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Abstract

Population studies have suggested an
increased frequency of small DNA inser-
tions (class I alleles) 5’ to the insulin gene
in insulin dependent (type I) diabetes
mellitus (IDDM). The present study ex-
amined this relationship within families.
Forty-one families with at least one dia-
betic offspring were studied. Analysis of
the insulin gene polymorphism was per-
formed by digestion of DNA with BglIl,
Ssd, Rsal, or Pvull and hybridisation
with an insulin gene probe or polymor-
phic region specific probes. An increased
frequency of class I alleles was found
among the parents of diabetics (p=0-02),
as well as a trend towards increased fre-
quency of parents homozygous for class I
alleles and matings of two homozygous
subjects. This increased homozygosity
for class I alleles was present in non-
diabetic sibs as well (p=0-01). These re-
sults show that ascertainment through an
offspring with IDDM selects for families
with high frequencies of homozygosity
for the class I allele and thus suggests
that the insulin gene polymorphism is
indeed providing part of the genetic
predisposition to IDDM. When the major
portion of genetic predisposition is pro-
vided by other genes (estimates are that
HLA accounts for 30 to 70% in IDDM),
identification of additional susceptibility
genes becomes difficult. Even when for-
mal linkage analysis is uninformative,
our studies indicate that analysis for
aggregation of specific alleles within
families is a useful approach to this prob-
lem.

Insulin dependent (type I) diabetes mellitus is
a disorder in which the genetic predisposition
has been clearly established.!? The association
of IDDM with certain HLA types, particu-
larly DR3 and DR4, has aided our understand-
ing of the inheritance of this disorder.!? It
appears, however, that the HLA region does
not account for all of the genetic predisposition
to IDDM.*>" It has been estimated that loci in
the HLA region account for from 30% to as
much as 70% of the genetic predisposition.*®
This suggests that another locus or loci must

provide the balance of genetic susceptibility to
IDDM.

A number of candidate genes have been
proposed as non-HLA susceptibility loci, but
most have not been substantiated. There is
some indication that the immunoglobulin
heavy chain allotypes (Gm),%° and the T cell
receptor may be ‘secondary loci’.!>!* The most
convincing data exist, however, for the poly-
morphic DNA region 5’ to the insulin gene.
Although several studies in Caucasoid subjects
have shown an increased frequency of class I
alleles in IDDM populations as compared to
controls,'*¢ attempts to show linkage of this
locus with IDDM in family studies have been
unsuccessful.> 172!

The current study was also undertaken in an
effort to determine if a relationship of the 5’
insulin gene polymorphism with IDDM
existed within families. As described below, it
was shown that family data support a role for
the 5’ insulin gene polymorphism in IDDM
predisposition, even though it is not possible
to show classical linkage.

Material and methods

ASCERTAINMENT

Forty-one Caucasian families were ascertained
through an offspring with IDDM as defined
by National Diabetes Group criteria.?? The
sample was biased towards multiplex pedi-
grees to maximise the ability to test for linkage
using affected sib pair and other linkage meth-
odologies. Of the total, 11 were simplex fami-
lies (the proband the only affected subject in
the family), 20 were multiplex (two or more
affected sibs), and 10 were multiplex/affected
parent families (at least one offspring and one
parent affected). All subjects consented to par-
ticipate following explanation of the purpose
of the study. Seventeen of the families were
ascertained through the Bart’s-Windsor
Family Study, London, six at the University
of California, San Francisco, and 18 at Har-
bor-UCLA Medical Center and Cedars-Sinai
Medical Center, Los Angeles. In 37 of the 41
families, the genotype of both parents was
determined, either by DNA analysis or by
inference from DNA analysis of other family
members. The British families were those pre-
viously studied.!® In four families, it was not
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Representative nuclear family pedigrees ascertained
through IDDM probands. 5" insulin gene polymorphism
genotypes are listed under each member of the pedigree.
Those subjects 1/1 were truly homozygous for the class I
allele within the confines of the methodology. Where
different sizes of class I alleles could be detected these
are described as 1a and 1b. The majority of the families
were not informative for linkage because of a high
frequency of class I alleles, even when different class 1
alleles could be distinguished within a family (for
example, la, 1b).

possible to determine unequivocally both par-
ental genotypes and these families were there-
fore excluded from analysis of the parental
generation. All 41 families were used for analy-
sis of offspring data.

DNA STUDIES

Blood was obtained by venepuncture for the
isolation of DNA from all participants. The
DNA samples were digested with the restric-
tion endonucleases Bgll, Rsal, Sstl, or Poull
according to manufacturers’ instructions, elec-
trophoresed in 0-85% to 1:0% agarose gels,
and blotted onto nitrocellulose filters.*?* The
digested DNA was then hybridised with a P
labelled probe. PHins 214, a 1650 base pair
probe including the entire insulin gene se-
quence, was used for Bgl/l, Rsal, and Ssrl
digests.”® PHins 310, an 879 base pair poly-
morphic region specific probe, was used for
hybridisation to the Poull digests.

STATISTICAL ANALYSIS

Tests of proportions? were used for all com-
parisons of allele frequencies, genotype fre-
quencies, and parental mating type frequen-
cies.

Table 1 Frequency of the insulin gene polymorphism in Caucasian non-diabetic

populations.
Population No of cases Insulin gene allelic frequency
Class I Class III

San Francisco'* Control (n=83) 0-67 0-33
St Louis? Control (n=33) 0-82 018
Copenhagen” Control (n=52) 0-73 0-27
London! Control (n=_88) 0-67 0-33
Aggregate Control (n=256) 0-70 0-30

x? for heterogeneity = 6-38, p > 0-09.
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Results

Examples of representative pedigrees are
shown in the figure. As can be seen, most
families were uninformative for linkage owing
to the common occurrence of homozygosity
for class I alleles in all family members. In an
effort to explain this unexpected finding, a
comparison of the frequency of class I alleles in
the non-diabetic parents was made with pre-
viously reported control population frequen-
cies.!*1927 A control class I frequency of 0-70,
the frequency in the aggregate data set of non-
diabetic Caucasians, was chosen for compari-
son (table 1).

The frequency of class I alleles in the 65
non-diabetic parents, 0-78, was significantly
greater than the control population (p=0-02).
When the nine parents with IDDM are also
included, the frequency of class I alleles (0-79)
is even more significantly increased (p <0-01).
Also increased in frequency among the parents
is homozygosity for class I alleles and matings
where both parents are homozygous for class I
alleles, although these differences do not attain
statistical significance when the parents with
IDDM are removed from the sample (table 2).

The frequency of class I alleles was also
determined in the diabetic and non-diabetic
offspring (table 3). Consistent with the pre-
viously reported increase in class I alleles in
IDDM subjects, the diabetic offspring had a
higher incidence of homozygosity for class I
alleles (0-72) than would be expected based on
control  population gene  frequencies
(p<0-001). Although the incidence of homo-
zygosity was slightly less in the non-diabetic
offspring (0-62), it was still significantly
greater than expected based on non-diabetic
population frequencies (expected frequency
0-49, p=0-01). The difference in homozygo-
sity for class I alleles between the diabetic and
non-diabetic offspring (0-72 v 0-62) was not
statistically significant.

Discussion

The failure to show linkage of the insulin gene
polymorphism with IDDM in family studies
has led some investigators to question the
validity of the population association of class I
alleles with IDDM reported in several stud-
ies.' In actuality, this failure to show linkage is
not surprising when it is assessed in the con-
text that the insulin gene polymorphism is a
‘secondary locus’ rather than a primary (or
major) locus. For major genes, a powerful way
to confirm the association between a disease
and a genetic marker is to show linkage in
families. When the association is strong and
the contribution of the locus is considerable,
linkage can be shown using relatively small
numbers of families, as in HLA and IDDM.?
Unfortunately, the very large numbers of
families needed to test adequately whether
there is indeed linkage with a ‘secondary locus’
which accounts for a more minor proportion of
genetic susceptibility makes it highly unlikely
that studies of sufficient sample size will be
available to test the hypothesis in this fashion.
Less conventional analytic approaches to
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Table 2 Homozygosity for class I alleles in parents of insulin dependent diabetics.

Frequency of 1/1 homozygotes Frequency of 1/1 x 1/1 matings

(expected = 0-49*%) (expected =0-24)

Non-diabetic parents only
All parents

0-59 (n=65), p=0-06%
0-61 (n=74), p=0-02

033 (n=27), p=NS
0-38 (n=137), p=0-02

* Expected calculated from population data (table 1).
+ Statistical comparisons v expected.

Table 3 Homozygosity for class I alleles in sibs of insulin dependent diabetics.

Type 1 diabetic probands

Non-diabetic sibs

(expected = 0-49*) (expected = 0-49)

Proportion of 1/1 subjects

0-72 (n=67), p<0-001+ 0-62 (n=74), p=0-01

* Expected calculated from population data (table 1).
+ Statistical comparisons v expected.

family data are therefore necessary to assess
the role of such ‘secondary loci’.

The aggregation of class I alleles within
families ascertained through an insulin depen-
dent diabetic proband, as indicated in this
study, is indeed a confirmation of the popula-
tion association. The reason why it is not
possible to show linkage is that the vast major-
ity of pedigrees are not informative. The very
reason that they are not informative is that
most family members, regardless of diabetes
status, are homozygous for the high risk class I
alleles. The frequency of class I alleles in the
non-diabetic parents and non-diabetic sibs is
just as high as has been found in the diabetic
population studies. Thus, by ascertaining
these families through a diabetic proband, we
have in actuality selected for families where the
incidence of class I alleles will be high.

Aggregation of high risk alleles in unaffected
family members would not be expected to
occur with genes accounting for a large pro-
portion of disease susceptibility. For a major
locus, such as the HLA region in IDDM,
linkage will be seen rather than familial aggre-
gation. This is shown in table 4, where the
proportion of subjects homozygous for dia-
betes associated HLA class II alleles (in this
case HLA-DR3 and DR4) is significantly
greater in IDDM cases than in their non-
diabetic sibs (0-507 v 0-:366, p<0-001). This
degree of difference contrasts with the analo-
gous comparison reported here for the insulin
gene polymorphism (table 3). Thus, the aggre-
gation of class I insulin gene polymorphism
alleles seen within the families in the current
study, coupled with the failure to show link-
age, suggests both that the population associ-
ation previously reported is genuine and that
this locus accounts for a lesser proportion of

Table 4 Homozygosity for diabetes associated HLA class 11 alleles in insulin
dependent diabetic subjects and their non-diabetic sibs.*

Type 1 diabetic Non-diabetic sibs

probands (n=153)
(n=589)
Proportion homozygous for 0-507 0-366 p<0-001

HLA class II allelest

* Data from continuing family studies of insulin dependent diabetes mellitus.? *
+ ‘Homozygosity’ for diabetes associated alleles defined as HLA DR3/3, 4/4, or 3/4.

disease susceptibility than does the diabetes
locus or loci in the HLA region.

The demonstration of probable segregation
of diabetogenic ‘disease’ alleles as compared to
control ‘non-disease’ alleles at the insulin gene
polymorphism locus within IDDM families as
reported by Thomson ez aP' using the haplo-
type relative risk method,* suggests that, with
large sample sizes and the ability to distinguish
all parental alleles, it can be possible to use
family data to confirm the role of ‘secondary
loci’ in disease predisposition. This method is
fairly insensitive, however, and in the face of
relatively small sample size or homozygosity
for parental alleles will fail to identify accur-
ately the importance of a minor allele. The
problem of homozygosity at the insulin gene
locus for parental alleles can be circumvented
by the use of additional polymorphic markers
in linkage with the insulin gene. Although
Owerbach er al,® in a study of 27 families,
constructed haplotypes based on DNA inser-
tions at the insulin gene, polymorphism of the
tyrosine hydroxylase locus, and a hypervari-
able region adjacent to the Harvey ras
(HRASI1) oncogene and found an increase in a
particular haplotype of the HRAS1 gene with
IDDM, they still did not perform a formal
linkage analysis. Testing for excess aggrega-
tion of the postulated high risk allele within
families, as has been done in this study and the
study of Owerbach er al,*? is thus likely to be a
more sensitive way to ascertain such secondary
loci. This method will enable confirmation of a
population association using family studies
with sample sizes that can be more reasonably
attained in most such investigations.

The primary role of the HLLA region in
genetic predisposition to IDDM is well estab-
lished, although it is now increasingly being
considered that other, non-HLA linked loci
must also be involved.**® Possibly the strong-
est data for involvement of non-major histo-
compatibility loci came from murine models of
IDDM, the BB rat and NOD mouse.>**
These other loci, however, can each only ac-
count for a minor proportion of total genetic
susceptibility of IDDM in man.® The aggrega-
tion of high risk alleles within families, such as
has been shown here for the insulin gene
polymorphism, is an indication of a high fre-
quency of the polygene(s) which increase the
likelihood of a subject developing IDDM.
Within these high risk families, however, the
determinant of which subject or subjects will
actually develop IDDM is HLA, the major
susceptibility locus. However, it is possible
that if not for the occurrence of the ‘secondary
locus’ high risk alleles within the family as
well, the HLA related predisposition would be
inadequate to produce disease.
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