
1Löfgren, et al: IRF5 functional polymorphisms

Promoter Insertion/Deletion in the IRF5 Gene Is
Highly Associated with Susceptibility to Systemic
Lupus Erythematosus in Distinct Populations, But
Exerts a Modest Effect on Gene Expression in
Peripheral Blood Mononuclear Cells
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ABSTRACT. Objective. We examined the genetic association of the promoter insertion/deletion (indel) in IRF5
gene with systemic lupus erythematosus (SLE) in distinct populations and assessed its role in gene
expression.
Methods. Four IRF5 polymorphisms were genotyped in 1488 SLE patients and 1466 controls. Gene
expression was analyzed by quantitative real-time PCR using RNA from peripheral blood mononu-
clear cells (PBMC).
Results. The promoter indel and rs2070197 had independent genetic effects, which accounted for the
association of rs2004640 and rs10954213. Gene expression analysis revealed that rs10954213 exert-
ed the greatest influence on IRF5 transcript levels.
Conclusion. We corroborated the association of the promoter indel with SLE in 5 different popula-
tions and revealed that rs10954213 is the main single-nucleotide polymorphism responsible for
altered IRF5 expression in PBMC. (J Rheumatol First Release Jan 15 2010; doi:10.3899/
jrheum.090440)
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The type I interferon pathway bridges the innate and adap-
tive immune responses and appears to play an important
role in the etiology of autoimmune diseases. Interferon
regulatory factor 5 (IRF5), one of the genes of the inter-
feron pathway, is strongly associated with many autoim-
mune diseases, including systemic lupus erythematosus
(SLE)1,2, rheumatoid arthritis (RA)3, Sjögren’s syndrome4,
inflammatory bowel disease5, and multiple sclerosis
(MS)6. Several functional polymorphisms have been
described for the gene, including the single-nucleotide
polymorphism (SNP) rs10954213 altering poly(A) signal,
exon 6 in-frame insertion/deletion, rs2004640 creating a
splicing site, and the most recently identified promoter
CGGGG insertion/deletion (indel) strengthening the bind-
ing site for the Sp1 transcription factor7-10. All the risk
alleles of these polymorphisms segregate in a strongly
associated haplotype tagged by the C allele of the SNP
rs20701978,10.

The aims of our study were to replicate the genetic asso-
ciation of the promoter indel with SLE in a larger set of sev-
eral independent populations; and to assess the relative con-
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tribution of the promoter indel and rs10954213 on gene
expression in peripheral blood mononuclear cells (PBMC).

MATERIALS AND METHODS
Patients and controls. The total study sample comprised 1488 patients with
SLE and 1466 healthy controls, including 241 cases and 249 controls from
Argentina, 178 cases and 265 controls from Mexico, 596 cases and 520
controls from Spain, 263 cases and 247 controls from Italy, and 210 cases
and 185 controls from Germany. All patients fulfilled the American College
of Rheumatology classification criteria for SLE11,12.
Genotyping. The SNP rs2004640, rs2070197, and rs10954213 were geno-
typed by TaqMan® SNP allelic discrimination assays (ABI, Foster City,
CA, USA). The promoter indel was amplified by polymerase chain reaction
(PCR) and analyzed with the ABI Prism 3730×l DNA Analyzer and Gene
Mapper software.
Statistical analysis. Genetic association tests and conditional analyses were
performed using Unphased version 3.0.1313. Pairwise linkage disequilibri-
um estimates were calculated with Haploview version 4.114. For expression
analysis, statistical calculations were performed using an unpaired 2-tailed
t-test as implemented in the GraphPad Software.
Expression analysis. Total RNA was purified from PBMC obtained from
164 healthy Swedish donors and reverse-transcribed as described15. IRF5
expression was determined by quantitative real-time PCR using the for-
ward 5’-GGA GCA TTT TCT CAA TGA GCT CAT C-3’ and reverse 5’-
CTG CTA CAG GCA CCA CCT GTA CAG T-3’ primers and SYBR Green
for signal detection. We performed initial denaturation at 95°C for 5 min
followed by 45 cycles of PCR (95°C for 15 s, 62°C for 10 s, and 72°C for
15 s). PCR buffer was supplemented with 3 mM MgCl2, 200 µM of each
of dNTP, primers, SYBR Green, cDNA, and 0.5 U of Platinum Taq poly-
merase. Expression levels were normalized to the levels of TBP using the
comparative 2–∆∆Ct method16. All experiments were run in triplicate.
Independent cDNA synthesis was carried out twice.

RESULTS
The genetic analysis revealed a strong association for the
insertion allele of the promoter indel in the combined sam-
ples (OR 1.60, 95% CI 1.44–1.80, p = 1.5810–19; Table 1).
An even stronger association was observed with rs2070197
(OR 2.11, 95% CI 1.81–2.45, p = 2.24 × 10–23), a SNP with
unknown function except being reported as a tag of the risk
haplotype in previous studies8,10. In order to determine if
these 2 markers could account for all the IRF5 association,
we performed association tests conditioning on the promot-
er indel and rs2070197. The results indicated that the indel
and rs2070197 had independent effects and no other mark-
ers remained associated after conditioning on both of them
together (Table 1). Interestingly, the effect size of rs2004640
and rs10954213 as well as their conditional association var-
ied across populations. They were independent of the pro-
moter indel in all populations except Argentina and Spain,
which can be explained by the higher linkage disequilibrium
(r2) observed between these 2 SNP and the indel in these
populations (Table 1). The haplotype formed by the risk
alleles of the 4 polymorphisms (iTCA) displayed a very
strong association with SLE (OR 2.72, 95% CI 2.19–3.32, p
= 3.17 × 10–25; Table 2).

Next, we measured IRF5 gene expression in PBMC. The
experiment was performed using healthy volunteers to

exclude influence of treatments and/or disease activity on
gene expression pattern. The presence of the insertion
enhanced IRF5 expression, although to a lesser extent than
the risk allele of rs10954213 (Figure 1). When conditioned
on rs10954213, the effect of indel became even less pro-
nounced and lost significance (1.3-fold difference between
the opposite genotypes; p = 0.3766). While conditioning on
the deletion (there were no individuals with insertion/GG),
rs10954213 remained strongly associated with the transcript
levels (p = 0.0089). Nevertheless, both associated variations
exerted an additive effect on gene expression. SNP
rs2070197 did not affect the IRF5 transcript levels (data not
shown).

DISCUSSION
The importance of IRF5 gene for the development of many
autoimmune diseases is now very much appreciated, and
genetic associations have been replicated in many popula-
tions. In our study, we demonstrated that the promoter indel
and rs2070197 have strong independent genetic association
with SLE, which seems to account for the association of
rs2004640 and rs10954213. But as the eventual aim of any
genetic study is to provide an explanation of how associated
genetic variants affect gene function, we determined the
influence of the promoter indel on gene regulation in com-
parison with the effect of another functional SNP,
rs10954213.

Among many associated variants in the IRF5 gene, 3 are
known to have potential functions: promoter indel, exon 6
indel, and 3’UTR poly(A). SNP rs2004640, giving rise to
the alternative transcript, seems to play a small role as it
encodes essentially the same protein isoform as the tran-
scripts with exon 1A. In addition, the level of this transcript
is negligible and does not alter the overall amount of the
IRF5 protein10. The exon 6 indel may affect the function of
the PEST domain of the protein, but apparently does not
play any role in regulating gene expression. Moreover, exon
6 indel has not been shown to be independently associated
with SLE8-10. The insertion risk allele has also been found
in the protective haplotype in both Europeans and Mexicans,
suggesting that its effect on SLE disease might be small17. It
was shown independently that only rs10954213 and the pro-
moter indel might affect the levels of the IRF5 gene
expression8,9.

It was previously shown in a minigene model that inser-
tion of CGGGG in the proximal promoter of the IRF5 gene
increased transcription of the reporter gene9. We measured
IRF5 gene expression in PBMC. Surprisingly, the indel
showed only a modest, nonsignificant effect, while the
poly(A) SNP altered gene expression significantly. Such a
minor effect of the indel on gene expression in our investi-
gation compared to the minigene experiments of
Sigurdsson, et al9 could be accounted for by a more com-
plex architecture of the promoter region in leukocytes com-
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pared to the promoter, in the context of plasmid DNA trans-
fected into unrelated cells, such as the HEK293T used in the
minigene experiment9. Our results suggest, however, that

both associated variations exert an additive effect on gene
expression. SNP rs2070197 located in the 3’UTR and show-
ing an independent genetic effect did not alter the transcript
levels and thus its function at present remains unclear.

Our study replicated the association of the promoter indel
with SLE in Argentinians, Mexicans, Spaniards, Italians,
and Germans, and revealed its relative effect on gene
expression in PBMC in comparison to the poly(A) SNP
rs10954213.
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Table 1. Genetic association and conditional analysis of IRF5 polymorphisms with systemic lupus erythematosus.

Marker Risk Allele OR (95% CI) Single p for Conditional Analysis LD (r2) with
Frequencies* Marker p Promoter Indel

Cases Controls CGGGG Indel rs2070197 CGGGG Indel +
rs2070197

Mexico
CGGGG indel 0.559 0.360 2.25 (1.70–3.00) 6.79 × 10-9 — 0.021 — —
rs2004640 0.632 0.423 2.35 (1.75–3.15) 8.72 × 10-9 0.017 0.146 0.670 41
rs2070197 0.427 0.187 3.24 (2.32–4.51) 7.79 × 10-13 1.09 × 10-6 — — 22
rs10954213 0.693 0.516 2.12 (1.57–2.86) 7.70 × 10-7 0.027 0.132 0.312 30

Argentina
CGGGG indel 0.469 0.376 1.47 (1.14–1.89) 0.003 — 0.298 — —
rs2004640 0.546 0.440 1.53 (1.21–1.94) 3.56 × 10-4 0.132 0.076 0.463 67
rs2070197 0.182 0.094 2.15 (1.51–3.05) 1.20 × 10-5 0.001 — — 15
rs10954213 0.584 0.524 1.27 (1.01–1.61) 0.042 0.769 0.538 0.541 50

Spain
CGGGG indel 0.597 0.502 1.47 (1.24–1.73) 7.15 × 10-6 — 0.043 — —
rs2004640 0.636 0.546 1.45 (1.22–1.74) 4.37 × 10-5 0.052 0.002 0.051 58
rs2070197 0.159 0.099 1.70 (1.30–2.21) 8.30 × 10-5 0.029 — — 10
rs10954213 0.705 0.662 1.22 (1.00–1.51) 0.055 0.556 0.073 0.510 32

Italy
CGGGG indel 0.532 0.425 1.54 (1.20–1.97) 6.10 × 10-4 — 4.82 × 10-4 — —
rs2004640 0.588 0.521 1.31 (1.01–1.70) 0.042 1.2 × 10-5 0.345 0.003 34
rs2070197 0.152 0.071 2.33 (1.52–3.58) 6.00 × 10-5 4.01 × 10-5 — — 6
rs10954213 0.654 0.593 1.30 (1.00–1.69) 0.053 1.58 × 10-4 0.320 0.007 26

Germany
CGGGG indel 0.533 0.435 1.45 (1.10–1.92) 0.004 — 0.248 —
rs2004640 0.593 0.508 1.41 (1.04–1.58) 0.007 0.016 0.080 3.20 × 10-4 17
rs2070197 0.165 0.090 1.89 (1.20–2.92) 3.09 × 10-4 1.0 × 10-4 — — 4
rs10954213 0.678 0.601 1.39 (0.99–1.75) 0.011 1.33 × 10-3 0.125 8.02 × 10-6 12

Combined samples
CGGGG indel 0.551 0.434 1.60 (1.44–1.80) 1.58 × 10-19 — 5.00 × 10-7 — —
rs2004640 0.604 0.497 1.54 (1.39–1.71) 2.38 × 10-16 5.83 × 10-5 1.46 × 10-7 0.045 47
rs2070197 0.194 0.104 2.11 (1.81–2.45) 2.24 × 10-23 3.39 × 10-15 — — 9
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* Risk alleles are insertion for promoter indel, T for rs2004640, C for rs2070197, A for rs10954213. Indel: insertion/deletion.

Table 2. Genetic association of IRF5 haplotypes with SLE in the combined
samples.

Haplotype* Frequency OR (95% CI) p
Cases Controls

dGTG 0.27 0.31 1 1.74 × 10-5

dGTA 0.09 0.12 0.87 (0.67–1.06) 4.75 × 10-5

dTCA 0.03 0.02 1.72 (1.07–2.66) 0.09
dTTA 0.04 0.07 0.60 (0.43–0.82) 5.03 × 10-6

dTTG 0.04 0.03 1.41 (0.95–2.02) 0.60
iGTA 0.01 0.02 1.06 (0.57–1.79) 0.33
iGTG 0.02 0.04 0.63 (0.40–0.94) 0.002
iTCA 0.19 0.08 2.72 (2.19–3.32) 3.17 × 10-25

iTTA 0.31 0.28 1.35 (1.14–1.57) 0.04
iTTG 0.008 0.01 0.76 (0.34–1.62) 0.32

* Order of the polymorphisms: promoter indel (D/I), rs2004640 (G/T),
rs2070197 (T/C), and rs10954213 (A/G). D: deletion, I: insertion.
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Figure 1. Relative mRNA expression levels of IRF5 in peripheral blood cells. Fold-difference in expres-
sion between the opposite homozygous genotypes is shown on the right side of each graph. Data repre-
sent mean values of the corresponding number of individuals shown beneath each graph with standard
deviation error bars. Samples stratified by the SNP: (A) rs10954213; (B) promoter indel; (C) rs10954213
conditioned on the promoter deletion; (D) promoter indel conditioned on A allele of rs10954213; (E)
expression levels for the groups homozygous for both associated alleles (insertion and A-rs10954213)
versus both protective alleles (deletion and G-rs10954213).
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