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A genome-wide association study identifies a new locus
associated with the response to anti-TNF therapy in
rheumatoid arthritis
A Julià1, A Fernandez-Nebro2, F Blanco3, A Ortiz4, JD Cañete5, J Maymó6, M Alperi-López7, B Fernández-Gutierrez8, A Olivè9,
H Corominas10, A Erra11, I Acosta-Colman1, A Alonso1, M López-Lasanta1, R Tortosa1, J Tornero12 and S Marsal1

Anti-Tumor Necrosis Factor (anti-TNF) drugs are biologic agents commonly used to treat rheumatoid arthritis (RA). However,
anti-TNFs are not effective in approximately one out of four treated patients. We conducted a Genome-Wide Association Study
(GWAS) to identify the genetic variation associated with the response to anti-TNF therapy in RA. In the discovery stage, 372 RA
patients treated with an anti-TNF agent (infliximab, adalimumab or etanercept) were analyzed and treatment response was
defined at 12 weeks of therapy. We found a genome-wide significant association in the MED15 gene with the response to
etanercept (Po1.5e-8). Using an independent cohort of 245 RA patients, we performed a replication study of the most significant
GWAS associations. We replicated the association at the MED15 locus and found suggestive evidence of association in the
previously associated MAFB locus. The results of this study suggest novel mechanisms associated with the response to
anti-TNF therapies.
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INTRODUCTION
Anti-Tumor Necrosis Factor (anti-TNF) agents are the most used
biologic drugs in rheumatoid arthritis (RA) management. After the
failure of conventional disease-modifying anti-rheumatic drugs,
anti-TNF agents are the predominant treatment option.1 However,
there is considerable heterogeneity in the response to this
therapy, and approximately 25% of anti-TNF-treated patients do
not show significant clinical improvement. The high cost of this
therapy and the possibility of alternative biologic treatments of
similar efficacy2,3 are raising the need for biomarkers of response
to anti-TNF therapy.
Clinical and epidemiological factors like sex, age at onset,

rheumatoid factor and anti-cyclic citrullinated antibodies have
been shown to be weak predictors of the response to anti-TNF
therapy.4 Consequently, molecular features like DNA variation,5

gene expression profiles6 or metabolite levels7 are increasingly
being studied to characterize new biomarkers for anti-TNF
response. Genome-Wide Association Study (GWAS) has been very
successful at identifying the common genetic variation associated
with the risk of developing disease. To date, more than 100 loci
have been associated with RA susceptibility.8 Although these loci
suggest new pathways and potential new drug targets, there is yet
no consistent association between these loci and treatment
response.9

The power of the GWAS approach has been recently used to
identify new genomic regions associated with the differential
response to anti-TNF agents.10–14 So far, only two loci have shown
sufficient statistical significance to be considered true treatment
response biomarkers.13,15,16 Single nucleotide polymorphism
(SNP) rs6427528, located in the 3′UTR of the CD84 gene, was
found to be associated with the response to anti-TNF therapy as
well with CD84 gene expression regulation. Importantly, the
association was found to be specific for etanercept-treated
patients and was not observed in adalimumab- or infliximab-
treated patients.13 More recently, the PDE3A-SLCO1C1 locus on
chromosome 12p12 showed a genome-wide significant (Po5e-8)
association with anti-TNF treatment response in RA.15 Although
the statistical significance was highest when combining all anti-
TNF therapies, the genetic association was only statistically
significant in the infliximab and etanercept-treated subsets of
patients. Together, these results suggest that the genetic variation
associated with the response to anti-TNF agents in RA is
heterogeneous and at least partially depends on the type of
anti-TNF agent.
Here we report a GWAS and validation study for anti-TNF

response with a total of 606 Caucasian European RA patients.
There is previous strong evidence of treatment-specific genetic
variation associated with the clinical response. To this end, we
have also analyzed the association with each anti-TNF therapy.
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PATIENTS AND METHODS
GWAS and replication study cohorts
A total of 372 RA patients treated with an anti-TNF agent (adalimumab,
etanercept or infliximab) as their first biologic therapy were recruited in the
discovery phase. The patients were selected by the Immune-Mediated
Inflammatory Disease Consortium (IMIDC),15 which includes a network of
rheumatology departments from 12 different Spanish University Hospitals.
All patients were diagnosed as having RA according to the American
College of Rheumatology classification criteria,17 had undergone 42 years
of follow-up since diagnosis and were naïve to anti-TNF therapy (or any
other) biologic therapy. All cases were Caucasian European and with all
four grandparents born in Spain.
An independent cohort of 245 RA patients treated with an anti-TNF

therapy and also selected by the IMIDC was used to validate the most
significant genetic associations from the GWAS. The patient recruitment
criteria were the same as for the discovery phase.
Informed consent was obtained from all participants, and protocols were

reviewed and approved by local institutional review boards. The present
study was conducted according to the Declaration of Helsinki principles.

GWAS and replication genotyping
The genotyping of 4550,000 SNPs for each patient in the discovery phase
was performed using the Illumina Quad610 Beadchip platform (Illumina,
San Diego, CA, US). GWAS genotyping was performed at the Centro
Nacional de Genotipado (CeGen, Spain) using the recommended protocol.
After excluding mitochondrial, X and Y chromosome SNPs, a total of
600,470 markers were considered for GWAS analysis. The SNP genotype
calling was performed using Illumina GenomeStudio software v2010.1
(Illumina). Only samples that had 495% completion rate (99% samples)
were used in the association analysis. SNPs with o95% call rate (0.6%) or a
minor allele frequency (MAF) o0.05 (6.2%) were excluded from the
analysis. Using a previously published cohort of healthy control individuals
from the same European ancestry18 and genotyped with the same
platform, we calculated the principal components of variation using
EIGENSTRAT software v3 (Alkes Price Lab, Harvard University, MA, USA;
http://www.hsph.harvard.edu/alkes-price/software/).19 Using the top 10
axes of variation we excluded the genetic outliers (that is, defined as those
individuals at 46 s.d. from the center of any of the estimated principal
components, n= 11 patients). Supplementary Figure S1 shows the
distribution of the control and RA cohorts according to the two first
principal components of variation. SNPs that failed the Hardy–Weinberg
equilibrium test in the control cohort (99.5% of SNPs, P40.0001 in
controls) were also excluded from the downstream analysis.
Replication genotyping was performed at the HudsonAlpha Institute for

Biotechnology (Huntsville, Alabama, US) using the Illumina GoldenGate
assay (Illumina) according to the recommended protocol. Genotype calling
was performed using GStream genotyping software v1.0 (Rheumatology
Research Group, Vall d'Hebron Hospital, Barcelona, Spain; http://www.urr.
cat/software/).20 Similar quality control measures were applied, including
genotyping call rate 490% and sample completion rate 480%. Five
percent of the samples were genotyped in duplicate to estimate the
genotyping error rate (o1% error rate).

Statistical analysis
After the quality control analysis, we performed the GWAS for anti-TNF res-
ponse in RA. Genome-wide association analyses were performed using PLINK
software (Purcell Lab, MA, USA; http://pngu.mgh.harvard.edu/~purcell/plink/).21

The response to anti-TNF treatment was measured at week 12 and was based
on the European League Against Rheumatism (EULAR) response criteria.22 The
European League Against Rheumatism criteria define the response to
treatment using the change in the disease activity induced by the treatment
as well as the end-point disease activity. Using these two parameters, RA
patients are categorized into good, moderate or nonresponders.
According to the findings of the most recent pharmacogenetic studies in

RA,13,15,23 there is strong evidence supporting the existence of anti-TNF
drug-specific genetic association. Consequently, we conducted genome-
wide analysis following two different approaches for the identification of
loci associated with anti-TNF response in RA. First, we performed a global
GWAS including all three treatments (that is, infliximab, etanercept and
adalimumab). In order to increase the power of this study, we compared
those patients having a more extreme response to therapy (that is,
European League Against Rheumatism good responders vs. non-respon-
ders). This approach has been previously used for the identification of

genetic variants associated with anti-TNF response.12,15 Second, we
performed a separate GWAS for each anti-TNF drug included in this study.
Given the limited sample size, and similar to previous studies,10,12 good
and moderate European League Against Rheumatism responders were
merged into a single anti-TNF responder group. Finally, based on the
previous evidence of a shared genetic association between the response to
etanercept and infliximab,15 we performed the combined GWAS of these
anti-TNF agents. In all 5 GWAS, the association to treatment response was
tested using the allelic χ2 test.
Power calculations were performed using the R package 'Genetics

Design' v1.34 (Bioconductor; http://www.bioconductor.org/).24 Using an
α= 5e-8, a MAF= 0.2 and a multiplicative genetic model, we estimated an
⩾ 80% power to detect effect sizes of OR⩾ 2.8 for the global extreme anti-
TNF association, OR⩾ 7 for the adalimumab group of patients, OR⩾ 4 for
infliximab, OR⩾ 4.9 for etanercept and OR⩾ 2.8 for the combined
etanercept–infliximab group.
The selection of loci for replication was based on the level of statistical

significance reached in the GWAS (Po1e-7). In order to include refine and
identify further significant associated loci, all loci harboring an SNP with a
P-value o1e-5 were selected to impute the genomic region. For this
objective, SHAPEIT v1 (Oxford University, UK; https://mathgen.stats.ox.ac.
uk/genetics_software/shapeit/shapeit.html)25 and IMPUTE2 (Oxford Uni-
versity, UK; https://mathgen.stats.ox.ac.uk/impute/impute_v2.html)26 pro-
grams were used to increase the density of SNPs in each region based on
the 1000 Genomes Project reference panel.27 With this approach, an
average 45 increase in the density of SNPs was obtained for each
associated region. At each region, if an imputed SNP reached the
significance threshold (that is, Po1e-7) and its imputation quality metric
was good (information statistic 40.9), it was selected for replication. The
association of each locus to treatment response was determined using the
same statistical association test as in the discovery cohort. Statistical
analysis in this phase was performed using R v2.15 (The R Foundation;
http://www.r-project.org/) and plots were generated using LocusZoom
(University of Michigan, MI, USA; http://csg.sph.umich.edu/locuszoom/).28

RESULTS
The epidemiological and clinical characteristics of the GWAS and
replication patient cohorts are shown in Table 1. After applying
the quality control criteria, a total of 511,754 SNPs genotyped in
361 RA patients were available for GWAS. Seventy-four percent of
patients were responders at week 12 of anti-TNF therapy. In total,
132 patients were treated with etanercept, 132 with infliximab and
96 with adalimumab. With this data set we used the different
GWAS approaches for the identification of genetic markers for
anti-TNF response. Quantile–quantile plots showed no systematic
inflation of P-values (Supplementary Figure S2).

Table 1. Clinical characteristics of the GWAS and replication patient
cohorts

Clinical variable GWAS cohort Replication cohort

Age at treatment, mean± s.d. 53.3± 11.8 51.7± 12.4
Age at diagnosis, mean± s.d. 43.2± 12.5 43.3± 13.2
Female, n (%) 298(82.6%) 202(82.5%)
Disease duration (years), mean± s.d. 10.1± 8.3 8.4± 7.3
Anti-CCP positivea, n (%) 76(78.1%) 135(64.3%)
RF positiveb, n (%) 282(78.3%) 178(78.1%)
Baseline DAS28, mean± SD 5.6± 1.1 5.4± 1.3
Treated with infliximab, n (%) 132(36.6%) 76(31.1%)
Treated with etanercept, n (%) 133(36.8%) 114(46.7%)
Treated with adalimumab, n (%) 96(26.6%) 54(22.1%)
EULAR nonresponders, n (%) 92(25.5%) 64(26.2%)
EULAR moderate responders, n (%) 152(42.1%) 99(40.6%)
EULAR good responders, n (%) 117(32.4%) 81(33.2%)

Abbreviations: Anti-CCP: anti-cyclic citrullinated peptide antibodies;
DAS28: Disease Activity Score for 28 joints; EULAR: European League
Against Rheumatoid Arthritis response criteria; GWAS, Genome-Wide
Association Study; RF: rheumatoid factor antibodies. aACPA status available
in 96.1% patients. bRF status available in 99.7% patients.
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A total of 3 SNPs were found to meet the significance threshold
in the GWASs (Table 2). From these, the MED15 SNP rs113878252
association with etanercept reached a genome-wide level of
statistical significance (P=1.24e-8, OR(95%CI) =0.09(0.04–0.24)),
Figure 1). The other two highly significant SNPs were rs6941263
(ARMC2 locus, P=6.22e-8, OR(95%CI) =0.2(0.11–0.37)) and rs6065221
(MAFB locus, P=6.26e-8, OR(95%CI) =0.24(0.13–0.41)), and were
found in the global and etanercept–infliximab GWASs, respectively.
The validation cohort consisted of 181 responders (73.9%)

and 64 nonresponders to anti-TNF therapy (26.1%). From these,
115 RA patients had been treated with etanercept, 76 with
infliximab and 54 with adalimumab. MED15 SNP rs113878252
association with etanercept could not be analyzed in the selected
platform and, consequently, the closest most significant non-
imputed SNP was selected for replication (that is, SNP rs4821915
at 4.3 kb, P= 2.26e-6).
Using the independent patient cohort we validated the

association at MED15 with the response to etanercept (Po0.05,
same direction of effect) and found suggestive evidence for MAFB
(P= 0.056, same direction of effect).

DISCUSSION
The introduction of anti-TNF agents has been a revolution in the
management of RA. However, this therapeutic approach is not
effective in all patients, and consequently the disease activity
might still progress, destroying joint tissues and causing an
important reduction in the quality of life of patients. Therefore,
there is a need to find markers that can help identify those
patients with a higher probability of being nonresponsive to anti-
TNF therapy and who can benefit from alternative therapeutic
strategies. In the present study we have used the GWAS approach
to identify new loci associated with anti-TNF response in RA. We
have identified a genome-wide significant association between
the MED15 locus and the response to etanercept (P= 1.24e-8).
Using an independent cohort of patients we have performed a
validation study of the most significant results in the GWAS. In this
validation stage we have replicated the association of the MED15
locus with the response to etanercept, and we have found
suggestive evidence for the MAFB locus with the response to
etanercept/infliximab. The results of this study therefore con-
tribute to the characterization to the complex genetic basis of
anti-TNF response in RA.
The mediator complex subunit 15 gene (MED15) encodes for a

subunit of the multiprotein complexes PC2 and ARC/DRIP and
might participate in RNA polymerase II transcription.29 Also called
ARC105, it has been shown to be an essential mediator of
TGF-Beta signal transduction, enhancing the response to this
cytokine.30 DiGeorge Syndrome, a disease caused by the deletion
of the chromosome 22 region harboring MED15, is characterized
by an increased prevalence of autoimmune diseases, including
juvenile rheumatoid arthritis.31 Of relevance, gene expression data
from different human tissues show a marked expression of this
gene in CD8+ T cells compared with other human cell types or
tissues32 (Supplementary Figure S3). Although traditionally

considered a CD4+ T-cell-mediated disease,33 RA is now known
to involve many other different cell types and immune subsets.
Recent evidence shows that CD8+ T cells have a marked role in
the disease and amount to as much as 40% of the RA synovial
fluid T-cell infiltrate.34,35 The formation of ectopic germinal centers
in the synovial membrane, which are associated with a worse
prognosis in RA, have been shown to require CD8+ T cell activity.
Of relevance, treating RA mouse models with anti-CD8+
antibodies leads to synovial follicle disintegration and the
reduction of multiple cytokines including TNFalpha.36 It is there-
fore likely that genetic variation influencing CD8+ T-cell activity
could influence the resistance or efficacy to cytokine blocking
treatments such as anti-TNF agents. Future studies confirming the
functional implication of MED15 in RA and the response to anti-
TNF agents are warranted.
In the present GWAS we have found highly suggestive evidence

for the association between variation in the chromosome region
20q11–13 and the response to etanercept and infliximab. This
region harbors the v-maf avian musculoaponeurotic fibrosarcoma
oncogene homolog B gene (MAFB), a transcription factor that is
crucial in the hematopoietic cell differentiation of monocytes–
macrophages.37 Importantly, the first GWAS to study the genetic
variation associated with the response to anti-TNF found also a
strong association signal in the MAFB locus.10 In particular, they
found an association with SNP rs6028945, which is at ~ 56 kb from
our associated SNP rs6065221. In our data set we did not find

Table 2. Summary of GWAS and replication study results for anti-TNF response in RA

SNP Locus Analysis Chr Bp MAF GWAS OR(95%CI) GWAS P REPL OR(95%CI) REPL P

rs6941263 ARMC2 Global extreme 6 109 369 880 0.16 0.2 (0.11–0.37) 6.22E-08 0.83 (0.28–2.47) 0.77
rs113878252 MED15 Etanercept 22 20 895 927 0.1 0.09 (0.04–0.24) 1.24E-08 0.47 (0.23–0.99) 0.039a

rs6065221 MAFB Etanercept/infliximab 20 38 326 726 0.14 0.24 (0.13–0.41) 6.26E-08 0.58 (0.19–1.76) 0.056

Abbreviations: Bp, basepair; Chr, chromosome; CI, confidence interval for odds ratio; GWAS OR, Odds ratio in GWAS; GWAS P, P-value in GWAS; MAF, minor
allele frequency in the patient cohort; REPL OR, odds ratio in replication study; REPL P, P-value in the replication study; SNP, single nucleotide polymorphism.
avalidation for MED15 locus association was performed using SNP rs4821915 (Bp 20,891,545).

Figure 1. Association results for MED15 locus with the response to
etanercept. Regional association plot with the significance of the
SNPs (i.e., -log10(P-value), y-axis) as a function of the basepair
location on chromosome 22q11.2 (x-axis). The variant most
associated with the response to etanercept, SNP rs113878252, is
colored in purple and the remaining SNPs are colored according to
the linkage disequilibrium (r2 value) with this SNP. The estimated
recombination rates (centiMorgans/Megabase, right y-axis) are
plotted as a continuous background line (blue). The genes at
MED15 locus are also shown.
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evidence of association between rs6028945 SNP and response to
treatment (data not shown); however, the low LD between both
markers (r2 = 0.03, CEU Hapmap population) could explain the lack
of concordance. In the previous GWAS, however, all three anti-TNF
treatments were considered together. This result suggests that
MAFB locus association with the response to anti-TNF therapy is
heterogeneous and might include different regions on the same
locus according to the type of anti-TNF agents considered. Further
support from independent patient cohorts will be necessary to
confirm the nature of this pharmacogenetic association.
In the present GWAS we have identified a new genetic region

associated with the response to anti-TNF therapy and we have
found additional evidence for a previously associated locus. These
two genetic associations are treatment-specific, highlighting the
importance of separately analyzing the genetic contribution of
each therapy in RA. This study provides additional support for the
existence of different biological mechanisms through which anti-
TNF agents exert their immunomodulatory role. The results of this
study are an important contribution to the pharmacogenetics of
this prevalent disease.
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