 18 relevant studies
addressing the relationship of IL-RN
polymorphism and susceptibility to
RA were initially identified through
an electronic database search and ref-
erence review. Two studies were ex-
cluded from the meta-analysis, because
one study was not case-control design
(29) and another was published as a
letter (30). Furthermore, one study was
excluded to avoid inclusion of dupli-
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authors published the two studies at a
very close period, with a similar num-
ber of patients and controls (25, 31).
Therefore, a total of 15 studies were
recruited in this meta-analysis. These
15 studies include 9 European, 5 Asian
and 1 Latin American subject collec-
tions, with a total number of 2201 RA
patients and 2559 controls, as sum-
marised in Table I and Table II. Among
the RA group, the frequency of A2/A2
genotype and A2 allele was 6.07% and
19.3%, respectively, whereas it was



VNTR polymorphism and RA: a meta-analysis / J. Xue et al.

0.0 SE(log OR)

0.1 0.2 0.5 1

2 5 10
OR (fixed)

Fig. 2. Funnel plot analysis of all studies on IL-1RN VNTR and the development of RA. The results
showed that all studies were evenly distributed within an inverse funnel shape around the total line (as

indicated by the 95% CI lines).

6.67% and 20.8% in control group,
without significant difference.

The finding of these 15 studies is con-
troversial. Even in the same population
of Spanish (18, 20, 27) and Chinese
(16, 25), different studies produced
different results. Among the 5 studies
that reported a significant association
of IL-1 RN VNTR with RA, 3 studies
found that the A2 allele had a role in
determining susceptibility to RA (19,
20,25), whereas other 2 studies demon-
strated the association of the A3 allele
with RA (17, 23).

Study quality

The distribution of the genotype of
the IL-IRN VNTR polymorphism in
control groups was consistent with the
HWE. One study had limitation with re-
spect to the number of both RA patients
and control (24). However, excluding

the study did not materially affect the
overall results (data not shown). There
was no evidence of publication bias in
this meta-analysis (Egger’s regression
test p-values >0.1). (The funnel plot is
shown in Fig. 2)

The allele frequency of IL-1IRN VNTR
was extracted from all 15 studies (13-
27). However, the genotype frequency
was available from only 13 studies (14-
18, 20-27). One study did not provide
the genotype data (13), and in another
study performed in Korean population
by Lee et al. there was no A2/A2 geno-
type reported (19).

Evaluation of IL-1 RN VNTR

polymorphism and association with RA
No significant association was found
between the RA susceptibility and the
A2/A2 genotype or the A2 allele in all
studies (Table III, Fig. 1). The fixed

effects odds ratio (OR) estimated for
the risk of developing RA was 0.96 in
A2/A2 homozygous patients compared
with other genotypes combined (95%
CI 0.75-1.24), without between-study
heterogeneity (p=0.77). Meanwhile, the
random effect OR estimated for the risk
of developing RA was 0.98 in A2 allele
patients compared with patients carry-
ing other alleles (95% CI 0.83-1.16),
with evidence of between-study hetero-
geneity (p=0.01; Table III, Fig. 1).

To evaluate the race-specific effect, we
divided the population by ethnicity.
There was no considerable heterogene-
ity across the Asian studies (p=0.35).
The overall OR for the A2/A2 genotype
in Asians was 0.85 (95% CI 0.46-1.59,
p=0.62; Table II). The overall OR for
the A2 allele also showed the similar
magnitude (OR 0.99, 95% CI 0.64—
1.53), without statistical significance
(p=0.96; Table III).

In European studies, the random effects
OR estimated for the risk of developing
RA was 0.98 in A2/A2 homozygous
patients compared with other geno-
types combined (95% CI 0.75-1.29),
without between-study heterogeneity
(p=0.17). Meanwhile, the random ef-
fect OR estimated for the risk of devel-
oping RA was 0.96 in A2 allele patients
compared with patients carrying other
alleles (95% CI 0.79-1.17), with evi-
dence of between-study heterogeneity
(p=0.02; Table III).

Discussion

IL-1Ra modulates the biological ac-
tivity of the proinflammatory cytokine
IL-1 and plays an essential role in the
pathophysiology of inflammatory pro-
cess such as RA. However, there are
contradictory data regarding the asso-
ciation between IL-1RN and RA risk.

Table. ITI. The meta-analysis of IL-RN VNTR polymorphism and the development of RA.

Polymorphic sites  Ethnic group no. of Sample Size Model Test of association
studies
RA Control Z p-value OR 95% CI
A2/A2 genotype  All studies 13 2020 2332 Fixed 0.30 0.30 0.96 (0.75-1.24)
Asian 4 545 545 Fixed 0.50 0.35 0.85 (0.46-1.59)
European 8 1337 1689 Fixed 0.15 0.17 0.98 (0.75-1.29)
A2 Allele All studies 15 4402 5118 Random 0.23 0.01 0.98 (0.83-1.16)
Asian 5 1366 1344 Random 0.04 0.03 0.99 (0.64-1.53)
European 9 2760 3578 Random 0.38 0.02 0.96 (0.79-1.17)
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This discrepancy among these differ-
ent studies is not surprising. There are
reasons for the contradictory results:
small genetic effects, limited number
involved, disease or population hetero-
geneity, as well as the extent and degree
of linkage disequilibrium between the
marker tested and the causal variants,
etc. (28). This is also the reason why we
performed the meta-analysis to confirm
the relationship of IL-1RN and RA. Our
meta-analysis concludes that there is no
association between this polymorphism
and RA, both in the overall population
samples and ethnicity-divided studies
(Fig. 1 and Table III).

The detailed reasons why there is no
association of IL-IRN VNTR with RA
are unknown. One possible explana-
tion could be linkage disequilibrium of
VNTR with some other more relevant,
but as-yet unidentified, allele or alleles
of genes within the IL-1 cluster (32).
The direct evidence was several genetic
studies performed in multiplex RA fam-
ilies, which found the linkage of genes
in the IL-1 region with the disease (33,
34). In fact, increasing evidences sug-
gest the non-causal role of IL-1RN
VNTR in RArisk. First, in respect to the
gene structure, IL-1Ra gene is located
in chromosome 2, in close linkage with
the IL-1 gene within a 430KB region
(35). Second, several functional SNPs
were identified in IL-Ra gene recently.
One SNP, rs4251961, has been reported
in weak linkage disequilibrium with
VNTR polymorphism and strongly as-
sociated with IL-1Ra levels (36). This
SNP might be potential candidate poly-
morphism and allow the investigation
of the causal direction of associations
between IL-1RN and RA risk. Third,
though IL-RN VNTR was previously
considered a functional mutation, the
studies concerning the association of
IL-RN VNTR and IL-Ra protein levels
are also totally discrepant. Early studies
demonstrated increased secretion of IL-
1Ra protein from mononuclear cells of
IL-1RN*2 carriers (10-12), whereas lat-
er studies produced reverse results (23,
37-39). These evidences implicated that
there was a functional polymorphism at
the IL-1 cluster that might be linked to
IL-1RN*2, resulting in the generation
of a proinflammatory environment.

Insufficient sample size, both for RA
patients and control groups in these
original studies involved in our meta-
analysis, might be another possible
reason for negative results, which also
might underpowered our analysis. Of
all 15 studies included in the meta-
analysis, only five studies recruited
more than 200 RA patients or controls.
The average number of RA patients
and controls in each study is just 146
and 171, respectively.

Due to the data limitations, additional
analyses can not be performed in dif-
ferent clinical subgroups, such as the
response to immunotherapy. Recently,
several studies indicated that patients
carrying IL-1RN A2 allele were resis-
tant to methotrexate (23) or anti-TNF
treatment (29). This has two important
clinical implications. First, with respect
to pharmacogenomics, polymorphisms
may influence the balance of pro- and
anti-inflammatory cytokines that trig-
ger the course of RA. Second, form
the perspective of clinical therapeutics,
if multiple-center studies with larger
patient groups can define the issue,
patients who carry IL-1a A2 allele can
avoid the cost and side-effect of unrea-
sonable immunotherapy.

Conclusion

This meta-analysis concludes that IL-
IRN VNTR is not associated with
the RA risk. However, there is clearly
a need to confirm our data in a larger
RA cohort or in a family-based study.
Future study should also focus on the
relationship of this polymorphism and
the response of immunotherapy, to ver-
ify their eventual practical usefulness
in clinical practice.
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