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Abstract
In the paper by Dieguez-Gonzalez and colleagues in the present
issue of Arthritis Research & Therapy, the results of a detailed
genetic investigation of the recently identified rheumatoid arthritis
and systemic lupus erythematosus susceptibility region at 6q23
containing the TNFAIP3 gene are reported. Their data confirm the
complex nature of the association involving both the TNFAIP3
locus and a region >150 kb upstream that does not encode any
known gene. These data are consistent with recent studies of
systemic lupus erythematosus susceptibility confirming the
presence of several independent genetic contributions to auto-
immune rheumatic diseases arising from 6q23.

In the present issue of Arthritis Research & Therapy,
Dieguez-Gonzalez and colleagues report the results of a large
case–control genetic study of the 6q23 region that contains
the TNFAIP3 gene [1]. Their study reveals a complex asso-
ciation involving interactions between the TNFAIP3 locus and
an intergenic region >150 kb upstream.

The upstream region was initially implicated in rheumatoid
arthritis (RA) susceptibility in the Wellcome Trust Case
Control Consortium study [2], and was subsequently
replicated in large European and American populations [3,4].
The biological explanation was not clear as the associated
SNPs (rs6920220 and rs10499194) are located in a 60 kb
linkage disequilibrium block not encoding any known genes
or transcripts other than a pseudogene of PTPN11. The
region is flanked by the OLIG3 and TNFAIP3 loci. The former
encodes a protein involved in neuronal development and
does not seem to be a plausible susceptibility gene for RA;
however, the TNFAIP3 gene encodes a potent inhibitor of
NF-κB signalling, resulting in downregulation of production of
proinflammatory cytokines including TNF, IL-1 and IL-6, and
mice with targeted deletion of TNFAIP3 develop cachexia

widespread organ inflammation, including a destructive
arthritis [5]. Additional loci encoding immune relevant
proteins (IL22RA and IFNGR1) are also located within 1 Mb.

Recent genetic studies of 6q23 in systemic lupus erythe-
matosus (SLE) have revealed a more complex pattern of
associations than was initially reported for RA. A genome
scan reported three independent associations arising from
the upstream region (rs6920220) and two signals near the
TNFAIP3 gene including a missense polymorphism in exon 3
(rs2230926), resulting in a phenylalanine to cysteine switch
at amino acid 127 of TNFAIP3 [6]. These findings have been
replicated in a case–control study that typed 129 SNPs
spanning TNFAIP3; furthermore, examination of the functional
effects of the lupus-associated Cys127 variant revealed
reduced effectiveness at inhibiting TNF-induced NF-κB
activity, suggesting a biological mechanism of association [7].

The study by Dieguez-Gonzalez and colleagues involved the
use of haplotype tagging SNPs centred on two regions
identified in the SLE studies. Surprisingly, only modest
associations with RA were detected at both the TNFAIP3
and intergenic regions. This is a common finding in replication
studies reflecting winner curse. On further analysis, however,
strong evidence of interaction (epistasis) between the two
regions with RA susceptibility was detected.

We can therefore conclude that the 6q23 region contains at
least two RA susceptibility effects and perhaps three effects
for SLE. The biological mechanism for the associations of the
intergenic region is unclear since it is only known to contain
the pseudogene for PTPN11. Intriguingly, however, the
parent PTPN11 gene – located at 12q24.13 – lies within a
region associated with susceptibility to RA, type 1 diabetes
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and inflammatory bowel disease [2]. Approximately 20% of
pseudogenes are transcribed, and some generate siRNAs
that target homologous genes [8]. Sequence variability in the
sequence of the pseudogene could potentially affect expres-
sion of PTPN11, leading to autoimmune disease. Determining
whether the pseudogene is transcribed and whether
sequence variants of the transcript are present on disease-
associated haplotypes will therefore be required as initial
steps in determining its potential role in modulating PTPN11
expression. An alternative explanation is that a polymorphism
within an enhancer sequence in the intergenic region may
alter TNFAIP3 expression. The most plausible disease
susceptibility variant identified so far is rs2230926, with
experimental evidence that the SLE-associated variant is less
biologically active [6].

The identification of the primary disease-related variants at
6q23 is likely to initially involve high-throughput DNA
sequencing in a large number of patients and controls to
more fully characterise the genetic structure of the region.
This will be followed by well-powered genetic studies in both
RA and SLE that will hopefully lead to the identification of the
primary disease-related variants, some of which may arise
from low-frequency alleles. Complementary functional studies
should lead to a full understanding of the biological basis of
the genetic associations of this region with autoimmune
rheumatic diseases.

Competing interests
The authors declare that they have no competing interests.

References
1. Dieguez-Gonzalez R, Calaza M, Perez-Pampin E, Balsa A, Blanco

FJ, Cañete JD, Caliz R, Carreño L, de la Serna AR, Fernandez-
Gutierrez B, Ortiz AM, Herrero-Beaumont G, Pablos JL, Narvaez J,
Navarro F, Marenco JL, Gomez-Reino JJ, Gonzalez A: Analysis of
TNFAIP3, a feedback inhibitor of nuclear factor-κκB, and the
neighbor intergenic 6q23 region in rheumatoid arthritis sus-
ceptibility. Arthritis Res Ther 2009, 11:R42.

2. Wellcome Trust Case Control Consortium: Genome-wide asso-
ciation study of 14,000 cases of seven common diseases and
3,000 shared controls. Nature 2007, 447:661-678.

3. Thomson W, Barton A, Ke X, Eyre S, Hinks A, Bowes J, Donn R,
Symmons D, Hider S, Bruce IN; Wellcome Trust Case Control
Consortium, Wilson AG, Marinou I, Morgan A, Emery P; YEAR
Consortium, Carter A, Steer S, Hocking L, Reid DM, Wordsworth
P, Harrison P, Strachan D, Worthington J: Rheumatoid arthritis
association at 6q23. Nat Genet 2007, 39:1431-1433.

4. Plenge RM, Cotsapas C, Davies L, Price AL, de Bakker PI, Maller
J, Pe'er I, Burtt NP, Blumenstiel B, DeFelice M, Parkin M, Barry R,
Winslow W, Healy C, Graham RR, Neale BM, Izmailova E,
Roubenoff R, Parker AN, Glass R, Karlson EW, Maher N, Hafler
DA, Lee DM, Seldin MF, Remmers EF, Lee AT, Padyukov L,
Alfredsson L, Coblyn J, Weinblatt ME, Gabriel SB, Purcell S,
Klareskog L, Gregersen PK, Shadick NA, Daly MJ, Altshuler D:
Two independent alleles at 6q23 associated with risk of
rheumatoid arthritis. Nat Genet 2007, 39:1477-1482.

5. Lee EG, Boone DL, Chai S, Libby SL, Chien M, Lodolce JP, Ma A:
Failure to regulate TNF-induced NF-κκB and cell death res-
ponses in A20-deficient mice. Science 2000, 289:2350-2354.

6. Graham RR, Cotsapas C, Davies L, Hackett R, Lessard CJ, Leon
JM, Burtt NP, Guiducci C, Parkin M, Gates C, Plenge RM,
Behrens TW, Wither JE, Rioux JD, Fortin PR, Graham DC, Wong
AK, Vyse TJ, Daly MJ, Altshuler D, Moser KL, Gaffney PM:
Genetic variants near TNFAIP3 on 6q23 are associated with

systemic lupus erythematosus. Nat Genet 2008, 40:1059-
1061.

7. Musone SL, Taylor KE, Lu TT, Nititham J, Ferreira RC, Ortmann W,
Shifrin N, Petri MA, Kamboh MI, Manzi S, Seldin MF, Gregersen
PK, Behrens TW, Ma A, Kwok PY, Criswell LA: Multiple polymor-
phisms in the TNFAIP3 region are independently associated
with systemic lupus erythematosus. Nat Genet 2008, 40:1062-
1064.

8. Tam OH, Aravin AA, Stein P, Girard A, Murchison EP, Cheloufi S,
Hodges E, Anger M, Sachidanandam R, Schultz RM, Hannon GJ:
Pseudogene-derived small interfering RNAs regulate gene
expression in mouse oocytes. Nature 2008, 453:534-538.


	Abstract
	Competing interests
	References

