
    1321Budu-Aggrey A, et al. Ann Rheum Dis 2017;76:1321–1324. doi:10.1136/annrheumdis-2016-210592

Basic and translational research

Concise report
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Abstract
Objectives P soriatic arthritis (PsA) is an inflammatory 
arthritis associated with psoriasis. While many common 
risk alleles have been reported for association with PsA 
as well as psoriasis, few rare coding alleles have yet been 
identified.
Methods T o identify rare coding variation associated 
with PsA risk or protection, we genotyped 41 267 
variants with the exome chip and investigated 
association within an initial cohort of 1980 PsA cases 
and 5913 controls. Genotype data for an independent 
cohort of 2234 PsA cases and 5708 controls was also 
made available, allowing for a meta-analysis to be 
performed with the discovery dataset.
Results  We identified an association with the rare 
variant rs35667974 (p=2.39x10−6, OR=0.47), encoding 
an Ile923Val amino acid change in the IFIH1 gene 
protein product. The association was reproduced in 
our independent cohort, which reached a high level of 
significance on meta-analysis with the discovery and 
replication datasets (p=4.67x10−10). We identified a 
strong association with IFIH1 when performing multiple-
variant analysis (p=6.77x10−6), and found evidence of 
independent effects between the rare allele and the 
common PsA variant at the same locus.
Conclusion  For the first time, we report a rare coding 
allele in IFIH1 to be protective for PsA. This rare allele has 
also been identified to have the same direction of effect 
on type I diabetes and psoriasis. While this association 
further supports existing evidence for IFIH1 as a causal 
gene for PsA, mechanistic studies will need to be 
pursued to confirm that IFIH1 is indeed causal.

Introduction
In approximately 6%–42% of cases psoriasis is 
associated with an inflammatory arthritis,1 psoriatic 
arthritis (PsA), which includes joint inflammation, 
involving primarily the distal interphalangeal (DIP) 
joints, entheses and sacroiliac joints. As patients 
typically test negative for rheumatoid factor, PsA 
is considered one of the spondyloarthropathies.1 
Patients with PsA have a worse quality of life than 
patients with psoriatic skin disease alone.2 PsA may 
demonstrate a greater genetic component than 
psoriasis; a recent family study among first-degree 
relatives estimated a sibling recurrence risk (λs) 
between 30 and 40, greater than that of psoriasis, 
where the recurrence risk is between 4 and 10.3 4

Genome-wide association studies have identi-
fied common risk alleles that are associated with 

both psoriasis and PsA.5–10 Familial studies11 and 
case-control studies12 have reported rare missense 
alleles in CARD14 that confer strong risk of psori-
asis, but to date no rare coding alleles have been 
identified for PsA risk. As rare coding variants are 
more likely to result in an interpretable functional 
effect, they might more easily provide insight into 
the mechanism of disease than known common 
variants associated with psoriasis and PsA. If rare 
alleles are protective, have a strong effect and result 
in loss of gene function, they could be flagging 
promising drug targets.13 For example, the Y142X, 
C679X and R46L alleles in PCSK9 identified this 
gene as a promising drug target for lipid modifica-
tion.14 15

To identify rare alleles that are associated with PsA 
(MAF<0.05), we queried the exome by analysing 
1980 PsA cases and 5913 healthy controls that 
were genotyped using the Illumina HumanExome 
chip and HumanCoreExome chip. In doing so, we 
report an association with a rare coding variant at 
the IFIH1 locus.

Methods
Study sample description
We recruited a total of 2384 patients with PsA and 
5946 healthy individuals in this study following 
approval of the research ethics committee (MRES 
99/8/84), as described previously.16 All participants 
were the UK Caucasians and had provided written 
informed consent.

Genotyping
We genotyped DNA samples using the Infinium 
HumanExome-12 BeadChip (V.1-0) (Illumina) 
and the Infinium HumanCoreExome-24 Bead-
Chip (V.1-0) (Illumina) (see online supplementary 
table 1), where 691 cases and all control samples 
were genotyped with the HumanExome chip, and 
the remaining 1693 cases were genotyped with 
the HumanCoreExome chip within the Arthritis 
Research UK Centre for Genetics and Genomics at 
The University of Manchester.

Genotype calling and quality control
We performed genotype calling and clustering with 
the GenomeStudio Data Analysis software (Geno-
typing Module V.1.8.4). We carried out initial geno-
type clustering to identify and exclude samples with 
a genotyping call rate <98%. We then performed 
automated reclustering of the remaining samples to 
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obtain more accurate genotype clusters. As we were concerned 
that rare variants may be incorrectly clustered, we conducted an 
extensive manual review of clusters. We reviewed variants that 
were filtered based on cluster separation (<0.4), signal intensity 
(<1.0) and allele frequency, where we identified variants that 
had failed genotyping, and those that had been incorrectly called 
as ‘missing’.

Statistical quality control
We identified duplicated samples and related individuals using 
identity-by-descent with PLINK software (see online supplemen-
tary table 2). We also performed principal component analysis 
with the EIGENSOFT software package (V.6.0.1), to identify 
and exclude samples with divergent ancestry (see online supple-
mentary figure 1, supplementary table 2). Principal components 
were calculated with a set of linkage disequilibrium (LD)-pruned 
single nucleotide polymorphisms (SNPs) (n=13 444). We 
excluded monomorphic, Y chromosome, pseudoautosomal, 
mitochondrial and variants within the human leukocyte antigen 
(HLA) region, as well as variants with a call rate <100% in 
order to ensure high quality of the data. We also excluded SNPs 
found to significantly deviate from Hardy-Weinberg equilibrium 
(<1.0×10−6) among the control samples.

To prevent any bias due to differences in genotyping between 
the two platforms used in this study, we excluded all variants 
with evidence of case allele frequency differences between the 
two platforms (p<0.05) (see online supplementary figure 2). We 
also excluded variants with an allele count of 0 among either 
of the case cohorts or the control samples. Furthermore, we 
excluded rare variants showing evidence of genotyping bias by 
assessing the allele counts of cases and controls for each geno-
typing platform used.

Replication dataset
We used an independent cohort of 2234 PsA cases and 5708 
controls to replicate our findings. Briefly, people of European 
Caucasian ancestry were collected in North America and Sweden, 
and were genotyped using the Affymetrix Axiom Biobank Plus 
Genotyping Array. More details of this cohort, as well as quality 
control procedures applied to the genotype data, have been 
described previously.17

Association testing
We performed single-point analysis using the Fisher's exact test 
in PLINK with all SNPs passing quality control, and separately 
for rare variants. We calculated genomic inflation for all vari-
ants, and separately for rare and common variants alone, where 
we created a null SNP set (n=13 106) with the common vari-
ants and excluded previously reported psoriasis loci (see online 
supplementary figures 3–5). We performed multiple-variant 
testing with the rare variants using SKAT analysis in R. We used 
the Firth logistic regression test (with four principal components 
as covariates) for association analysis of the replication cohort. 
In our replication cohort, principal components had been calcu-
lated with a set of LD-pruned SNPs, where known psoriasis loci 
had been excluded (n=11 005). We performed a meta-analysis 
with the discovery and independent cohort data assuming an 
inverse-variance fixed-effects model. The choice of methods to 
perform the single-variant analysis was based on their suitability 
for analysing rare variants.

IFIH1 conditional analysis and conditional haplotype analysis
At the IFIH1 locus, we performed conditional logistic regression 
in PLINK to test for independence between the rare (Ile923Val) 

and common (rs984971) variants using PsA Immunochip geno-
type data (1962 cases, 8923 controls). We also used this dataset 
to construct haplotypes in PLINK to test for association with 
PsA, where we calculated OR and 95% CIs. We performed 
conditional haplotype analysis based on a likelihood ratio, to test 
for an effect of Ile923Val independent from that of rs984971.

Results
After quality control, we examined genotype data for 41 267 
non-HLA variants in 1980 cases and 5913 controls (see online 
supplementary table 3). We excluded more case samples compared 
with controls due to the overlap of case samples that were geno-
typed on both platforms. We carried out single-point analysis using 
the Fisher's exact test to identify associations with PsA. Unsur-
prisingly, we observed evidence of association in our cohort at 
known PsA alleles (see online supplementary table 4), including the 
rs33980500 SNP at TRAF3IP2 (p=3.9×10−18). After removing 
these known associations, we observed only modest genomic infla-
tion (λ=1.06, λ1000,1000=1.02), suggesting little evidence of popula-
tion stratification (see online supplementary figure 4).

We conducted a single-point analysis for a total of 27 066 rare 
variants alone (MAF<0.05, λ=0.79) (see online supplementary 
figure 5). The strongest association we found was with the SNP 
rs35667974 (p=2.39×10−6, OR=0.47) (see online supplemen-
tary figures 6 and 7, supplementary table 5), mapping to IFIH1; 
this variant causes a missense mutation, resulting in an amino 
acid substitution of valine for isoleucine (Ile923Val). Of the 18 
variants taken forward for replication (p<1.0×10−3), we only 
found the Ile923Val association to replicate within our inde-
pendent cohort (p=3.5×10−5, OR=0.49), based on a Bonfer-
roni-corrected p value threshold of 2.78×10–3 (=0.05/18, see 
online supplementary tables 6 and 7). On meta-analysis with 
the discovery and replication datasets, we found the association 
with the Ile923Val allele to exceed genome-wide significance 
(p=4.78×10-10). We performed multiple-variant analysis to 
assess allele counts among genes and obtained further evidence 
to support the association of IFIH1 with PsA (p=6.77×10−6, 
Bonferroni-corrected p value threshold=5.60×10−6, based on 
the number of genes tested) (see online supplementary table 8).

Independent effects at the IFIH1 locus
A common variant at IFIH1 has been previously reported as 
associated with PsA in our recent Immunochip study.9 When 
performing single-point analysis with the Immunochip dataset, 
we found evidence for an independent signal within the locus. In 
that study, we observed that Ile923Val obtained nominal signifi-
cance after conditional analysis (figure 1). We also observed this 
association to be stronger than that previously reported for the 
common variant at the same locus, rs984971 (p=3.62×10−6). 
When we performed conditional logistic regression, the 
Ile923Val variant remained associated with PsA (p<0.05) while 
conditioning on rs984971 (pcond=4.0×10−6) (figure  1). Like-
wise, the SNP rs984971 remained associated with PsA when 
we conditioned on the Ile923Val variant (pcond=1.6×10−4) 
(figure 1). This gives evidence of the independent effects of the 
two variants. We performed conditional haplotype analysis using 
haplotypes constructed with both variants (figure 2). Here, we 
found that the derived haplotype containing Ile923Val (CG) 
has a significantly greater protective effect compared with that 
containing the derived allele at rs984971 (TA), relative to the 
ancestral haplotype (TG) (p=6.36×10−11 vs pcond=2.95×10−7). 
This confirms that the association with the rare IFIH1 variant is 
not driven by the common rs984971 variant.
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Discussion
We have identified a PsA association with the rare coding allele 
Ile923Val within the IFIH1 gene. This rare allele was found to 
be protective for PsA, and also replicated within an independent 
cohort. We found the association signal to reach genome-wide 
significance during meta-analysis, and confirmed the associa-
tion with IFIH1 when performing multiple-variant analysis. The 
Ile923Val allele has been previously reported to be protective for 
type 1 diabetes18 and psoriasis.19 Associations within the IFIH1 

locus have also been reported to increase PsA risk.10 20 However, 
until now no association with the Ile923Val allele has been 
reported to have a protective effect on PsA alone. We found the 
Ile923Val variant to be independent of the common SNP previ-
ously identified at the IFIH1 locus (rs984971). This SNP is highly 
correlated (r2=0.64) with an additional common IFIH1 variant 
(rs1990760) that has been recently reported for PsA.10 We also 
found the Ile923Val variant to have an independent effect from 
this variant (Pcond=4.39×10−6). Furthermore, we also found the 
Ile923Val variant to be independent of the common rs3747517 
IFIH1 variant previously reported for PsA (Pcond=7.73×10−7).10 
These findings highlight the relevance of IFIH1 in immune-related 
disorders, especially given the recent association reported for the 
rare IFIH1 allele with ankylosing spondylitis, Crohn's disease, 
psoriasis, primary sclerosing cholangitis and ulcerative colitis.21 
The frequency of the Ile923Val variant in our control population 
(0.021) is slightly higher than observed in European populations 
in the 1000 genomes project and the exome sequencing project 
(0.01–0.018).22 23 This should be taken into consideration when 
interpreting the results of this study.

As the rare allele identified lies within a coding region, this 
provides strong evidence to suggest that IFIH1 is a causal gene 
for PsA. As discussed by Plenge et al,13 a rare and independent 
variant in a causal gene for disease could provide a potential 
therapeutic target for treatment. However, linking human 
genetics with therapeutic targets requires the biological function 
of the causal gene and variant to be known.

IFIH1 encodes a cytoplasmic RNA helicase that recognises 
viral RNA and mediates an immune response on viral infection.18 
The protective effect of the rare IFIH1 allele observed with PsA 
suggests that the variant results in a loss of function phenotype, 
where the production or activity of IFIH1 is decreased. Increased 
expression levels of IFIH1 have been observed in psoriasis skin 
lesions compared with healthy skin,10 suggesting that pharmaco-
logical inhibition of this gene could be effective in treating psori-
atic disease. However, when investigating the effect of Ile923Val 
in knockout mice, mutants showed no change in their double-
stranded RNA binding activity compared with the wild-type.24 
This indicates the requirement for further investigation into the 
biological effect before any conclusions can be drawn from our 
current study regarding the impact of this allele on disease or the 
potential for treatment of PsA. Mechanistic studies will also be 
required to confirm that IFIH1 is causal for PsA.

In conclusion, we report for the first time an association with 
a rare coding allele in IFIH1 that is protective for PsA, and 
independent of associations that have previously been reported 
within this locus.
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Figure 1  Conditional logistic regression within the IFIH1 region 
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corrected p<0.025). (A) Association of the rare (Ile923Val) and common 
variant (rs984971) with PsA (Fisher’s exact test). (B) The rare variant 
remains associated when rs984971 is conditioned on. (C) The common 
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on. ↓ Position of the SNP that has been conditioned on.

Figure 2  Frequencies and psoriatic arthritis association OR of the 
haplotypes for Ile923Val and rs984971. OR and their 95% CIs are 
shown relative to the most frequent haplotype on a natural log scale 
(ln). 1; Ile923Val, 2; rs984971, Freq; frequency.

 on D
ecem

ber 8, 2021 by guest. P
rotected by copyright.

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/annrheum

dis-2016-210592 on 13 M
ay 2017. D

ow
nloaded from

 

http://ard.bmj.com/


1324 Budu-Aggrey A, et al. Ann Rheum Dis 2017;76:1321–1324. doi:10.1136/annrheumdis-2016-210592

Basic and translational research

2NIHR Manchester Musculoskeletal Biomedical Research Unit, Central Manchester 
Foundation Trust and University of Manchester, Manchester Academy of Health 
Sciences, Manchester, UK
3Department of Dermatology, University of Michigan, Ann Arbor, Michigan, USA
4Department of Biostatistics, Center for Statistical Genetics, University of Michigan, 
Ann Arbor, Michigan, USA
5Royal National Hospital for Rheumatic Diseases, University of Bath, Bath, UK
6Department of Rheumatology, Cambridge University Hospitals NHSFT, Cambridge, 
UK
7Department of Pharmacy and Parmacology, University of Bath, Bath, UK
8Ann Arbor Veterans Affairs Hospital, Ann Arbor, Michigan, USA
9Department of Medicine, Brigham and Women’s Hospital and Harvard Medical 
School, Boston, Massachusetts, USA
10Program in Medical and Population Genetics, Broad Institute of MIT and Harvard, 
Cambridge, Massachusetts, USA

Contributors  AB, SR, JB and JTE devised the study concept and design, and 
managed the project. AB-A performed genotyping and statistical analysis. AB-A, SR, 
AB, JB and JTE were responsible for the interpretation of the data. PS, MZ, LT and 
RN were responsible for the analysis of the Michigan cohort which was directed and 
coordinated by JTE. DP, NM and EK contributed data towards the discovery phase. All 
authors contributed to and approved the final version of the manuscript.

Funding  We thank Arthritis Research UK for their support (grant ref 20 385). 
This report includes independent research funded by the NIHR Manchester 
Musculoskeletal BRU. AB-A is funded by a studentship from the MRC. This work 
was supported by awards from the National Institutes of Health (R01AR042742, 
R01AR050511, R01AR063611, R01AR065183) to JTE. JTE is supported by the 
Ann ArborArbour Veterans Affairs Hospital. LCT is supported by the Dermatology 
Foundation, National Psoriasis Foundation and the Arthritis National Research 
Foundation. This work was part-funded by an investigator-initiated research grant 
from Pfizer Ltd., awarded to DRJ and NMH.

Disclaimer  The views expressed in the publication are those of the authors and 
not necessarily those of the National Health Service, the National Institute for Health 
Research or the Department of Health.

Competing interests  None declared.

Provenance and peer review  Not commissioned; externally peer reviewed.

Open Access  This is an Open Access article distributed in accordance with the 
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others 
to distribute, remix, adapt and build upon this work, for commercial use, provided 
the original work is properly cited. See: http://​creativecommons.​org/​licenses/​by/​4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

References
	 1	 Gladman DD, Antoni C, Mease P, et al. Psoriatic arthritis: epidemiology, clinical 

features, course, and outcome. Ann Rheum Dis 2005;64(Suppl 2):ii14–ii17.
	 2	R osen CF, Mussani F, Chandran V, et al. Patients with psoriatic arthritis have worse 

quality of life than those with psoriasis alone. Rheumatology 2012;51:571–6.
	 3	 Chandran V, Schentag CT, Brockbank JE, et al. Familial aggregation of psoriatic 

arthritis. Ann Rheum Dis 2009;68:664–7.

	 4	 Karason A, Love TJ, Gudbjornsson B. A strong heritability of psoriatic arthritis 
over four generations--the Reykjavik psoriatic arthritis study. Rheumatology 
2009;48:1424–8.

	 5	E llinghaus E, Stuart PE, Ellinghaus D, et al. Genome-wide meta-analysis of psoriatic 
arthritis identifies susceptibility locus at REL. J Invest Dermatol 2012;132:1133–40.

	 6	 Hüffmeier U, Uebe S, Ekici AB, et al. Common variants at TRAF3IP2 are associated 
with susceptibility to psoriatic arthritis and psoriasis. Nat Genet 2010;42:996–9.

	 7	 Bowes J, Loehr S, Budu-Aggrey A, et al. PTPN22 is associated with susceptibility to 
psoriatic arthritis but not psoriasis: evidence for a further PsA-specific risk locus. Ann 
Rheum Dis 2015;74:1882–5.

	 8	 Zuo X, Sun L, Yin X, et al. Whole-exome SNP array identifies 15 new susceptibility 
loci for psoriasis. Nat Commun 2015;6:6793.

	 9	 Bowes J, Budu-Aggrey A, Huffmeier U, et al. Dense genotyping of immune-related 
susceptibility loci reveals new insights into the genetics of psoriatic arthritis. Nat 
Commun 2015;6:6046.

	 10	S tuart PE, Nair RP, Tsoi LC, et al. Genome-wide association analysis of psoriatic 
arthritis and cutaneous psoriasis reveals differences in their genetic architecture. Am 
J Hum Genet 2015;97:816–36.

	 11	 Jordan CT, Cao L, Roberson ED, et al. PSORS2 is due to mutations in CARD14. Am J 
Hum Genet 2012;90:784–95.

	 12	 Jordan CT, Cao L, Roberson ED, et al. Rare and common variants in CARD14, 
encoding an epidermal regulator of NF-kappaB, in psoriasis. Am J Hum Genet 
2012;90:796–808.

	 13	P lenge RM, Scolnick EM, Altshuler D. Validating therapeutic targets through human 
genetics. Nat Rev Drug Discov 2013;12:581–94.

	 14	 Cohen JC, Boerwinkle E, Mosley TH, et al. Sequence variations in PCSK9, low LDL, 
and protection against coronary heart disease. N Engl J Med 2006;354:1264–72.

	 15	S tein EA, Mellis S, Yancopoulos GD, et al. Effect of a monoclonal antibody to PCSK9 
on LDL cholesterol. N Engl J Med 2012;366:1108–18.

	 16	 Bowes J, Eyre S, Flynn E, et al. Evidence to support IL-13 as a risk locus for psoriatic 
arthritis but not psoriasis vulgaris. Ann Rheum Dis 2011;70:1016–9.

	 17	T soi LC, Stuart PE, Tian C, et al. Large scale meta-analysis characterizes genetic 
architecture for common psoriasis-associated variants. Nat Commun. In Press.

	 18	N ejentsev S, Walker N, Riches D, et al. Rare variants of IFIH1, a gene implicated in 
antiviral responses, protect against type 1 diabetes. Science 2009;324:387–9.

	 19	 Li Y, Liao W, Cargill M, et al. Carriers of rare missense variants in IFIH1 are protected 
from psoriasis. J Invest Dermatol 2010;130:2768–72.

	 20	 Julià A, Tortosa R, Hernanz JM, et al. Risk variants for psoriasis vulgaris in a large 
case-control collection and association with clinical subphenotypes. Hum Mol Genet 
2012;21:4549–57.

	 21	E llinghaus D, Jostins L, Spain SL, et al; International IBD Genetics Consortium 
(IIBDGC), International Genetics of Ankylosing Spondylitis Consortium (IGAS), 
International PSC Study Group (IPSCSG), Genetic Analysis of Psoriasis Consortium 
(GAPC), Psoriasis Association Genetics Extension (PAGE). Analysis of five chronic 
inflammatory diseases identifies 27 new associations and highlights disease-specific 
patterns at shared loci. Nat Genet 2016;48:510–8.

	 22	 Auton A, Brooks LD, Durbin RM, Abecasis GR, Altshuler DM, et al; 1000 Genomes 
Project Consortium. A global reference for human genetic variation. Nature 
2015;526:68–74.

	 23	 Lek M, Karczewski KJ, Minikel EV, et al; Exome Aggregation Consortium. Analysis of 
protein-coding genetic variation in 60,706 humans. Nature 2016;536:285–91.

	 24	S higemoto T, Kageyama M, Hirai R, et al. Identification of loss of function mutations 
in human genes encoding RIG-I and MDA5: implications for resistance to type I 
diabetes. J Biol Chem 2009;284:13348–54.

 on D
ecem

ber 8, 2021 by guest. P
rotected by copyright.

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/annrheum

dis-2016-210592 on 13 M
ay 2017. D

ow
nloaded from

 

http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1136/ard.2004.032482
http://dx.doi.org/10.1093/rheumatology/ker365
http://dx.doi.org/10.1136/ard.2008.089367
http://dx.doi.org/10.1093/rheumatology/kep243
http://dx.doi.org/10.1038/jid.2011.415
http://dx.doi.org/10.1038/ng.688
http://dx.doi.org/10.1136/annrheumdis-2014-207187
http://dx.doi.org/10.1136/annrheumdis-2014-207187
http://dx.doi.org/10.1038/ncomms7793
http://dx.doi.org/10.1038/ncomms7046
http://dx.doi.org/10.1038/ncomms7046
http://dx.doi.org/10.1016/j.ajhg.2015.10.019
http://dx.doi.org/10.1016/j.ajhg.2015.10.019
http://dx.doi.org/10.1016/j.ajhg.2012.03.012
http://dx.doi.org/10.1016/j.ajhg.2012.03.012
http://dx.doi.org/10.1016/j.ajhg.2012.03.013
http://dx.doi.org/10.1038/nrd4051
http://dx.doi.org/10.1056/NEJMoa054013
http://dx.doi.org/10.1056/NEJMoa1105803
http://dx.doi.org/10.1136/ard.2010.143123
http://dx.doi.org/10.1126/science.1167728
http://dx.doi.org/10.1038/jid.2010.214
http://dx.doi.org/10.1093/hmg/dds295
http://dx.doi.org/10.1038/ng.3528
http://dx.doi.org/10.1038/nature15393
http://dx.doi.org/10.1038/nature19057
http://dx.doi.org/10.1074/jbc.M809449200
http://ard.bmj.com/

