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Summary. A polymorphic DNA sequence in the 5'-flanking
region of the human insulin gene was studied in relation to
Type 1 (insulin-dependent) diabetes. In 141 Caucasoid sub-
jects analysed by Southern blot hybridisation techniques, two
major DNA insertions were observed: a Class1 allele or a
Class 3 allele. The Class?2 allele was not observed in this
group of subjects. Genotype frequencies in a control popula-
tion (n -=88) were: homozygous 1/1, 42%; heterozygous 1/3,
50%; and homozygous 3/3, 8%. Corresponding genotype fre-
quencies in 53 Type1 diabetic patients were 79%, 21% and
0%, respectively (p <0.0005 from x? test). This confirms prev-

alence data reported by Bell et al. [16]. There appeared to be
no coinheritance with HLA-DR3/DR4 related antigens, nor
with autoimmune features. Analysis of 17 Type 1 diabetic ped-
igrees including 34 diabetic and 69 non-diabetic subjects did
not demonstrate genetic linkage of these DNA inserts with
diabetes, using an autosomal recessive, single locus model of
inheritance.
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Although associations of Type1 diabetes with HLA
DR3 and DR4 antigens exist [1, 2], these are not alone
sufficient to account for all of the genetic component of
this disease. Investigators have therefore proposed a
two locus model of inheritance for Type1 diabetes
[3-5]. Recently, Hodge et al. reviewed 27 possible genet-
ic markers for Type 1 diabetes in 100 families [6]. They
confirmed genetic linkage of diabetes with the HLA an-
tigens, properdin factor B, and glyoxalase, all of which
are coded for by genes on the short arm of chromosome
6. In addition, they investigated the possibility of non-
chromosome 6 markers (on chromosomes 1, 2, 4, 9, 13
and 16) but failed to find any evidence for such associa-
tions, except weakly with the Kidd blood group (chro-
mosome 2). However, when their data were pooled with
those from the Minnesota families [7], linkage of this
blood group with Type 1 diabetes was not confirmed.
The human insulin gene locus is situated on the
short arm of chromosome 11 [8] and near this locus
(within 363 base pairs from the start of insulin gene
transcription) a highly polymorphic region has been
identified [9]. In Caucasoid populations this region can
be divided into two main DNA-insertion classes (small,
Class 1; or large, Class 3) distinguishable by the number
of tandem repeats of a 14-base-pair nucleotide se-
quence [10]. As approximately 50% of individuals are
heterozygous with respect to the length of the DNA in-
sertion at this point, it is possible to use this as a genstic
marker on chromosome 11 in proximity to the insulin
gene. Associations of this region with the Class 3 DNA

insertion have been observed for Type 2 (non-insulin-
dependent) diabetes [11-13], diabetic hypertriglycerid-
aemia [14] and atherosclerosis [15]. Recently, Bell et al.
[16] have demonstrated an association of Type 1 diabe-
tes with the Class 1 insertion. We have attempted to ver-
ify the latter association of Type 1 diabetes and adopted
an alternative approach of looking for genetic linkage
of this polymorphism adjacent to the insulin gene using
pedigree analysis. In addition, we have investigated the
possibility of certain HLA-DR types or autoimmune
features segregating with the Class 1 allele.

Subjects and methods

Diabetic subjects

Fifty-three unrelated Caucasoid Type1 diabetic subjects were ex-
amined. Type1 diabetes was defined by acute onset of symptoms
(maximum several weeks) with weight loss, polyuria and polydipsia
with an age of onset before 35 years, or an episode of diabetic ketoaci-
dosis. Thirty-four were recruited from the Barts-Middlesex-Windsor
family study [1] (the eldest sibling in each pedigree studied) and the
rest were sequentially selected from the diabetic clinic at St. Bartholo-
mew’s Hospital. Clinical details of this group (mean=SD) age
26.6+16.7years; age at onset of diabetes 15.2+11.1 years, range
9 months to 46 years; 36 were male and four subjects were above the
accepted weight range for height (from the recommendations of the
Fogerty Centre Conference on Obesity [17] and based on the original
Metropolitan Life Insurance Tables 1959). All patients were on insu-
lin treatment and seven had diabetic complications (including macro-
angiopathy, proliferative retinopathy, cataracts, neuropathy and nec-
robiosis lipoidica).
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Fig.1. Seventeen pedigrees ana-
lysed for linkage of Type 1 diabetes
with the Class 1 allele. Numbers un-
] ® der the family symbol represent in-
fa/lb 1a/tb 1a/3 1 1/1 11 1/3 11 11 1/3 11 sulin genotypes (1= Class 1 allele,
16 1 3=Class 3 allele). Lod score analysis
%—‘ o H;—O of all the families gave a value of
/ 3 —1.79 at a recombination fraction
of 0 using an autosomal recessive
model of inheritance with 50% pen-
(L etrance. O =unaffected male; O =
unaffected female; & [ = member
3/3 1/3 1/3 3/3 11 1/3 173 1/1 1,1 1/1 1/3 deceased; @ M = member diabetic
Control subjects HLA-DR4/HLA-DR4; family Nos. 1, 3, 5,7, 9, 10, 11, 12, 14, 15, 16,

Eighty-eight Caucasoid subjects were studied as described previously
{11]. None had a family history of diabetes and all had fasting blood
glucose levels <6mmol/l (mean+SD, 4.2+ 0.67 mmol/1). Clinical
details were (mean = SD) age 46.6 +14.4 years; 55 were male and 32
were above accepted weight range for height.

Diabetic pedigrees

Seventeen families were serially selected from the Barts-Middlesex-
Windsor family study with emphasis on pedigrees with at least two
members with Type 1 diabetes (n = 15). The family tree of each family
is presented in Figure 1. In 34 diabetic subjects the mean (£ SD) age
was 30t 17 years, 17 were male and mean (+ SD) age at onset was
17 £ 15 years. In 69 non-diabetic subjects, the mean (+SD) was 34+
16 years and 41 were male. At least one Type 1 diabetic in each family
has had circulating islet cell antibodies during their illness, and in
twelve families there is an association of diabetes with a high-risk
HLA genotype (i.e. HLA-DR3/HLA-DR3, HLA-DR3/HLA-DR4,

17). In eight families there is a first degree history of Type 2 diabetes
(family nos. 1, 3, 5, 8,9, 10, 15, 17).

DNA analysis

DNA was prepared by the method of Kunkel et al. [18] from thawed
10 ml blood samples anticoagulated with EDTA, which was then di-
gested for 16 h (according to manufacturers specifications) with either
restriction enzymes Sst I, Bgl I (Bethesda Research Laboratories,
Cambridge, UK) or Rsa I (New England Bio Laboratories, Beverly,
Mass., USA). The digested DNA was ¢lectrophoresed on a 1% aga-
rose gel, transferred to nitrocellulose filters by the method of Southern
[19] and hybridised to a **P-labelled insulin gene probe (kindly donat-
ed by Dr. G.L Bell, San Francisco, California, USA) containing the
entire coding sequence and close flanking regions of the human insu-
lin gene. Hybridisation bands were visualised by autoradiography
and sized by comparing with Hind ITI digested A phage (Bethesda Re-
search Laboratories).
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Fig.2. Autoradiograph of insulin gene fragments (Bgl I digestion).
Tracks A-E are DNA samples from the blood of five patients after
digestion with restriction enzyme Bgl I (for 108 assays) studied by
Southern-blot techniques [19] and hybridised to a 32P-labelled DNA
sequence containing the human insulin gene and closely flanking re-
gions (—59 - 1600 base pairs). Sizes (in kilobases) of hybridisation
bands are indicated to the lefi of the figure. Below the autoradiogram
is a restriction enzyme map showing the cutting sites of Bgl I (indicat-
ed by arrows); the box represents the insulin gene and the triangle the
polymorphic region. In other experiments the restriction enzyme
Rsa I (for 158 assays) or Sst I (for 71 assays) was used

Table 1. Genotype distribution and allele frequencies of the polymor-
phic locus adjacent to the insulin gene in Type 1 diabetic patients and
control subjects

Insulin genotype Allele frequency
171 1/3 3/3 Class1  Class 3
Type 1 42 (79%) 11(21%) 0(0%) 0.90 0.10
diabetic
patients
(n=53)
Control 35(42%) 44 (50%) T(8%) 0.67 0.33
subjects
(n=2388)

A 3x2 y? test for differences in DNA insert frequencies between dia-
betic and non-diabetic subjects is 19.6 with 2 degrees of freedom (p <
0.0005). Terminology: Following Bell et al. [16]; Class 1 DNA in-
serts=S (small) (11)=L (lower) (13)= —(12); Class 3 DNA in-
serts =L (large) (11)= U (upper) (13)= +(12)

HLA typing

HLA-DR typing was performed by the method of Van Rood et al. [20]
in 44 of the Type 1 diabetic patients and in all family members using
peripheral blood lymphocytes obtained from 20-ml citrated blood
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samples defibrinated with thrombin (two drops, 50 u/1) and calcium
gluconate (0.6 ml, 10%). All ten officially recognized DR specifica-
tions were defined with a minimum of 60 antisera, using a two colour
fluorescent technique.

Statistical methods

Allele frequencies were enumerated from the genotype frequencies.
Initially the overall prevalence data were analysed by y? using a 3 x 2
contingency table. Relative incidence of concordance of diabetes with

pairs of insulin genotypes was calculated from the formula x= };Ii(

where h=number of Type 1 diabetic patients with marker a; H=
number of controls with marker ; k=number of Type 1 diabetic pat-
ients with marker f; K =number of control subjects with markerf.
The 95% confidence limits of x (the relative risk for Type 1 diabetes
with marker «) were calculated by the method of Woolf [21]. Pooled
data from Bell et al. [16] and the present study were analysed similarly.
Preliminary analysis of the pedigrees was performed by compar-
ing the genotype distribution found in the diabetic with that in the
non-diabetic siblings. Linkage of DNA inserts with diabetes was ana-
lysed by lod scores using the computer program LIPED [22]. A lod
score for a family is the logarithm for the ratio of the probability of
that family given a recombination fraction < 0.5 to the probability of
the same family given a recombinant fraction of 0.5 (i.e. no linkage).
Autosomal dominant, intermediate and recessive models were ana-
lyzed with various values of penetrance with a linear age of onset cor-
rection, using identical parameters to those of Hodge et al. [6].

Results

Two main insulin gene-related fragments were observed
depending on the presence of the Class1 or Class3
insertions. The sizes of the DNA fragments detected,
using restriction enzymes Rsa I (cutting sites within the
third coding region of the insulin gene and 5 to the
polymorphic locus), BglI or SstI, were for the Class 1
insertion 2.1+£0.1Kb, 2.7+0.25Kb, 6.2+0.3Kb, re-
spectively, and for the Class3 insertion 3.7+0.3 Kb,
45+04Kb, 7.5£0.2Kb, respectively. Two separate
sized alleles could often be distinguished in patients
homozygous for the Class1 insertion (1a/1b Fig.2).
However, because of the inaccuracies of sizing for the
prevalence data, these alleles were pooled for statistical
analysis. Thus, the genotypes 1/1,1/3 and 3/3 were dis-
tinguished as illustrated on a representative autoradio-
gram (Fig.2). Results from the prevalence data are sum-
marized in Table 1. In Type 1 diabetic patients a prepon-
derance of subjects were homozygous for the Class 1 in-
sertion, i.e. 79% compared with 42% in the control sub-
jects (3 x2 contingency table for differences in genotype
distribution between Type 1 diabetic and control sub-
jects ¥?>=19.6; 2 degrees of freedom; p <0.005).
Comparison of genotypes (1/1 versus 1/3+3/3) in
diabetic and control subjects revealed a relative inci-
dence of 5.3 (95% confidence limits being 2.4-11.6) for
concordance of Type1 diabetes with genotype 1/1
(p <0.005 by the method of Woolf [21]). Distribution of
the HLA-DR types within the unrelated Type 1 diabetic
patient group was similar to that in other studies [1, 2]
with 95% possessing HLA-DR3 or HLA-DR4 or both
antigens. The percentage of diabetic patients with HLA-
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Table 2. LOD score values of individual insulin-dependent pedigrees presented in Figure 1

Family Models of inheritance®
Autosomal recessive Intermediate Autosomal dominant
LOD score® 20% penetrance LOD score®
50% penetrance 20% penetrance
LOD score® LOD score®
8 —0.34 —-0.09 +0.21 +0.32
9 +0.38 +0.31 +0.31 +0.21
10 -0.05 —0.02 —0.01 0.00
11 —0.15 —0.05 —0.02 0.00
12 +0.02 +0.01 0.00 0.00
13 —0.01 0.00 0.00 0.00
14 —0.08 —0.03 —0.02 —0.03
15 +0.50 +0.48 +0.34 +0.28
16 —1.00 —045 —0.04 +0.03
17 -1.07 —0.66 —040 —0.29
Total LOD scores
for all families®
Maximum +0.04 (0.3) +0.10 (0.2) +0.4 (0.0) +0.52 (0.0)
Minimum —1.79 (0.0) —0.52(0.0) 0.0 (0.5) -0.0 (0.5

Families 1-7 were uninformative with respect to linkage analysis.

All lod scores were computed using LIPED with age-of-onset correction. (a) Models of inheritance have been used as suggested by Hodge et al.
[6]; (b) all lod scares are for a combinatjon fraction of 0.0; (¢) a lod score of <—2.0 or > +3.0 suggests no linkage or linkage respectively; —1.79
means the odds against linkage are 60:1; (d) recombination fraction (0) is given in parentheses by corresponding total lod score

DR3 and DR4 individually was 73% and 68% respec-
tively, with 45% possessing both antigens. There was in-
dependent segregation of HLA-DR types and insulin-
related genotypes (1/1 versus 1/3) in the Type 1 diabe-
tes group. The antigen frequencies of HLA-DR3 and
HLA-DR4 in patients with the insulin-related genotype
1/1 were 0.46 and 0.29, respectively, in this group.
Among the diabetics with the genotype 1/1 or 1/3, 44%
and 40% respectively had autoimmune features (i.e. the
presence of circulating islet cell antibodies for longer
than 5 years or presence of organ-specific antibodies).

Distribution of the insulin-related genotypes in the
17 pedigrees are presented in Figure 2. Among diabetic
siblings, 21, 6, and 0 respectively, were homozygous for
the Class 1 allele, heterozygous and homozygous for the
Class 3 allele and numbers of non-diabetic siblings were
28, 11 and 2. Lod score analysis (Table 2) was only sig-
nificant using the autosomal recessive model of inheri-
tance with 50% penetrance and recombination fraction
0.0, the total score for all informative families being
-1.79, indicating the odds against linkage under this
model to be 60: 1. However, linkage under other models
(in particular autosomal dominant) is not excluded.

Discussion

We have found an association between patients geno-
typed homozygous 1/1 and Type 1 diabetes. This con-
firms the findings of Bell at al. [16] in California, who
have also shown an association between Type 1 diabetes
and this genotype in Caucasoid subjects, reporting that
76% of 113 Type 1 diabetic patients were homozygous
for the Class 1 insertion. The allele frequencies of the
Class 1 and Class 3 DNA inserts were: In Type 1 diabe-

tes 0.88 and 0.12, and in control subjects 0.67 and 0.33,
the latter being similar as reported here. Both clinical
studies from London and California are comparable, as
shown by a non-significant heterogeneity y? test (0.33,
2 degrees of freedom). Additionally, we have not found
co-segregation of HLA-DR types or autoantibodies
with the Class 1 allele. These data therefore confirm an
additional association of Type1 diabetes other than
those with markers on the short arm of chromosome 6.

In the pedigree studies, a similar distribution of in-
sulin-related genotypes was found in the non-diabetic
and diabetic siblings. Formal statistical analysis by lod
scores excludes close linkage between the insulin gene
locus and diabetes under one single locus recessive
model, but linkage under a dominant model cannot be
excluded.

The question therefore arises why there is an asso-
ciation in the prevalence study, but no linkage between
Type1 diabetes and subjects homozygous for the
Class 1 allele? Firstly, a possibility exists that the con-
trols are unsuitable as they are older and more obese
than the diabetic subjects. Looking at the subgroups of
our control population matched for age (mean=+SD
30.3x5.6years; n=32), and for acceptable weight
range for height (n =56), the respective genotype distri-
butions (homozygous Class 1, heterozygous and homo-
zygous for Class 3) were 38%, 50% and 12%; and 47%,
43% and 10%, which are still significantly different
from those found in Type1 diabetes. Secondly, the
Class 1 allele is one of many different DNA insertions
whose size varies from 0-600 base pairs in length. Un-
fortunately, using these methods, differences of less
than 100 pairs within this insertion cannot be detected.
There may be thus a specific small allele which asso-
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ciates with Type 1 diabetes, but not with healthy control
subjects. This possibility is currently being investigated
by using a different genomic probe with another re-
striction endonuclease. Thirdly, the diabetic pedigrees
are likely to be heterogeneous. Evidence for this is that
in five families the high risk HLA genotypes are not
found and in eight pedigrees there is a family history of
Type 2 diabetes. Furthermore, the pedigrees study may
be biased by the inclusion of so many families with two
or more affected individuals. Lastly, Type 1 diabetes is
likely to be a polygenic disease requiring the inheritance
of genes at two or more loci, which in addition to en-
vironment factors and immunological predisposition
leads to the development of diabetes. It is therefore not
surprising that using a single insulin genomic probe, the
linkage analysis on a small number of families is nega-
tive; linkage has already been proven with HLA-DR lo-
cus on chromosome 6, and thus penetrance of any insu-
lin-linked gene must be low. For this reason, we ana-
lysed both our patient group and the non-diabetic sib-
lings for coinheritance of HLA-DR antigens with that
of the polymorphic locus adjacent to the insulin gene.
Interestingly, a trend was observed for homozygous 1/1
to associate with HLA-DR3 antigens in the diabetic
group (20 out of 42 compared with 8 out of 56 in the
non-diabetic subjects), whereas HLA-DR4 antigen dis-
tributed equally between the two groups (13 out of 42
versus 14 out of 56, respectively). This result should be
interpreted with caution as it is a comparison within re-
lated individuals.

In conclusion, we have demonstrated an additional
association of Type1 diabetes with patients who are
homozygous for the Class 1 allele in the 5'-flanking re-
gion of the insulin gene on chromosome 11, but have so
far failed to confirm close linkage between the insulin
locus and susceptibility to Type 1 diabetes using single-
locus models of inheritance.
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