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Maturity onset diabetes of the young is not linked to the
insuli gene

J I BELL, J S WAINSCOAT, J M OLD, C CHLOUVERAKIS, H KEEN, R C TURNER,
D J WEATHERALL

Abstract

Maturity onset diabetes of the young is inherited as an
autosomal dominant condition. Two families with the
disease were studied to determine whether the inherit-
ance of this type of diabetes was linked to the insulin
gene. A cloned insulin gene probe was hybridised to
DNA from the family members and the insulin gene on
each chromosome identified by a different fragment
length polymorphism.
The results showed no linkage between the insulin gene

and the inheritance of maturity onset diabetes of the
young.
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Introduction

The genetic basis of non-insulin dependent diabetes mellitus
remains poorly understood. Although a high level of concordance
exists in twin studies,' a clear pattern of inheritance has not
emerged from family or linkage studies. One reason for this is
the pronounced heterogeneity of the disease.2 A subgroup of
non-insulin dependent diabetes in which genetic analysis might
prove more fruitful was described by Tattersall and Fajans.3 4

This subgroup, referred to as "maturity onset diabetes in the
young," is manifested by non-ketotic diabetes which develops
in early adult life and persists with little progression and few
complications, and it provides several advantages as a subgroup
for genetic analysis. Firstly, it is inherited in a pattern consistent
with an autosomal dominant trait; 5300 of siblings are affected
and 85% of patients have a parent with diabetes. This pattern
of inheritance allows linkage studies to be performed within
families using genetic markers. Secondly, because the disease is
usually expressed at a young age it is often possible to analyse
several generations of one family and avoid inaccuracies that
result from failing to identify subjects who would later develop
diabetes.

Results of linkage analysis of affected families with a wide
range of genetic markers, including the HLA loci, have all been
negative.' The cloning and sequencing of the insulin gene has,
however, led to the discovery of a new marker, a highly variable
length polymorphism adjacent to the 5' end of the insulin gene,
which may be identified by restriction endonuclease gene
mapping.8 Patients with maturity onset diabetes of the young
often show both low insulin concentrations and a poor response
of insulin to glucose challenge7 8; hence it is important to
determine whether a locus in the region of the insulin gene is
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responsible for their diabetes. We have studied two families
with maturity onset diabetes of the young and report the first
linkage analysis between the disease and the insulin gene.
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could be distinguished as being of three different lengths, La, Lb, and
Lc. In family 2 both long (U) and short (L) variable fragments were
identified (fig 2). Analysis of the pedigrees of the families indicated
that the variable region was inherited in a mendelian fashion (fig 3).

Subjects and methods

Family 1-The propositus, subject III 2, had been diagnosed as
having glucose intolerance during her first pregnancy at the age of 23
and continued to be diabetic. Her daughter was identified as a diabetic
at the age of 17. Her father suffered from diabetes and her paternal
grandmother was reported to have had diabetes from an early age.
She had one sibling who had also been diagnosed as having diabetes.
None of these family members required insulin for their diabetes and
there was no evidence of microangiopathic diabetic complications in
affected members.

Family 2-The propositus, subject IV 2, was recognised as diabetic
at age 17. His mother had been diagnosed as diabetic while pregnant
at the age of 24, and his maternal aunt had been thought to be suffering
from diabetes while pregnant in her 20s but the diagnosis was not
confirmed until she was 41. The maternal grandmother of the
propositus had suffered from diabetes from her late teens but never
required insulin, and his great grandfather had also had diabetes
from a young age. None of the diabetic family members had required
insulin.

Paternity was confirmed within each of the families by HLA typing
of all available family members.

Restriction enzyme analysis was performed on DNA extracted from
heparinised blood samples using phenol-chloroform extraction.9 DNA
was digested with Rsa 1 enzyme for six to 12 hours in the appropriate
buffer with 10 units of enzyme and 10 usg of DNA per sample. The
digested samples were subjected to electrophoresis in 1-2% agarose
gel for 24 hours at 1-5 V/cm. The DNA was then transferred to nitro-
cellulose paper by the Southern blotting technique'0 and subsequently
hybridised to the insulin probe (pH Ins 214), which had been labelled
with [a-32p]dCTP (Amersham) by nick translation. Hybridisation
was performed over 24 hours with 20-25 ng of labelled probe per filter
at 42°C in buffer containing 10% dextran sulphate. The filters were
subsequently washed at 65°C and subjected to autoradiography at
-900C.9

Results

Restriction endonuclease analysis of the variable length poly-
morphism was performed using the enzyme Rsa 1, which has several
advantages over the more commonly used Bgl 1 enzyme. Rsa 1
generates a fragment incorporating part of the insulin gene and
variable region that is smaller than the corresponding fragment
produced by Bgl 1 (fig 1), thus giving better resolution of small sized
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FIG 2-Autoradiograph of DNA from members of family 2
showing long (U) and short (L) variable fragments. Band labelled
C is constant to all DNA samples and contains 3' end of insulin
gene.
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FIG 3-Pedigrees of families 1 and 2. Closed symbols represent family
members with maturity onset diabetes of the young. Open symbols represent
non-diabetic family members. In family 1 La, Lb, Lc represent three
different sized short variable fragments. In family 2 L and U represent short
and long variable fragments, respectively. Arrows indicate propositi.

Discussion

Maturity onset diabetes of the young is the subgroup of non-
insulin dependent diabetes most amenable to genetic linkage
analysis because of its apparent autosomal dominant inheritance.
No family affected by this type of diabetes, however, has yet
been shown to have a genetic marker linked to the diabetic
phenotype.

Until recently no genetic marker for the insulin gene had been
available. Bell and his colleagues cloned and sequenced the
insulin gene'2 and subsequently identified a region of repeated
oligonucleotides 5' to the gene.6 1I The length of this region
was determined by a variable number ofrepeated oligonucleotides
resulting in a distinctively polymorphic region. The length
polymorphism fell into two common classes, a short size
0-600 bp (base pairs) in length (L) and a long size 1600-2200 bp
in length (U). There have been several studies attempting to
relate the frequency of the L and U fragments to different types
of diabetes, but these have not given consistent results."'-"7
We used the fragment length polymorphism adjacent to the

insulin gene simply as a genetic marker for a linkage study
within families. The variability of the polymorphism gives a
reasonable probability of finding families in which each chromo-
some is marked by a different fragment length polymorphism.
Three families were originally studied but one was excluded
because the members were homozygous for a short fragment
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length polymorphism (LL). The two remaining pedigrees
studied had diabetic members doubly heterozygous for fragment
length polymorphisms, and our results showed no linkage
between maturity onset diabetes of the young and the variable
region polymorphism. In family 1 the diabetic patients did not
share any of the three different short polymorphisms found-
that is, La', Lb, or LC. In family 2 all three diabetic members
shared a short polymorphism (L). The propositus (subject IV 2),
however, had clearly inherited his diabetes and the long poly-
morphism (U) from his mother and the short polymorphism (L)
from his non-diabetic father (fig 3). Thus the diabetes was
evidently not linked to the short polymorphism (L).
These pedigrees show the usefulness of the insulin fragment

length polymorphism as a genetic marker. In the two families
studied maturity onset diabetes of the young was clearly not
linked to a defect in or around the insulin gene. The discovery
of the chromosomal location of the presumed abnormal gene
present in this type of diabetes must await the application of
new genetic markers.

We thank G Bell for the gift of the insulin probe pH Ins 214.
Correspondence to JSW.
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Transient neonatal hyperthyrotrophinaemia: a serum
abnormality due to transplacentally acquired antibody
to thyroid stimulating hormone
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Abstract

In a screening programme for neonatal hypothyroidism
an otherwise healthy female infant was found to have a
high concentration of thyroid stimulating hormone in a
filter paper blood spot and in serum. A high concentration
was also found in the maternal serum. Mother and baby
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were both biochemically euthyroid with normal serum
thyroxine concentrations. The apparently high concen-
tration of thyroid stimulating hormone in the mother
was due to the presence of an IgG antibody that bound
to human but not bovine thyroid stimulating hormone.
Maternal serum inhibited the action of human thyroid
stimulating hormone in an in vitro bioassay for the
hormone.

It is suggested that the baby acquired the antibody
transplacentally, especially as the concentration of
thyroid stimulating hormone subsequently fell. It is
concluded that maternal serum should be assayed for
thyroid stimulating hormone when a neonate is found
to have a high concentration of the hormone and a
normal concentration of thyroxine to establish the
incidence of this finding and to avoid inappropriate
replacement treatment.

Introduction

Neonatal hypothyroidism may now be detected by screening
thyroid hormone concentrations in blood obtained by heel
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