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ABSTRACT

Objectives. To replicate the possible
genetic association between ankylos-
ing spondylitis (AS) and TNFRSF1A.
Methods. TNFRSFIA was re-se-
quenced in 48 individuals with AS to
identify novel polymorphisms. Nine
single  nucleotide  polymorphisms
(SNPs) in TNFRSF1A and 5 SNPs in
the neighbouring gene SCNNIA were
genotyped in 1604 UK Caucasian in-
dividuals with AS and 1019 matched
controls. An extended study was imple-
mented using additional genotype data
on 8 of these SNPs from 1400 histori-
cal controls from the 1958 British Birth
Cohort. A meta-analysis of previously
published results was also undertaken.
Results. One novel variant in intron
6 was identified but no new coding
variants. No definite associations were
seen in the initial study but in the ex-
tended study there were weak asso-
ciations with rs4149576 (p=0.04) and
rs4149577 (p=0.007). In the meta-
analysis consistent, somewhat stronger
associations were seen with rs4149577
(p=0.002) and rs4149578 (p=0.006).
Conclusions. These studies confirm
the weak genetic associations between
AS and TNFRSFI1A. In view of the
previously reported associations of
TNFRSF1A with AS, in Caucasians
and Chinese, and the biological plau-
sibility of this candidate gene, repli-
cation of this finding in well powered
studies is clearly indicated

Introduction

Ankylosing spondylitis (AS) is a high-
ly heritable arthropathy, the polygenic
nature of which is now well recog-
nised. Defining the complete genetic
aetiology of polygenic disorders, such
as AS, is an important research goal
since defining loci of even apparently
small genetic effect can give major in-
sights into their aetiology and patho-
genesis (1). For example, the weak but
robust association between rheumatoid
arthritis (RA) and CTLA4, increas-
ing the risk of disease by about 8 per
cent (2), is indicative of the potential
for therapeutic manipulation of T-cell
activation through the CD28 pathway.
This has been amply demonstrated by
the efficacy of recombinant CTLA4
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immunoglobulin fusion protein (abata-
cept) in RA (3). Genome-wide associa-
tion studies (GWAS) have proved very
successful at identifying novel suscep-
tibility genes of moderate effect in AS,
such as ERAPI and IL23R (4, 5). How-
ever, other loci with smaller genetic ef-
fects may require much larger data sets
for discovery and validation.

The type 1 (p55) tumour necrosis fac-
tor receptor (TNFR1), encoded at
TNFRSFIA, is a plausible candidate for
involvement in AS for several reasons.
First, TNFR1 has a pivotal role in TNF-
related pathways leading to NFkB-me-
diated activation of pro-inflammatory
genes and FADD-mediated apoptosis
(6); second, TNF blockade with recom-
binant TNF receptor/Ig fusion protein
(etanercept) is a highly effective treat-
ment (7); third, tissue-specific expres-
sion of TNFRI is critical to the de-
velopment of disease in certain animal
models (8); and fourth, there is already
evidence of genetic association between
TNFRSFIA and certain inflammatory
disorders, including AS (5, 9-12). Not
only did the recent GWAS reported by
the Triple A (Australo-Anglo-Ameri-
can) Spondyloarthritis Consortium
(TASC) show suggestive association
of AS with rs1800693 (p=6.9x107)
at TNFRSFIA (5) but a weak associa-
tion (p=8.2 x10*) was also reported at
TNFRSFAI with rs4149577 in Han Chi-
nese (9). We therefore re-sequenced the
TNFRSFIA gene to identify new vari-
ants and then undertook a systematic
re-evaluation of the genetic association
with AS in a further independent UK
Caucasian population sample.

Materials and methods
Re-sequencing of TNFRSF1A and
detection of novel SNPs

We re-sequenced all 10 exons, exon-
intron boundaries and 2100 bp of 5’
flanking sequence of TNFRSFIA, on
96 chromosomes from 48 subjects with
AS, using BigDye® Terminator chem-
istry and ABI3100 sequencing system
(Applied Biosystems, Warrington,
UK). Polyphred software package
was used to detect SNPs (http://droog.
gs.washington.edu/polyphred/). Novel
SNPs were identified by compari-
son with known sequences and SNPs,
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Fig. 1. Schematic of TNFRSF1A structure with detected known and novel SNPs with their relative locations (above). Underlined are SNPs tagged by
rs4149576 and not genotyped (1>>0.8). rs4149569 is within a repeat sequence and not genotyped. Hapmap tagging SNPs with their relative locations (1>>0.8,
below). LD plot for TNFRSF1A region from HapMap (Phase 3).

(http://www.ensembl.org, = GRCh37;
http://www.ncbi.nlm.nih.gov/sites/

entrez?db=snp, GRCh37, genome
build 37.1; http://genome.ucsc.edu/,
GRCh37/hgl19). RFLP analysis was
used to confirm the presence of novel
SNPs.

Case-control study and

meta-analysis

In “Study A”, we genotyped 14 SNPs
in a new sample of 1604 UK Cauca-
sians with AS and 1019 age and ethni-
cally-matched controls not included in
the previous GWAS (5). All cases ful-
filled the modified New York criteria
for AS (13). The study was approved
by the UK multicentre research ethics
committee (MREC project number:
98/5/23). The 14 SNPs included one
novel SNP in TNFRSFIA, eight pre-
viously known SNPs in TNFRSFIA,
including 7 tagging SNPs (r>>0.8),
and 5 SNPs in the final 3 kilobases of
the upstream gene SCNNIA, encoding
sodium channel, non-voltage-gated 1
alpha (Fig. 1). Four more 5° SNPs in

SCNNIA had been genotyped in the
TASC study but showed no evidence
of association and were not therefore
included in this study. Ten SNPs were
genotyped by iPLEX technology (Mas-
sArray, Sequenom) and four SNPs
(rs4149576, rs1800692, rs12426675,
novel SNP IVS6-32C—A) by KASPar
technology (KBiosciences, Hoddesdon,
Herts, UK). Genotypes were tested for
Hardy-Weinberg equilibrium (p<0.05
was considered statistically significant
but none needed to be excluded from
the study). Cochrane-Armitage test of
trend was used for case-control analy-
ses; p-values <0.05 were considered
statistically significant. We extended
this study, (“Study B”), by including
control data on between 1400 and 1475
controls (depending on the SNP) from
the 1958 British Birth Cohort (BBC)
(http://www.b58cgene.sgul.ac.uk/Oc-
tober 2008). Case control data were
available for two SNPs (rs4149577 and
rs4149578) from the 2010 TASC study
(5). “Study A” data and the TASC dis-
covery set data for these two SNPs
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were therefore combined in a meta-
analysis (excluding the 1958 BBC con-
trol data from the “Study B” because of
overlap with the TASC controls). Man-
tel-Haenszel test was used to calculate
fixed effects pooled odds ratio, chi-
square and p-values using StatsDirect
software (version 2.6.6 03/02/2008).
Cochran Q p-values were calculated to
establish the combinability of the stud-
ies. An insignificant p-value (>0.05)
indicates low heterogeneity between
studies, validating the use of a fixed-ef-
fects meta-analysis approach. Quanto
software was used for power calcula-
tions assuming a log-additive mode of
inheritance and a disease prevalence
of 0.004, using unmatched cases and
controls (version 1.2.4 May 2009).
The PHASE program was used to de-
rive haplotypes from the genotype data
from “Study A” (SNPs rs4149584,
rs4149579, rs4149578, rs4149577,
rs4149576 and rs4149570). Differenc-
es in the frequencies of the predicted
haplotypes between cases and controls
were tested using a chi-square test.
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Table I. The UK case-control study and the extended study results for the TNFRSF1A region. SNPs with p<0.05 are shown in bold.

STUDY (Study A) UK case-control study (Study B) Extended UK case-control study
(Cases ~1604, controls ~1019) (Including 1958 BBC controls~1420,
total controls ~2439)
SNP Gene Position p-value  OR (95% CI) MAF MAF Power p-value OR (95% CI) MAF Power
controls  cases (%) controls (%)
rs12426675 TNFRSF1A Chr12:6439470 03  0.93 (0.80-1.08) 0.20 0.21 25
Novel SNP TNFRSF1A Chr12:6439909 0.2 043 (0.12-1.46) 0.003  0.001 31
rs1800692 TNFRSFIA Chrl2:6442346 0.9 1.01 (0.90-1.13) 043 042 7
rs4149584 TNFRSFIA Chrl12:6442643 0.3  0.78 (0.51-1.21) 0.016  0.02 36 0.1 0.76 (0.54-1.07) 0.015 57
rs4149579 TNFRSFIA Chrl2:6447357 0.2 0.87(0.71-1.08) 0.075  0.084 37 03 0.91 (0.78-1.08) 0.08 32
rs4149578 TNFRSFIA Chrl2:6447437 0.2  0.87 (0.71-1.06)  0.084  0.095 40 0.7 0.97 (0.83-1.13) 0.09 10
rs4149577 TNFRSF1A Chr12:6447522 0.2 1.08 (0.96-1.21) 0.5 0.48 32 0.007 1.13 (1.03-1.24) 0.51 89
rs4149576 TNFRSF1A Chr12:6449115 0.1 092 (0.81-1.03) 041 0.39 42 0.04 0.90 (0.82-0.99) 0.42 70
rs4149570 TNFRSF1A Chrl2:6451590 04  0.95(0.85-1.06) 042 043 21 0.1 0.93 (0.85-1.02) 041 43
rs2228576  SCNNI1A Chr12:6457062 0.7 1.03(091-1.16) 0.36 0.35 12 0.8 1.01 (0.92-1.11) 0.36
rs3764875 SCNNIA Chr12:6458084 1.0 1.00 (0.89-1.13) 0.35 0.35 5 0.8 1.01 (0.92-1.11) 0.36
rs3764874 SCNNI1A Chr12:6458274 0.2 097 (0.85-1.11) 0.22 0.23 11
rs5742912  SCNNIA Chr12:6458350 04  0.84(0.56-1.26) 0.019  0.022 24
rs12304937 SCNNIA Chr12:6458703 0.1 1.50 (0.91-2.45) 0016 001 47

(OR: odds ratio; CI: confidence interval; MAF: minor allele frequency; BBC: British birth cohort (http://www.b58cgene.sgul.ac.uk/).

Results

We detected 7 sequence variants of
TNFRSFIA, of which one was a novel
SNP in intron 6 (IVS6-32C—A) and
six (rs4149569, rs767455, rs4149584,
rs1800692,rs1800693 and rs12426675)
had previously been reported (Fig. 1).
Other possible SNPs detected by the
polyphred software proved to be non-
polymorphic on visual inspection and
RFLP analysis.

Study A: The results of this independent
replication study are shown in Table I.
No significant associations with AS
were seen with any SNP in TNFRSFAI
or SCNNIA.

Study B: Increasing the power of the
study by including control data from
the 1958 BBC revealed weak asso-
ciation with two markers, rs4149576
(»=0.04, OR=0.9, 95% CI 0.82-0.99)
and rs4149577 (p=0.007,OR=1.1,95%
CI 1.03-1.24). However, no association
was observed with rs4149578 (p=0.7).
No additional significant associations
were apparent after stratifying for age
of onset, peripheral joint disease, pres-
ence of inflammatory bowel disease,
uveitis or HLA-B27 status (data not
shown). Comparison of patient and
control haplotypes revealed no addi-
tional associations (data not shown).
However these analyses have reduced
power, for instance for rs4149577,

stratifying on presence of uveitis re-
duces the power to <50% to detect an
OR of 1.1.

Meta-analysis: When data for the two
SNPs (rs4149577 and rs4149578) com-
mon to “Study A” and the previously
published TASC study were combined
in a meta-analysis, a somewhat strong-
er association was observed with
154149577 (p=0.002, OR=1.1, 95%
CI 1.04-1.18, power=92%) and there
was also a positive association with
rs4149578 (p=0.006, OR=0.9, 95% CI
0.77-0.96, power=91%). The magni-
tude and direction of the associations
are in agreement for the meta-analysis
with very narrow confidence intervals
for the fixed effects pooled odds ratios
for rs4149577 and rs4149578. The data
from the Chinese study could not be in-
cluded in the meta-analysis because of
significantly different minor allele fre-
quencies between the two populations.

Discussion

Mutations in TNFRSFIA have already
been implicated in auto-inflammatory
diseases known as TNF receptor as-
sociated periodic syndromes (14) but
there is no firm association of common
variants of this gene with common dis-
eases. We were able to identify one new
SNP with a very low minor allele fre-
quency and to confirm the existence of
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six others in TNFRSF 1A with minor al-
lele frequencies in excess of 0.01. The
initial replication study did not reveal
significant associations with AS. How-
ever, associations with functional can-
didates may escape identification due
to low minor allele frequencies, small
effect sizes and/or low power. By in-
cluding data from the 1958 BBC, which
had already been typed for a subset of
the markers employed in our replica-
tion study, the power to detect associa-
tion for some SNPs was approximately
doubled. We can have more confidence
that these are true results as the 95%
CIs are narrower for both the associ-
ated and non-associated SNPs.

In the extended “Study B” there was
some evidence of association with
two markers, rs4149576 (p=0.04) and
1s4149577 (p=0.007). Of particular in-
terest, rs4149576 tags another SNP,
rs1800693 (r>>0.8), which showed the
strongest association with AS (6.9x10
5) in the TASC study (5). Even though
this SNP was not formally typed in
this study, it still supports our results
as these two SNPs, which are in strong
LD, are associated with AS in two dif-
ferent studies. The meta-analysis of
rs4149577 and rs4149578 was con-
sistent with a real association between
with TNFRSF1A but none of these re-
sults on their own provide conclusive
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evidence of true association. The ORs
for the associated SNPs in this study
(0.9 and 1.1) are comparable to those
found by others in the most recent re-
ports in Crohn’s disease, a related in-
flammatory disorder (15).

The population attributable risk (PAR)
for the two associated TNFRSF 1A SNPs
in study B, rs4149576 (PAR~4%) and
rs4149577 (PAR~6%), are lower than
those for ERAPI (rs2287987 OR~0.7,
PAR~26%) or IL23R (rs11209032
OR~1.3, PAR~9%), unsurprisingly
given their lower ORs but similar to the
-6.5% that we estimated for rs1800693
from published data (5, 16). The prov-
en efficacy of anti-TNF therapy in AS
already provides strong biological
evidence for the involvement of TNF-
driven pathways (potentially including
TNFRSFIA) in the pathogenesis of AS
(7). Given the previously described as-
sociations of TNFRSFIA with other
inflammatory diseases, such as IBD
(11, 12) and multiple sclerosis (10),
further examination of the relationship
of this locus with AS is clearly merited.
Testing for association in other ethnic
populations has already provided addi-
tional support for this locus (9) but ad-
ditional independent replication studies
and meta-analyses are still required to
confirm this result. Understanding the
functional consequences of TNFRSFIA
mutations could also provide further
crucial information about its involve-
ment in AS.

Funding

T. Karaderi was the Henni Mester Stu-
dent at University College, University
of Oxford and is funded by the National
Ankylosing Spondylitis Society (UK).

J. Pointon is funded by the National
Institute for Health Research Oxford
Comprehensive Biomedical Research
Centre (theme code: A91202), and C.

Farrar is funded by NIHR Thames Val-
ley Coordinated Local Research Net-
work. This work was partly funded by
Arthritis Research UK (grantrefs: 18797
and 19356). M.A. Brown is funded by a
Principal Research Fellowship from the
National Health and Medical Research
Council (Australia).

Acknowledgements

Patient recruitment has been greatly en-
hanced by the unstinting support of the
National Ankylosing Spondylitis Socie-
ty in the UK. We thank the Osteoarthri-
tis Genetics Research Group (Oxford)
for access to their control samples. We
acknowledge the use of genotype data
from the 1958 British Birth Cohort
DNA collection funded by the Medi-
cal Research Council grant GO000934
and Wellcome Trust grant 068545/z/02.
This study makes use of data generated
by the Wellcome Trust Case Control
Consortium (WTCCC). A full list of
the investigators who contributed to
the data is available from www.wtccc.
org.uk. Finally, we thank Lyn-Louise
Johnson for iPLEX genotyping and the
Bioinformatics and Statistical Genetics
Group at the Wellcome Trust Centre for
Human Genetics for support.

References

1. MAKSYMOWYCH WP, BROWN MA: Genetics
of ankylosing spondylitis and rheumatoid ar-
thritis: where are we at currently, and how do
they compare? Clin Exp Rheumatol 2009; 27
(Suppl. 55): S20-5.

2. STAHL EA,RAYCHAUDHURI S, REMMERS EF
et al.: Genome-wide association study meta-
analysis identifies seven new rheumatoid ar-
thritis risk loci. Nat Genet 2010; 42: 508-14.

3. KREMER JM, WESTHOVENS R, LEON M et
al.: Treatment of rheumatoid arthritis by
selective inhibition of T-cell activation with
fusion protein CTLAIg. N Engl J Med 2003;
349: 1907-15.

4. HARVEY D, POINTON JJ, EVANS DM et al.:
Investigating the genetic association between
ERAP] and ankylosing spondylitis. Hum Mol
Genet 2009; 18: 4204-12.

113

BRIEF PAPER

5. THE AUSTRALO-ANGLO-AMERICAN SPONDYLITIS
CONSORTIUM (TASC): Genome-wide associa-
tion study of ankylosing spondylitis identi-
fies non-MHC susceptibility loci. Nat Genet
20105 42: 123-7.

6. YANG J, LIN Y, GUO Z et al.: The essential
role of MEKK3 in TNF-induced NF-kappaB
activation. Nat Immunol 2001; 2: 620-4.

7. DAVIS JC, VAN DER HEIJDE DM, BRAUN J et
al.: Efficacy and safety of up to 192 weeks of
etanercept therapy in patients with ankylosing
spondylitis. Ann Rheum Dis 2008; 67: 346-52.

8. ARMAKA M, APOSTOLAKI M, JACQUES P,
KONTOYIANNIS DL, ELEWAUT D, KOLLIAS
G: Mesenchymal cell targeting by TNF as
a common pathogenic principle in chronic
inflammatory joint and intestinal diseases.
J Exp Med 2008; 205: 331-7.

9. DAVIDSON SI, LIU Y, DANOY PA et al.: As-
sociation of STAT3 and TNFRSFAI with
ankylosing spondylitis in Han Chinese. Ann
Rheum Dis 2011; 70: 289-92.

10. DE JAGER PL, JIA X, WANG J et al.: Meta-
analysis of genomic scans and replication
identify CD6, IRF8 and TNFRSFIA as new
multiple sclerosis susceptibility loci. Nat
Genet 2009; 41: 776-82.

11. LAPPAPAINEN M, HALME L, TURINEN U et
al.: Association of IL23R, TNFRSFIA and
HLA-DRB1#0103 allele variants with in-
flammatory bowel disease phenotypes in
the Finnish population. Inflamm Bowel Dis
2008; 14: 1118-24.

12. WASCHKE KA, VILLANI AC, VERMEIRE S et
al.: Tumor necrosis factor receptor gene pol-
ymorphisms in Crohn’s disease: association
with clinical phenotypes. Am J Gastroenterol
2005; 100: 1126-33.

13. VAN DER LINDEN S, VALKENBURG HA, CATS
A: Evaluation of diagnostic criteria for an-
kylosing spondylitis: a proposal for modi-
fication of the New York criteria. Arthritis
Rheum 1984; 27: 361-8.

14. MCDERMOTT MF, AKSENTIJEVICH I, GALON
J et al.: Germline mutations in the extracel-
lular domains of the 55 kDa TNF receptor,
TNFR1, define a family of dominantly inher-
ited autoinflammatory syndromes. Cell 1999;
97: 133-44.

15. FRANKEL A, MCGOVERN DPB, BARRETT JC
et al.: Genome-wide meta-analysis increases
to 71 the number of confirmed Crohn’s dis-
ease susceptibility loci. Nat Genet 2010; 42:
1118-25.

16. WELLCOME TRUST CASE CONTROL CONSORTIUM
& THE AUSTRALO-ANGLO-AMERICAN SPONDYLI-
TIS CONSORTIUM: Association scan of 14,500
nonsynonymous SNPs in four diseases identi-
fies autoimmunity variants. Nat Genet 2007;
39: 1329-37.



