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Evidence for PTPN22 R620W Polymorphism As the
Sole Common Risk Variant for Rheumatoid Arthritis in
the 1p13.2 Region
JOSE-EZEQUIEL MARTÍN, BEHROOZ Z. ALIZADEH, MIGUEL A. GONZÁLEZ-GAY, ALEJANDRO BALSA, 
DORA PASCUAL-SALCEDO, MARÍA F. GONZÁLEZ-ESCRIBANO, LUIS RODRIGUEZ-RODRIGUEZ, 
BENJAMÍN FERNÁNDEZ-GUTIÉRREZ, ENRIQUE RAYA, MARIEKE J.H. COENEN, PIET van RIEL, 
TIMOTHY R.D.J. RADSTAKE, TORE K. KVIEN, MARTE K. VIKEN, BENEDICTE A. LIE, BOBBY P.C. KOELEMAN,
and JAVIER MARTÍN

ABSTRACT. Objective. The PTPN22 rs2476601 genetic variant has been associated with rheumatoid arthritis (RA)
and other autoimmune diseases. Some reports suggest that this single-nucleotide polymorphism (SNP)
may not be the only causal variant in the region of PTPN22. Our aim was to identify new independent
RA-associated common gene variants in the PTPN22 region.
Methods. We analyzed Wellcome Trust Case-Control Consortium genome-wide association study data
for associations in the 397.2 kb PTPN22 region and selected 9 associated SNP (with p < 5 × 10–3) for
replication and dependence analysis. The replication cohorts comprised 2857 patients with RA and
2994 controls from Spain, Netherlands, and Norway.
Results. We found that 6 of the 9 selected SNP were associated in the Spanish cohort. Of these, 4 were
also associated in the Dutch and Norwegian cohorts, and all 6 were associated with RA in the combined
analysis. Conditional analyses showed that none of these associations was independent of rs2476601.
Conclusion. The SNP rs2476601 located in the PTPN22 gene is the sole common genetic variant asso-
ciated with RA in the 1p13.2 region, suggesting that neighbor genes of PTPN22 do not have a major
influence in RA. (First Release Oct 1 2011; J Rheumatol 2011;38:2290–6; doi:10.3899/jrheum.110361) 
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More than 100 genetic variants are now unambiguously asso-
ciated with complex human autoimmune diseases1. In recent
years several genome-wide association studies (GWAS) have
been carried out on rheumatoid arthritis (RA), giving rise to a
number of new genetic associations2,3,4,5,6. Nevertheless,

association of a genetic variation does not mean causal asso-
ciation of the variant with the disease. The most common sce-
nario is that a single-nucleotide polymorphism (SNP) shows
association with the trait because it is in linkage disequilibri-
um with the causal variant. 
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Prior to the era of GWAS, SNP rs2476601 at PTPN22 was
found to be associated with autoimmune diseases such as
RA7, systemic lupus erythematosus (SLE)8, type 1 diabetes9,
and Graves’ disease10,11. The risk allele encodes a nonsyn-
onymous gain-of-function variant of lymphoid tyrosine phos-
phatase gene (Arg620), and functional studies have suggested
a role either in loss of tolerance to self or on regulatory T
cells9,12.

Nevertheless, it is suspected that other common variants
may explain, at least in part, the association detected at the
PTPN22 locus. Studies have investigated additional causal
variants in the PTPN22 region in RA13, type 1 diabetes14,15,
and Graves’ disease16, among others. Some studies suggest the
presence of more than 1 variant associated with autoimmunity
in the 1p13.2 region where PTPN22 is located. No study to
date has been sufficiently large to fully dissect the complex
association of this region with RA. Conversely, a recent study
by Wan Taib, et al17 suggested that rs2476601 is the only inde-
pendent RA association in the 1p13.2 region. In addition to the
widely demonstrated role of PTPN22 itself in autoimmune
processes, its genetic region is complex, with a relatively high
density of genes spanning roughly 0.4 Mb, including (from 5’
to 3’) MAGI3, PHTF1, RSBN1, PTPN22, BCL2L15, AP4B1,
DCLRE1B, HIPK1, and OLFML3. Not much is known about
the function of these genes, but 2 of them (BCL2L15 and
HIPK1) have roles in apoptotic processes, and thus could be
involved in the pathogenesis of RA18,19,20.

We aimed to identify new common genetic variants associ-
ated with RA in the 1p13.2 region using existing GWAS data,
following 2 different approaches: replicating associations
from the Wellcome Trust Case-Control Consortium
(WTCCC) data in 3 white populations, and imputing 1p13.2
region data in the WTCCC to extend SNP coverage.

MATERIALS AND METHODS
We wanted to assess the implications for RA of genetic variants in the
PTPN22 region. We selected SNP found to be statistically associated with RA
in this region in the WTCCC study2. SNP rs2476601 was not included on the
Affymetrix genotyping chips used in the WTCCC, so no initial analysis of
dependence with this variant could be performed in the UK population. We
chose the gene-rich region surrounding the PTPN22 gene, spanning 397.2 kb
(from base pairs 113,987,482 to 114,384,683) on chromosome 1, according to
NCBI Build 37.1, for analysis. The genes located in this region are, from 3’
to 5’, MAGI3, PHTF1, RSBN1, PTPN22, BCL2L15, AP4B1, DCLRE1B,
HIPK1, and OLFML3. On each border there is a gap of several tens of kilo-
bases before another gene is found, in which also occur recombination
hotspots (Figure 1).

We used 2 approaches to determine independent genetic associations in
the 1p13.2 region (Figure 2), as follows. (1) All SNP with Bonferroni-cor-
rected p values < 10–2 in the WTCCC (Table 1) were selected for genotyping
and analysis in the Spanish case/control RA cohort. SNP that were in high
linkage disequilibrium (r2 > 0.9) were pruned. All SNP associated in the
Spanish cohort were further tested in a second stage composed of Dutch and
Norwegian independent case/control cohorts for confirmation. (2)
Alternatively, we performed imputation of the UK population from the
WTCCC in the 1p13.2 region, including rs2476601. Dependence analysis
was also carried out in the imputed UK population in order to determine inde-
pendent associations.

Populations. The WTCCC RA and control populations have been described2.
The initial Spanish cohort comprised 941 patients with RA and 743 healthy
controls. The Dutch replication cohort consisted of 962 patients with RA and
1130 healthy controls. The Norwegian replication cohort consisted of 953
patients with RA and 1121 healthy controls. All patients with RA met
American College of Rheumatology criteria21 and were recruited from
Hospital Clínico San Carlos (Madrid, Spain), Hospital Xeral-Calde (Lugo,
Spain), Hospital Universitario La Paz (Madrid, Spain), Hospital Clínico San
Cecilio (Granada, Spain), Radboud University Nijmegen Medical Centre
(Nijmegen, Netherlands), Diakonhjemmet Hospital (Oslo, Norway), and
blood banks from the corresponding regions and hospitals. All individuals
were white and all gave written informed consent for the study. This study
was approved by the local ethics committees of the corresponding hospitals.

Genotyping methods. All SNP were genotyped using TaqMan assays (Applied
Biosystems, Foster City, CA, USA) on an ABIprism 7900 HT real-time ther-
mocycler in the Spanish and Dutch cohorts. The Norwegian cohort was geno-
typed by MassARRAY technology (Sequenom, San Diego, CA, USA) of the
Centre for Interactive Genetics, Norwegian University of Life Sciences
(UMB), except for rs2476601, where genotypes were available from previous
publications22,23,24.

Data imputation. WTCCC data were imputed in order to increase the number
of genotypes in the 1p13.2 region for the UK population. After performing
imputation tests in this region in the WTCCC cohort, removing genotyped
SNP from the panel and comparing them to their imputed counterparts, we
selected for optimal imputation using the Impute software as described25 tak-
ing as reference panels the CEU and TSI (white) populations from the
HapMap project26 (http://hapmap.ncbi.nlm.nih.gov/). After imputation, the
data were filtered as follows: all SNP with a call rate below 0.98, all SNP that
deviated from Hardy-Weinberg equilibrium (p < 0.001), and all SNP with
minor allele frequency < 0.01 were excluded.

Data analysis. All data were filtered for quality using the following criteria:
Hardy-Weinberg equilibrium p value < 0.001 in controls, and success call rate
per individual > 0.95 and per SNP > 0.95. Genotype and allele frequencies
were compared among cases and controls by chi-square analysis with 1
degree of freedom to find significant associations. P values for dominant and
recessive models were also generated. All p values < 0.05 were considered
statistically significant. OR and 95% CI were calculated according to Woolf’s
method. For each SNP we determined dependency of the association with the
other genetic variants by means of conditional logistic regression analysis
using Plink software. We conditioned each SNP to each other SNP separately
and altogether (multiple logistic regression).

We performed metaanalysis for pooling of the initial and replication
cohorts to control for differences among populations. The metaanalysis of the
different cohorts was conducted using Mantel-Haenszel test to calculate
pooled OR, and the 95% CI for the OR was estimated using a random-effect
model. Heterogeneity between cohorts was tested using the Breslow-Day test. 

All data were analyzed using Plink software (version 1.06;
http://pngu.mgh.harvard.edu/purcell/plink/)27. The association plot of the
1p13.2 region was generated with the LocusZoom software (Center for
Statistical Genetics, University of Michigan, Ann Arbor, MI, USA;
http://csg.sph.umich.edu/locuszoom/)28.

RESULTS

Replication through case/control cohorts. Nine SNP out of 38
showed signs of association (p < 5 × 10–3) in the WTCCC
study in the PTPN22 region (Table 1), and were genotyped in
the Spanish cohort, in addition to the PTPN22 rs2476601. All
SNP tested were in Hardy-Weinberg equilibrium.

Results obtained from the Spanish cohort are shown in
Table 2. SNP in the region were tested for independency with
the known causal genetic variant rs2476601 in the PTPN22

gene. We found that, in addition to rs2476601, 5 of the select-
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ed SNP were associated with RA in the Spanish population
(rs2273758 in PHTF1, rs6679677 and rs1217396 in RSBN1,
rs1235005 between PTPN22 and BCL2L15, and rs12029840
near OLFML3), yet these associations were not independent
from rs2476601 (Table 2). Further, rs2476601 lost its signifi-
cance when conditioned to 4 of these 5 SNP, probably due to
the lack of statistical power.

To increase the power to detect independent associations,
we then analyzed these 5 SNP and rs2476601 in the Dutch and
Norwegian replication cohorts. We found that all 5 SNP were
associated with RA in the Dutch cohort, and that all except
rs12029840 were associated with RA in the Norwegian cohort
(Table 3). Then we performed conditional logistic regression
analysis for the 6 SNP in all data, taking the 3 populations into
account as covariates. Pairwise conditioning showed that
rs12029840 was dependent upon rs2476601, while all the oth-
ers remained significant after conditioning individually for
each other SNP (Table 3). We then conditioned each SNP to
all the others to account for multiple or combined effects of
the genetic variation in the region. Only rs2476601 (condi-
tioned p value = 1.62 × 10–11, OR 1.518) and rs6679677 (con-
ditioned p value = 0.0119, OR 0.893) remained significant
after the analysis (Table 3). The SNP rs6679677 was found to
be in almost total linkage disequilibrium with rs2476601 in
the Dutch and Norwegian cohorts (r2 = 0.972 and r2 = 0.994,

respectively), but not in the Spanish cohort (r2 = 0.75). In the
Spanish cohort there was no conclusive evidence of depend-
ence between these 2 variants. Further, conditional analysis on
the Dutch or Norwegian cohorts alone was unable to distin-
guish between the association present on rs2476601 and
rs6679677 due to the high linkage disequilibrium. Conditional
logistic regression analysis with all 3 populations showed that
the association of rs6679677, although significant, was high-
ly conditioned to that of rs2476601 (unconditioned p value =
1.04 × 10–11; conditioned p value = 0.0119). Additionally,
conditional logistic regression analysis becomes inaccurate
when the variants under consideration have high linkage dis-
equilibrium. Further, when multiple testing correction was
applied to the conditioned p value of 0.0119, all significance
was lost.

We also analyzed all 3 cohorts for common haplotypes
(i.e., more than 5%) in patients with RA and controls. We
found the same haplotypes in the 3 populations, but all asso-
ciations with RA found in any population, or all of them, were
dependent upon rs2476601 (data not shown).

WTCCC imputation. A total of 38 SNP were genotyped and
passed quality filters in the UK population of the WTCCC
study in the 1p13.2 region (supplementary data available from
the authors upon request). When imputation was completed
using the CEU and TSI white populations from the HapMap

Figure 1. Manhattan plot showing the associations found in the imputed data of the Wellcome Trust Case-Control
Consortium study in the 1p13.2 region.
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Project as reference panels, and the data were filtered for qual-
ity, data from a total of 123 SNP were obtained; of these, 50
showed association with RA (p < 10–2; Figure 1). After con-
ditioning of all SNP on rs2476601 in the UK imputed popula-

tion, none remained significant at the GWAS level (supple-
mentary data available from the authors upon request). Only
rs3811019 (p value = 3.32 × 10–6; conditioned p value =
0.026) and rs17032011 (p value = 1.70 × 10–6; conditioned P
value = 0.029) located in the HIPK1 gene retained some
degree of association, although this was much lower than the
nonconditioned association, suggesting a minor role if any for
these variants in RA. These 2 SNP were in almost total link-
age disequilibrium in the UK population. Further, when con-
ditioning associations in these 2 SNP for all others in the
region were examined by multiple logistic regression, their
significance was totally lost.

DISCUSSION

By means of logistic regression analysis we performed an
association study of the 1p13.2 region conditional on the
Arg620 variant (rs2476601) of the PTPN22 gene in the
WTCCC dataset and replication in a total of 2857 patients
with RA and 2994 healthy controls from Spain, The
Netherlands, and Norway. Although we detected some sug-
gestion of independent association, none of the SNP we ana-
lyzed significantly added to the risk conferred by rs2476601
in the multiple logistic regression analysis after appropriate
Bonferroni correction.

Another study has presented results that suggest the
PTPN22 rs2476601 variant is not the sole causal genetic vari-
ant for RA in the 1p13.2 region13, and shown evidence of
independent association for a protective haplotype tagged by
either rs12760457 or rs12730735. The sample size in that
study was 1136 cases and 1797 controls (statistical power was
65% to detect an OR of 1.2 with minor allele frequency =
0.10). This haplotype was identified by SNP in our present
study, but no independent association from rs2476601 was
found that confirmed the previous association. The study by
Wan Taib, et al17 failed to confirm independence of this asso-
ciation. In our study, we had 93% statistical power to detect an
OR of 1.2 with minor allele frequency of 0.10; the study by
Wan Taib, et al17, with 4460 cases and 4481 controls, had the

Table 1. Single-nucleotide polymorphisms (SNP) associated with a p value < 10–2 in the PTPN22 region in the WTCCC RA dataset. A 397.2 kb region of
chromosome 1p13.2 including MAG13, PHTF1, RSBN1, PTPN22, BCL2L15, AP4B1, DCLRE1B, HIPK1, and OLFML3 genes was investigated in the
WTCCC RA dataset (1999 cases and 3004 controls).

Minor Allele Frequency
SNP Closest Gene Base Pair Change Cases Controls p* OR (95% CI)

rs2273758 PHTF1 114,082,240 A/C 0.429 0.391 5.54E-03 1.171 (1.08–1.27)
rs6679677 RSBN1 114,105,331 A/C 0.171 0.097 2.11E-26 1.928 (1.71–2.17)
rs1217396 RSBN1 114,139,759 C/T 0.294 0.241 1.10E-07 1.314 (1.20–1.44)
rs2488457 PTPN22/BCL2L15 114,216,891 G/C 0.262 0.204 2.79E-10 1.390 (1.27–1.53)
rs1235005 PTPN22/BCL2L15 114,218,960 C/G 0.454 0.417 0.00805 1.165 (1.07–1.26)
rs10776775 AP4B1 114,238,005 A/G 0.404 0.364 0.00182 1.186 (1.09–1.29)
rs6661817 AP4B1 114,248,557 C/G 0.401 0.361 0.00246 1.183 (1.09–1.28)
rs3811019 HIPK1 114,273,106 G/C 0.104 0.077 0.000126 1.388 (1.21–1.60)
rs12029840 OLFML3 114,333,003 T/C 0.121 0.096 0.00260 1.296 (1.14–1.47)

* Bonferroni corrected p value. WTCCC: Wellcome Trust Case-Control Consortium; RA: rheumatoid arthritis.

Figure 2. The Wellcome Trust Case-Control Consortium (WTCCC) study
procedure: strategies to determine whether the single-nucleotide polymor-
phism rs2476601 in PTPN22 is the only genetic risk variant for rheumatoid
arthritis in the 1p13.2 region.
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highest statistical power (99%), with results identical to ours.
The study by Carlton, et al13 also showed evidence of inde-
pendent association of SNP rs3789604. Again, this SNP was
also identified by the SNP we studied, yet again no independ-
ent association from rs2476601 was found. Thus, we were
unable to confirm previous reported independent associations
in the 1p13.2 region.

A rare SNP, rs33996649, in the PTPN22 region is known
to be associated with RA and SLE29,30, but this variant or
other rare ones were not identified in our study. In addition,
rs33996649 has already been shown to be associated with RA
independently of the effect of rs247660130.

A north-south geographic gradient in the frequencies of the
rs2476601 T risk allele has been described in European popu-

Table 2. Single-nucleotide polymorphisms (SNP) analyzed in our Spanish cohort selected from the WTCCC data on the 1p13.2 genetic region (941 cases,
743 controls). Significant SNP with no conclusive evidence of dependency on PTPN22 are printed in bold type.

Minor Allele Frequency
SNP Closest Gene Base Pair Change Cases Controls p OR (95% CI) p Value: Add to rs2476601 p r2 with

rs2476601 Value: Add rs2476601
to SNP

rs2273758 PHTF1 114,082,240 T/G 0.385 0.341 0.0121 1.210 (1.04–1.40) 0.147 0.0612 0.162

rs6679677 RSBN1 114,105,331 A/C 0.104 0.079 0.0219 1.344 (1.04–1.73) 0.640 0.405 0.746

rs1217396 RSBN1 114,139,759 G/A 0.262 0.222 0.00970 1.244 (1.05–1.47) 0.422 0.0693 0.289

rs2476601 PTPN22 114,179,091 A/G 0.109 0.081 0.00952 1.382 (1.08–1.77) NA NA NA

rs2488457 PTPN22/BCL2L15 114,216,891 C/G 0.222 0.197 0.0879 1.162 (0.98–1.38) 0.827 0.0408 0.319
rs1235005 PTPN22/BCL2L15 114,218,960 G/C 0.439 0.396 0.0162 1.191 (1.03–1.37) 0.0985 0.0878 0.136

rs10776775 AP4B1 114,238,005 A/G 0.378 0.354 0.180 1.105 (0.95–1.28) 0.593 0.0309 0.152
rs6661817 AP4B1 114,248,557 C/G 0.376 0.358 0.299 1.080 (0.93–1.25) 0.760 0.0216 0.148
rs3811019 HIPK1 114,273,106 C/G 0.074 0.058 0.0738 1.302 (0.97–1.74) 0.611 0.0274 0.216
rs12029840 OLFML3 114,333,003 T/C 0.097 0.069 0.00554 1.446 (1.11–1.88) 0.108 0.0475 0.156

Table 3. Single-nucleotide polymorphisms (SNP) replicated in the Dutch and Norwegian cohorts based on the findings in the Spanish cohort. Dutch cohort
was 962 cases and 1130 controls; Norwegian cohort was 953 patients with RA and 1121 healthy controls.

Minor Allele Frequency
SNP Closest Gene Base Pair Change Population Cases Controls p OR (95% CI) p Value: rs2476601 r2 with p Value

Add to p Value: rs2476601 Multiple
rs2476601 Add Logistic

to SNP Regression

rs2273758 PHTF1 114,082,240 T/G Spain 0.385 0.341 0.0121 1.210 (1.04–1.40) 0.147 0.0612 0.162 0.473
Netherlands 0.423 0.362 9.99E-05 1.289 (1.13–1.46) 0.203 4.42E-05 0.243 0.303

Norway 0.431 0.398 0.0314 1.146 (1.01–1.30) 0.793 0.000374 0.224 0.456
Metaanalysis 0.392 8.65E-07 1.211 (1.12–1.31) 0.00640 3.98E-11 NA 0.709

rs6679677 RSBN1 114,105,331 A/C Spain 0.104 0.079 0.0219 1.344 (1.04–1.73) 0.640 0.405 0.746 0.837
Netherlands 0.163 0.104 2.32E-08 1.686 (1.40–2.03) 0.541 0.719 0.972 7.09E-04

Norway 0.160 0.116 5.25E-05 1.445 (1.21–1.73) NA NA 0.994 0.0342

Metaanalysis 0.123 1.37E-12 1.510 (1.35–1.69) 0.0291 1.12E-18 NA 0.0119

rs1217396 RSBN1 114,139,759 G/A Spain 0.262 0.222 0.00970 1.244 (1.05–1.47) 0.422 0.0693 0.289 0.819
Netherlands 0.306 0.239 2.48E-06 1.402 (1.22–1.61) 0.179 3.52E-04 0.396 0.794

Norway 0.300 0.239 1.54E-05 1.361 (1.18–1.57) 0.0420 0.0485 0.418 0.00991

Metaanalysis 0.262 1.04E-11 1.343 (1.23–1.46) 1.59E-08 1.944E-07 NA 0.121
rs2476601 PTPN22 114,179,091 A/G Spain 0.109 0.081 0.00952 1.382 (1.08–1.77) NA NA NA 0.355

Netherlands 0.164 0.103 8.40E-09 1.716 (1.43–2.06) NA NA NA 6.37E-04

Norway 0.160 0.116 3.22E-05 1.458 (1.22–1.74) NA NA NA 0.0265

Metaanalysis 0.123 1.46E-13 1.532 (1.37–1.72) NA NA NA 1.63E-11

rs1235005 PTPN22/ 114,218,960 G/C Spain 0.439 0.396 0.0162 1.191 (1.03–1.37) 0.0985 0.0878 0.136 0.979
BCL2L15 Netherlands 0.463 0.408 3.62E-04 1.255 (1.11–1.42) 0.328 6.69E-06 0.213 0.516

Norway 0.479 0.449 0.0534 1.129 (1.00–1.28) 0.798 2.08E-04 0.173 0.937
Metaanalysis 0.440 5.50E-06 1.189 (1.10–1.28) 0.0120 8.36E-08 NA 0.452

rs12029840 OLFML3 114,333,003 T/C Spain 0.097 0.069 0.00554 1.446 (1.11–1.88) 0.108 0.0475 0.156 0.260
Netherlands 0.114 0.086 0.00275 1.370 (1.11–1.69) 0.860 1.00E-06 0.209 0.830

Norway 0.121 0.10 0.2941 1.108 (0.92–1.34) 0.332 3.38E-05 0.223 0.116
Metaanalysis 0.101 0.000146 1.271 (1.12–1.44) 0.866 2.33E-09 NA 0.431

NA: not applicable. RA: rheumatoid arthritis.
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lations31. We observed that this gradient (i.e., a higher minor
allele frequency in the north, lower to the south) is also pres-
ent for most SNP in the 1p13.2 region, but with varying minor
allele frequencies. Further, the linkage disequilibrium pattern
is also affected by this gradient, such that SNP on 1p13.2 are
in stronger linkage disequilibrium in northern countries
(Norway and The Netherlands) than in the south (Spain). In
our study we analyzed populations with different linkage dis-
equilibrium patterns and degrees of association in the
PTPN22 region, and it is unlikely that any common variants
have gone undetected due to population-specific issues (SNP
in 1p13.2 region from the WTCCC data cover 70% of
described variability in HapMap).

By 2 methods we show that no genetic variant in the
1p13.2 region, besides rs2476601 in the PTPN22 gene, is
associated with RA. Given that our combined cohorts from
Spain, The Netherlands, and Norway allow 93% statistical
power to detect any genetic variant more frequent than 1%
and with an OR > 1.10, it is unlikely that any other variant
associated with RA in white populations exists in this region.
Wan Taib, et al17 came to the same conclusion studying dif-
ferent cohorts and using a different methodology. Further,
both imputed and genotyped data in the WTCCC (covering 
> 95% of common variation in whites in this region described
in HapMap) also showed no other variant independently asso-
ciated with RA in this region.

No supporting evidence was found for any common genet-
ic variant, other than rs2476601, being independently associ-
ated with RA in the 1p13.2 region in white populations.
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