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and multiple sclerosis
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The 620W allele of PTPN22 has been associated with susceptibility to several different forms of chronic
inflammatory disease, including Type 1 diabetes (T1D), rheumatoid arthritis (RA), systemic lupus
erythematosus (SLE), and autoimmune thyroiditis (AIT). We set out to explore its possible role in two other
inflammatory diseases: multiple sclerosis (MS) and Crohn’s disease (CD). In our cohort of 496 MS trios
from the United Kingdom, we observed reduced transmission of the PTPN22 620W allele. The CD sample
consisted of 169 trios as well as 249 cases of CD with their 207 matched control subjects collected in the
province of Québec, Canada; there was also no evidence of association between the PTPN22 620W allele
and susceptibility for CD. Pooled analyses combining our data with published data assessed a total of 1496
cases of MS and 1019 cases of CD but demonstrated no evidence of association with either disease. Given
the modest odds ratios of known risk alleles for inflammatory diseases, these analyses do not exclude a role
for the PTPN22 allele in susceptibility to CD or MS, but they do suggest that such a putative role would
probably be more modest than that reported so far in T1D, RA, SLE, and AIT.
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Introduction
There has recently been interest in the 620W allele of the

hematopoeitic-specific intracellular protein tyrosine phos-

phatase PTPN22 (OMIM# 600716). This allele is present at

a frequency of 8–16% in North American individuals of

European descent.1 –4 The functional role of this R620W

amino-acid substitution remains unclear at this time; in

vitro, the presence of the 620W allele decreases the binding

affinity of an SH3 domain of the lymphoid-specific

phosphatase (LYP) encoded by PTPN22.1,2 In terms of the

function of LYP, RNAi knockdown of PTPN22 results in

increased NF-kB activity in the Jurkat T-cell line,2 and a

targeted null allele of PTPN22 in mice is associated with

enhanced activation of the T-cell receptor.5 Given these

data on LYP function, several lines of evidence suggest that
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the 620W allele of PTPN22 may lower the threshold of

T-cell activation and hence may have a role in susceptibi-

lity to inflammatory diseases.1,2,5

An association between the 620W allele and suscept-

ibility to disease was first noted in subjects with Type 1

diabetes mellitus (T1D)1 and prompted us to assess the

possible role of the 620W allele in two other inflammatory

diseases: Crohn’s disease (CD) which affects the gastro-

intestinal tract and multiple sclerosis (MS) which consists

of inflammatory demyelinating episodes in the central

nervous system. T cells play an important role in both CD

and MS, suggesting a pathophysiological rationale for a

possible role of PTPN22 620W in conferring susceptibility

to these diseases.6,7 Since the original report of association

with T1D, additional associations have been described with

susceptibility to rheumatoid arthritis (RA),2 systemic lupus

erythematosus (SLE),4 and autoimmune thyroiditis

(AIT).8,9 While it is possible that the 620W allele may be

associated with susceptibility to several different inflam-

matory diseases, an accurate estimate of the extent of the

disease risk attributable to this allele awaits further

replication efforts in each disease.

Genetic data from some linkage studies also suggested

that the area of chromosome 1 in which PTPN22 is found

(1p13) is contained in linkage peaks for CD10 and MS.11–13

However, 1p has not emerged consistently as a risk locus

for either disease. Furthermore, meta-analyses of linkage

scans in each disease14,15 and a recent high-density linkage

scan in MS16 did not provide evidence for a risk locus on

1p. These data suggest that an effect of PTPN22 620W on

risk of MS or CD, if it exists, may be modest.

A large sample of North American subjects of European

ancestry with MS was recently genotyped for the PTPN22

SNP, and this analysis revealed no statistically significant

evidence that 620W was associated with susceptibility to

MS.3 Since then, three other small studies have provided

further evidence that the 620Wallele has little or no role in

susceptibility to MS.9,17,18 One of these studies analyzed

the sample collection of the multiple autoimmune disease

genetics consortium (MADGC)9 which also contains 40

cases of inflammatory bowel disease (a diagnostic category

that includes patients with CD as well Ulcerative Colitis)

and reported no evidence for association of IBD with

PTPN22 620W in this small sample. More recently, 455 CD

cases from Canada19 and 146 CD20 cases from Germany

failed to demonstrate association between PTPN22 620W

and CD. Our study extends these assessments and pools all

available data to demonstrate that PTPN22 620W does not

have a strong effect on susceptibility to either CD or MS.

Materials and methods
Subjects

All affected MS subjects have a diagnosis of MS according

to the Poser criteria21 and are of European descent. All

individuals in the UK cohort gave written informed

consent for genetic analysis. The study has ethical approval

from the Anglia and Oxford Multicentre Ethics Committee.

All affected CD subjects fulfill clinical criteria for CD22 and

were consented using a common protocol approved by the

institutional review boards of each institution contributing

samples in Québec. This collection consists of 169 trios as

well as an independent 249 subjects with CD and their 207

matched control subjects. No significant heterogeneity was

noted between the allele frequencies in the two CD sample

collections or the novel and published MS collections.

Genotytping

All samples were genotyped for rs2476601 using the

Sequenom MassArray system as described previously.23

The genotyping success rate was 97.3% for the MS samples

and 93.0% for the CD samples. Genotypes did not deviate

from Hardy–Weinberg Equilibrium (HWE; P-value 40.01).

there was a Mendelian error (ME) rate of 0.002 in the MS

sample and 0 in the CD sample.

Statistical analysis
Association testing Genetic association was assessed by

the transmission disequilibrium test (TDT)24 for collections

consisting of trios, as implemented by GENEHUNTER.25

Association in cases and controls was determined by a

standard w2 test performed on a 2�2 contingency table.

Combining analyses We computed a pooled estimate of

the odds ratio (OR) using the logit method to combine data

from different sources, and then derived a confidence

interval for the OR as performed for a single 2�2 table, as

described previously.26

Results
In the 496 MS trios from the UK, the 620Wallele frequency

of 10% in the UK sample is similar to the reported allele

frequency in North American populations of European

descent. 1 –4,9 TDT analysis reveals that there is no evidence

of association of the 620Wallele in our MS samples, in fact,

there is a nominally significant undertransmission of this

allele (Table 1, P¼0.016). To derive a more accurate

assessment of the role of this allele in MS using a family-

based approach, we combined our data with the MS trio

data collected by Begovich et al.3 The latter 582 North

American MS trios of European ancestry from the UCSF

collection represent the majority of the cases reported by

Begovich et al,3 and all cases fulfill McDonald criteria for

MS.27 The combined collection of 877 MS trios of European

ancestry demonstrates no association of MS susceptibility

with 620W (OR 0.84, 95% CI 0.66–1.06) (Table 1). To

incorporate all extant data on PTPN22 in MS, we also

performed a pooled analysis that combines all of the trio

data as well as three published case/control studies.9,17,18
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This analysis also failed to demonstrate association of MS

susceptibility with PTPN22 620W (OR 0.95, 95% CI 0.81–

1.12) (Table 1). Finally, a recent report suggests that the OR

for an association of 620W with RA susceptibility in a large

Swedish cohort is much greater in males (1.76) than

females (1.19) (R. Plenge, personal communication). We

therefore stratified the pooled trio data by gender but saw

no significant evidence of association with MS suscept-

ibility with either gender (data not shown).

To examine subjects with CD, we genotyped 169 trios as

well as 249 cases and 207 control subjects collected in the pro-

vince of Québec, Canada. The minor allele frequency of 0.08

for 620W in the CD trio samples is similar to those descri-

bed in other populations of European descent,1 –4,9,17,18

but the frequency of 0.04 in the case/control sample is

less than expected. The combined TDT and case/

control analysis reveals no evidence of association of the

620W allele of PTPN22 with susceptibility for CD in our

subject sample (OR 1.18, 95% CI 0.76–1.84) (Table 2).

A pooled analysis (Table 2) that combines our data with

those of the other significant studies of PTPN22 in

CD19,20 similarly demonstrates no evidence of association

between PTPN22 620W and susceptibility to CD (OR 1.04,

95% CI 0.80–1.37). An analysis stratified by gender also

did not reveal a significant association (data not shown).

This pooled analysis of CD collections is substantial, but,

given the modest OR’s associated with the PTPN22 620W

allele in other diseases, this analysis should not be

considered as definitive in the evaluation of the role of

PTPN22 in CD.

Table 1 TDT Analysis of MS trio populations and pooled analysis for association with the 1858T allele of PTPN22 which
codes for the 620W amino acid allele

MS sample collections
Subjects with

MS
T:U (1858T

allele)
# 1858T

(freq) cases
# 1858T (freq)

controls OR (95% CI)

Trio studies
1. UK MS trio 496 63:93 0.677 (0.492–0.933)
2. UCSF MS3 381 67:63 1.063 (0.754–1.500)
All trios 877 130:156 0.835 (0.661–1.056)

Case/control studies
3. MADGC9 120 20 (0.083) 351 (0.085) 0.978 (0.611–1.566)
4. Spain MS17 120 21 (0.088) 26 (0.065) 1.379 (0.758–2.510)
5. UK MS C/C18 379 82 (0.108) 123 (0.103) 1.052 (0.783–1.414)

Pooled analysis
All studies (1–5) 1496 0.950 (0.806–1.120)

The MS trio collection from the UK genotyped as part of this study is sample collection 1. The analysis of the UCSF MS trio samples (collection 2) used
genotype data obtained from Dr J Oksenberg.3 The frequency of the 1858T allele in the case and control subjects of collections 3–5 was obtained from
three published studies.9,17,18 For example, the MADGC study reported 20T alleles among its 120 subjects with MS and 351T alleles among its 2064
control subjects. The pooled analysis uses the logit method to combine data from all five separate studies, as described in the Materials and methods
section; as a result, healthy control subjects from collections 1 and 2 are not used when each of the three case/control logit values (collections 3–5) are
calculated. The frequency of the 1858T allele in the parents of the UK trio sample (1) is 0.098 and the frequency of the parents of the UCSF trio sample
(2) is 0.101.

Table 2 Pooled analysis of CD samples for association with the 1858T allele of PTPN22 which codes for the 620W amino acid
allele

CD sample collections Affected Subjects T:U # 1858T (freq) cases # 1858T (freq) controls OR (95% CI)

Newly genotyped collections from Québec, Canada
1.Triosa 169 21:18 1.167 (0.622–2.188)
2.Case/control 249 30 (0.048) 16 (0.040) 1.194 (0.642–2.219)
All new cases (1&2) 418 1.180 (0.759–1.836)

Published reports
3.Canadian C/C19 455 68 (0.075) 25 (0.067) 1.147 (0.713–1.843)
4.German C/C20 146 25 (0.086) 53 (0.104) 0.804 (0.488–1.323)

Pooled analysisb

All studies (1–4) 1019 1.044 (0.796–1.369)

aThe frequency of the 1858T allele in the parents of sample population (1) (trios from Québec) is 0.083.
bThe samples from the MADGC collections (40 cases of IBD)9 are not added to the pooled analysis given the limited number of individuals with CD.
The allele frequencies for sample collections (3) and (4) were obtained from published data.19,20

PTPN22 in multiple sclerosis and Crohn’s disease
PL De Jager et al

319

European Journal of Human Genetics



Discussion
Reported estimates of the OR for 620W association

with disease vary significantly from one study and

one disease to another; however, an OR of 1.3 has

clearly been observed for this allele in certain SLE and

RA studies4 (Plenge, personal communication). Taking

the OR as a rough estimate of GRR, we therefore cannot

rule out that the 620W allele is associated with suscept-

ibility to MS or CD. With the pooled MS sample of

1496 affected subjects, we have an estimated 89%

power to exclude an OR 41.3 but only 59% power to

exclude an OR 41.2 (assuming a multiplicative model

of disease risk, allele frequency of 0.1, and an a of

0.05)(Genetic Power Calculator, http://statgen.iop.kcl.

ac.uk/gpc/).28 Thus, it appears that the PTPN22 620W

allele does not have a strong effect on risk of MS. It is

intriguing that the 496 trios from the UK genotyped as part

of this study demonstrate a nominally significant over-

transmission of the major R620 allele. Given the lack of

supporting evidence for this observations in the other

studies3,9,17,18 and the pooled analysis, this observation is

likely to represent a statistical fluctuation. However, since a

detailed haplotype-based analysis of the PTPN22 gene has

not yet been performed in subjects with MS, we cannot rule

out the possibility of allelic heterogeneity. An MS risk allele

could exist and be in linkage disequilibrium with the

PTPN22 R620 allele.

The CD sample is smaller than the MS sample and

has a somewhat lower frequency of the 620W allele;

therefore, we cannot exclude the possibility that

PTPN22 has a modest effect on susceptibility to CD.

With the pooled analysis of 1019 cases of CD, we have

an estimated 56% power to exclude an OR of 1.3 and

92% power to exclude an OR of 1.5 for the PTPN22

620W allele (assuming a multiplicative model of

disease risk, allele frequency of 0.06, and an a of

0.05)(Genetic Power Calculator, http://statgen.iop.kc

l.ac.uk/gpc/).28 Thus, while evidence mounts that the

620Wallele of PTPN22 may have an effect on susceptibility

to T1D, RA, AIT, and SLE, the evidence so far points

to a lack of association between this allele and suscept-

ibility for either MS or CD. However, additional subjects

from other collections will be needed to definitively

exclude a role for the 620W allele of PTPN22 in these

diseases.
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