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Summary

A combined linkage analysis was performed in
1435 multiplex families with 1636 affected sib-
pairs. In addition to the HLA region (IDDM1,
on chromosome 6p21), nine non-HLA-linked
regions showed evidence of linkage to type 1 
diabetes, including three at (or very close to)
genome-wide significance (2q31–q33,
10p14–q11, 16q22–q24), as well as evidence
supporting linkage for the 6q21 region. As one
of the largest studies ever performed, this work
provides significant information in favour of sus-
ceptibility loci on these chromosome regions but
fails to support some previously suggested loca-
tions. It clearly illustrates the importance of such
large multicase family genome scans for delin-
eating the precise loci to be further explored.

Comment

Since type 1 diabetes is strongly clustered in cer-
tain families, application of genome-wide analy-
ses to multiplex families is logically expected to
provide important insights into the identification
(or refutation) of genetic loci conferring signifi-
cant susceptibility (or protection) to this disease.
Such a large analysis was performed in this
study, under the auspices of the Type 1 Diabetes

Genetics Consortium (www.t1dgc.org), after
combining four datasets: three previously pub-
lished genome scans (UK, USA and Scandi-
navia) and one set of 254 families newly assem-
bled for this objective. Such merging and joint
analyses of existing families are required to clar-
ify the role of non-HLA-linked loci in type 1 dia-
betes. In the present study, the locus-specific risk
ratio and statistical significance (p = 10−4) were
very high, since each genome scan included
around 400 polymorphic microsatellite markers.

The strongest evidence of linkage to type 1
diabetes was on chromosome 6p21 in the HLA
region, in agreement with the knowledge that
approximately 40% of the familial risk of type 1
diabetes is due to allelic variation of HLA loci in
the major histocompatibility complex (MHC)
region.The same analysis also identified non-
HLA regions with evidence supporting linkage
to type 1 diabetes, including 2q31–q33 (IDDM7
and IDDM12), 10p14–q11 (IDDM10) and
16q22–q24. Chromosomes 7, 8, 18, 20, 21 and
22 did not harbour any loci conferring suscepti-
bility to type 1 diabetes, nor did the majority of
chromosome 6 outside the 6p21/MHC region.
Interestingly, extensive areas (>50%) on chro-
mosomes 16, 19 and X could not be excluded
and should be explored by further genotyping.
Thus the increased sample size of families
enabled the exclusion of more than 80% of the
human genome for locus-specific and popula-
tion-independent susceptibility regions.

Using t-statistic and taking into account
genetic distance, an HLA-independent effect
was also strongly supported for the IDDM15
(6q21) region. A linkage to this IDDM15 locus
has been previously reported [1], but both the
identification of the responsible gene(s) and fur-
ther definition of the effects exerted by this locus
require further study.

The IDDM12 locus in the 2q31–q33 region
partially corresponds to single nucleotide poly-
morphisms in the 3′-untranslated region of the
T-cell regulator CTLA4 gene [2]. However, the
presence of other loci in this region is suggested
by the study to fully account for the magnitude
of the observed evidence of linkage.

The study confirms linkage of type 1 diabetes
to 10p14–q13 (IDDM10). Since previous associ-
ation studies have suggested that GAD2 is not a
susceptibility locus, further studies are needed to
identify the functional gene(s).

The evidence for a type 1 diabetes susceptibil-
ity locus on chromosome 6p12–q11.1 should be
considered with the reported linkage to chromo-
some 16p in UK families with early-onset
rheumatoid arthritis [3].The overlap of loci with
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susceptibility to different autoimmune diseases is
certainly not coincidental.

The overlap of loci with susceptibility to
different autoimmune diseases is

certainly not coincidental

Several studies [4–6] have reported an associa-
tion of type 1 diabetes with alleles in the
PTPN22 locus (chromosome 1p13), which
encodes a lymphoid-specific tyrosine phos-
phatase (LYP) and is also associated with
autoimmune thyroiditis, rheumatoid arthritis
and systemic lupus erythematosus [7].The
absence of linkage of type 1 diabetes to chromo-
some 1p13 in the present study is not surprising
given the magnitude of the PTPN22 association
with type 1 diabetes, in particular the low locus-
specific genetic risk ratio.This means that 
the 1p13 region should not be excluded in
future larger studies and the same applies to 
the 1q42 region.

In addition, the current study reported the
absence or very little support for linkage to type
1 diabetes of previously reported loci including
chromosome 8q, IDDM4 (11q13), IDDM6
(18q12–q21), IDDM9 (3q22–q25), IDDM11
(14q24–q31), IDDM16 (14q32), IDDM17
(10q25) and IDDM18 (5q33). As suggested by
Concannon et al., these putative type 1 diabetes
susceptibility loci may represent either false-pos-
itive results or have very small effects that may
be more easily detected in certain populations
(because of variation in allele frequencies or
other factors such as the possibility of popula-
tion-specific genetic or environmental effects).
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Summary

The EURODIAB study is a clinic-based study
comprising 31 centres in 16 European countries.
A random sample of subjects stratified by age
and diabetes duration was drawn from patients
attending each participating clinic.The primary
aim of the study was to examine the prevalence
of late diabetic complications in Europe and to
establish a cohort that could be used for future
identification of risk factors/prognostic markers
in relation to the subsequent development of late
diabetic complications.

The baseline examination in the EURODIAB
study also included fundus photography (two-
field 45° photography) and the photographs
were sent to a central reading center (Hammer-
smith Hospital, London) for independent and
blinded reading.The patients were classified into
three groups at baseline: no retinopathy, non-
proliferative diabetic retinopathy and prolifera-
tive diabetic retinopathy.

The aim of the study was to analyse whether
retinopathy predicts subsequent development of
cardiovascular disease (CVD) and predicts all-
cause mortality independently of established risk
factors for CVD.This was done by a 6- to 8-year
follow-up examination of all surviving members
of the cohort, combined with a careful and stan-
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