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The expanding genetic overlap between multiple sclerosis
and type I diabetes

International Multiple Sclerosis Genetics Consortium (IMSGC)

Familial clustering of autoimmune disease is well recognized and raises the possibility that some susceptibility genes may
predispose to autoimmunity in general. In light of this observation, it might be expected that some of the variants of established
relevance in one autoimmune disease may also be relevant in other related conditions. On the basis of this hypothesis, we
tested seven single nucleotide polymorphisms (SNPs) that are known to be associated with type I diabetes in a large multiple
sclerosis data set consisting of 2369 trio families, 5737 cases and 10 296 unrelated controls. Two of these seven SNPs showed
evidence of association with multiple sclerosis; that is rs12708716 from the CLEC16A gene (P¼ 1.6� 10�16) and rs763361
from the CD226 gene (P¼ 5.4� 10�8). These findings thereby identify two additional multiple sclerosis susceptibility genes and
lend support to the notion of autoimmune susceptibility genes.
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Introduction

The increased risk of a second autoimmune disorder
seen in the families of individuals who develop multiple
sclerosis is well recognized.1,2 Such findings imply that
certain genetic variants may increase susceptibility to
autoimmune disease in general as opposed to influen-
cing the development of one specific condition. Under
this hypothesis, the loci associated with one autoimmune
disorder are reasonable candidates for other autoim-
mune disorders. To explore this rationale and possibly
expand our understanding of genetically determined
susceptibility to multiple sclerosis, we examined seven
single nucleotide polymorphisms (SNPs) shown to be
unequivocally associated with type I diabetes (T1D).3

These SNPs were typed in a large multiple sclerosis data
set consisting of 2369 trio families, 5737 cases and 10 296
unrelated controls. Samples were recruited from across
six countries, namely Australia, Belgium, Norway,
Sweden, the United Kingdom and the United States. A
population-specific breakdown of the samples consid-
ered is shown in Table 1, whereas basic marker
performance characteristics for the seven SNPs analysed
are shown in Supplementary Table S1.

Results and discussion

Each marker was tested for evidence of association in the
case–control samples using the Cochran–Mantel–Haenszel
test (treating each population-specific set of samples as a
separate stratum) and in the trio family using the

transmission disequilibrium test.7 The results of these
analyses are shown in Table 2. In a combined analysis
using all available case–control and trio family data (23 140
individuals), the strongest evidence of association was
identified for rs12708716 from the C-type lectin domain
family 16, member A (CLEC16A) gene (P¼ 1.6� 10�16)
followed by rs763361 from the CD226 gene (P¼ 5.4� 10�8).
For both genes, the allele associated with increased risk for
multiple sclerosis was identical to that showing evidence
of association with T1D.3 Using the Breslow–Day test, we
found no evidence of any heterogeneity of effect between
the populations for any of the tested markers. These data
establish two further multiple sclerosis susceptibility loci
in addition to those recently identified.8–10 For a third SNP,
rs3184504, located in exon 3 of the SH2B3 gene, evidence of
association (P¼ 4.4� 10�06) was also identified in the same
direction as in T1D.3 This SNP leads to an amino acid
change (Arg262Trp) in the pleckstrin homology domain. It
is notable that the C allele (Arg) is conserved within
closely related species, and that the risk allele T (Trp) is
common in Europeans (46–52% in the populations
investigated here) but virtually absent in African or Asian
populations (o1% in HapMap data). For each of the other
SNPs, there was no significant evidence of association with
multiple sclerosis.

Only two of the seven T1D-associated SNPs tested
here (rs12708716 and rs2292239) were included on the
Affymetrix 500 k chip, which was utilized in our recently
completed genome-wide association screen in multiple
sclerosis.11 Of these two SNPs, only rs2292239 passed the
stringent quality control thresholds employed in the
screen and, in accordance with the data presented here,
showed no evidence of association in the screen.11

Although rs12708716 failed to generate reliable data
and was therefore not assessed in the screen, a second
SNP from within the CLEC16A gene (rs6498169) was
analysed and emerged as the fourth most strongly
associated locus identified in the extended analysis of
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our genome-wide association screen (P¼ 3.83� 10�6).11

Not surprisingly, HapMap data show that there is
extensive linkage disequilibrium between rs6498169
and rs12708716 (D0 ¼ 1.0 and r2¼ 0.259).

CLEC16A is located 20 kb centromeric to the major
histocompatibility complex, class II, Transactivator
(MHC2TA) on chromosome 16p13.3. The MHC2TA gene
which we (TO, JH, JRO and JLH) and others have
investigated earlier as a potential candidate in multiple
sclerosis shows only modest linkage disequilibrium with
rs12708716 and has yielded conflicting results in smaller
data sets.12–14

Little is known regarding the function of the CLEC16A
protein; however, it is shown to be highly expressed on B
lymphocytes, natural killer and dendritic cells. Other
members of the C-type lectin family such as CLEC4A2

(also known as DCIR) have been linked to autoimmunity
in rodent models,15,16 raising the possibility that such
proteins may be involved in maintaining immune
homeostasis through their carbohydrate-binding func-
tion. However, despite its name, CLEC16A is probably
not functionally active through this mechanism because
functionally active carbohydrate-binding C-type lectin
domains are usually 4200 amino acids long, whereas the
C-type lectin domain on CLEC16A is only 22 amino acids
long and lacks a carbohydrate-binding site.3 Todd et al.3

have suggested that the immunoreceptor tyrosine-based
activation motif on CLEC16A is a more convincing
functional element. Further work needs to be undertaken
to understand the function of this gene and subsequently
what possible role it may play in multiple sclerosis
pathogenesis.

Table 1 Demographic feature of affected individuals

Population Cases Controls Trios Average

Age (years) Disease duration (years) EDSS RR/SP (%) PP (%)

Australiaa — — 356 47.2 14.3 3.3a 93.0 7.0
Belgium 398 461 113 47.0 15.0 5.4 91.2 8.8
Norway 644 1023 — 46.3 14.3 4.8 81.4 18.6
Swedenb 1014 1173 — 45.6 14.6 4.2 93.2 6.8
United Kingdomc 2370 7078 1143 44.2 12.9 4.1 90.7 9.3
United Statesd 1311 561 757 44.3 12.4 4.1 94.8 5.2

Abbreviations: EDSS, expanded disability status scale; PP, primary progressive; RR, relapse remitting; SP, secondary progressive.
All patients were diagnosed according to recognized clinical criteria4,5 and had DNA extracted using standard methods. All samples were
collected with informed consent and appropriate ethical approvals.
aThe EDSS was not determined for these patients; instead, the average ‘disease steps’ measure is shown.6
bOnly three SNPs were typed in this population (rs3184504, rs12708716 and rs763361).
cThe case data set from the United Kingdom includes 856 from the Northwest of the United Kingdom and 513 from South Wales with the
remaining coming from across the whole of the United Kingdom (with an emphasis on the Southeast). The SNP rs2292239 was not typed in
the Northwest cases. The control data set includes 6591 individuals from the 1958 Birth Cohort. The accompanying paper by Hafler et al.
included 993 cases (39%), 6278 controls (89%) and 724 trio (63%) families from the UK data set we considered in our analysis.
dThis population was not typed for rs1990760. The accompanying paper by Hafler et al. included 1041 cases (77%), 415 controls (76%) and 559
trios (64%) families from the US data set we considered in our analysis.

Table 2 Results from association testing

Gene SNP Alleles Risk allele Case–controla Trio familyb Combined

P-value Odds ratio P-value Odds ratio P-value

CLEC16A rs12708716 G/A A 6.1E-12 1.20 (1.14–1.26) 0.00039 1.18 (1.08–1.29) 1.6E-16
CD226 rs763361 T/C T 1.6E-06 1.13 (1.07–1.18) 0.011 1.11 (1.02–1.21) 5.4E-08
SH2B3 rs3184504 T/C T 6.7E-05 1.11 (1.05–1.16) 0.19 1.06 (0.97–1.15) 4.4E-06
PTPN2 rs1893217 G/A A 0.043 1.08 (1.00–1.16) 0.097 1.10 (0.98–1.24) 0.0028
ERBB3 rs2292239 T/G G 0.085 1.05 (0.99–1.11) 0.86 1.01 (0.92–1.10) 0.041
IFIH1 rs1990760 C/T C 0.16 1.05 (0.98–1.11) 0.89 1.01 (0.91–1.12) 0.24
PTPN2 rs478582 C/T C 0.53 1.02 (0.96–1.07) 0.34 1.04 (0.96–1.14) 0.13

Abbreviations: CI¼ 95% confidence interval; SNP, single nucleotide polymorphism.
Association analysis was completed using PLINK.7 The combined analysis was performed using the PLINK dfam option, which uses the
Cochran–Mantel–Haesnzel test to combine family-based and case–control data.
For a population-specific breakdown of case–control results, see Supplementary Table S2 and for trio family results see Supplementary
Table S3.
All alleles are specified with respect to the forward strand of the Ensembl genome browser Release 49 (March 2008).
aCochran–Mantel–Haenszel test.
bTransmission disequilibrium test.
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CD226 (also known as DNAX accessory molecule 1,
DNAM1) is a transmembrane receptor of the immuno-
globulin receptor family and functions as a potent-
activating receptor on natural killer cells.17 CD226 is also
upregulated on activated T cells, and thus may function
as a co-stimulatory molecule.18 CD226 recognizes polio-
virus receptor and nectin-2, which are both widely
expressed on most cell types, including neurons,
endothelial cells and fibroblasts. Interaction of CD226
with poliovirus receptor on endothelial cells is involved
in the endothelial transmigration of leukocytes.19 It has
been proposed that the SNP studied here is part of an
exonic splicing silencer sequence that results in de-
creased splicing of exons 6 and 7.3 Anti-CD226 treatment
in the experimental autoimmune encephalomyelitis
model results in delayed onset and reduced severity of
disease.18 The mechanism for this effect of CD226
blockade on experimental autoimmune encephalomyeli-
tis could be at the level of altered T-cell activation,18

altered monocyte extravasation19 or altered natural killer
cell responsiveness towards target cells.17

Most, if not all, autoimmune diseases show association
with common variation in the human leukocyte antigen
(HLA) genes from the major histocompatibility complex
(MHC) on chromosome 6p21. In the case of multiple
sclerosis, risk is substantially increased by carriage of
DRB1*1501,20 an MHC haplotype that exerts a marked
protective effect against the development of T1D. It is not
surprising, therefore, that a familial clustering of these
two diseases is strongest in populations such as in
Sardinia, where DRB1*1501 is uncommon in the general
population.21

The IL2RA (CD25) region, which we have recently
replicated as associated with multiple sclerosis,10 is also
implicated in susceptibility to T1D22 and rheumatoid
arthritis,23 although it is not yet clear whether this
actually corresponds to the same effect. Among the
additional T1D susceptibility genes investigated here,
CLEC16A is associated with autoimmune Addison’s
disease (primary adrenal insufficiency)24 and SH2B3
with celiac disease,25 and possibly rheumatoid arthritis
and Crohn’s disease.23 Our data add to this emerging
picture that the T1D susceptibility genes CLEC16A,
CD226 and possibly SH2B3 also influence susceptibility
to multiple sclerosis and quite likely to autoimmunity in
general. For the remaining three genes, PTPN2, ERBB3 or
IFIH1, the lack of evidence of association with multiple
sclerosis may indicate that the tested variants are
susceptibility factors specific to only a few autoimmune
diseases. However, we cannot rule out that other
untested variants within these genes may have an effect
in susceptibility to multiple sclerosis.

This study contributes further evidence to the concept
that genetic susceptibility to autoimmune disease may be
a mosaic of common sets of pleiotropic alleles as well as
effects specific to one or a few diseases. Mapping of the
commonalities of and differences between autoimmune
diseases in studies like ours may provide essential clues
to a better understanding of their pathogenesis.26 It is
important to point out that although the data presented
here establish these associations in multiple sclerosis,
they do not confirm these particular SNPs as causative
variants. Extensive fine mapping and functional studies
will be required to establish these important additional
details.
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