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Summary Glucagon-like peptide-1 (GLP-1) is a hor-
mone derived from the preproglucagon molecule that
is secreted by intestinal L cells and stimulates insulin
secretion from betacells. The GLP-1 receptor is a can-
didate gene for diabetes mellitus, as mutations may in-
duce the impaired insulin response that is a charac-
teristic feature of NIDDM. To study the relationship
between the GLP-1 receptor gene and NIDDM, link-
age of a microsatellite polymorphism flanking the
GLP-1 receptor gene with diabetes was investigated in
three Caucasian families with MODY and in the nu-
clear families of 12 NIDDM probands. A cumulative
LOD score —8.50 excludes linkage in these MODY

pedigrees. A LOD score of —1.24 in the NIDDM nu-
clear pedigrees makes linkage improbable. Mutations
in or near the GLP-1 receptor gene are unlikely to be
the major cause of the inherited predisposition to
NIDDM in Caucasian pedigrees, but we cannot ex-
clude a role for this locus in a polygenic model or a
major role in some pedigrees. [Diabetologia (1994) 37:
721-724]
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Genetic predisposition to the development of NIDDM
is indicated by concordance in monozygotic twins,
familial aggregation and differences in prevalence be-
tween different populations. The major genes involved
in the development of NIDDM have yet to be eluci-
dated. NIDDM is characterised by peripheral insulin
resistance, increased hepatic glucose efflux, and dim-
inished secretion of insulin from pancreatic beta-cells
[1]. GLP-1, a peptide derived from proglucagon, is se-
creted from the small intestine during a meal and after
oral glucose administration [2]. It enhances glucose-de-
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pendent insulin secretion both in vitro and in vivo. The
GLP-1 receptor (GLP-1 R) has recently been charac-
terised and is one of the distinct group of seven trans-
membrane-spanning G-protein coupled receptors [3]
including receptors for secretin, parathyroid hormone,
calcitonin, vasoactive intestinal peptide, growth hor-
mone releasing hormone and glucagon. In a rat model
of NIDDM, GLP-1 had an impaired stimulatory effect
on glucose-induced insulin secretion [4]. In humans, an
infusion of pharmacological doses of GLP-1 improves
insulin secretion and increased glucose disposal in
NIDDM patients. This suggests increased levels of
GLP-1 can compensate for a defect in the glucose sig-
nalling pathway that regulates insulin secretion from
betacells and may confer glucose sensitivity to glucose-
resistant betacells. GLP-1 also has been proposed as a
new therapeutic agent to stimulate insulin secretion by
betacells of NIDDM patients [5, 6].

Asmutations in the GLP-1 receptor gene could con-
tribute to impaired betacell function and development
of diabetes, we have studied a DNA microsatellite,
(TG), repeat polymorphism near the GLP-1 receptor
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gene locus. Using polyacrylamide gel electrophoresis
to separate the different alleles and a non-radioactive
detection method, we studied the segregation of GLP-
1R gene with diabetes in Caucasian pedigrees with
MODY. We also studied Caucasian pedigrees with
NIDDM.

Subjects and methods

Subjects. Three Caucasian MODY families and 12 unselected
NIDDM Caucasian nuclear families were included in the ana-
lysis. These were from 14 nuclear families studied after exclusion
of two pedigrees that were uninformative as the diabetic subject
in the first generation was homozygous for the GLP-1 R poly-
morphism allele. The MODY families were from Oxford, Lon-
don and Dublin; the 12 nuclear families from the Oxford area
are shown in Figure 1. Segregation with the glucokinase gene
had previously been excluded in these MODY families [7]. DNA
was extracted from peripheral blood by using either the standard
phenol/chloroform method or Nucleon II DNA extraction kit
(Scotlab, Coatbridge, Lanarkshire, UK).

PCR analysis. A polymorphic dinucleotide (TG), repeat ele-
ment located close to human GLP-1 receptor gene on chromo-
some 6p21 was investigated [8]. Eight different alleles were ob-
served using the PCR. DNA (0.2 pg) was incubated with 0.1 U
heparinase and 50 mmol/1 KCl, 10 mmol/l Tris-HCI, pH 8.3 buf-
fer at 37°C for 1 h. For PCR 10 pmol of oligonucleotides GLP-
1R-CA2 (5-TCCTTGCTGCAGCCGGGTGG-3") and GLP-
1R-CA3 (5-TACCTGTCTGATGGGTTTGG-3") were added
to a 50-pul reaction volume containing 200 pmol/l each of dATP,
dCTP,dGTP,dTTP, 2.0 mmol/IMgCl, and 1.5 U of Taq Polymer-
ase in a GeneAmp 9600 PCR System (Perkin-Elmer/Cetus,
Norwalk, Conn., USA). The PCR was performed by initially de-
naturing for 5 min at 94 °C, followed by 30 cycles of denaturation
at 94°C for 1 min, annealing at 65°C for 30 s and extension at
72°Cfor 90 s, with a final extension step for 10 min at 72°C. One
microgram of the PCR product was electrophoresed on a 8%
polyacrylamide gel run at 130V, 20°C for 16 h, and bands were
detected by ethidium bromide staining.

Linkage analysis. Each family was considered separately for
linkage analysis performed with the software LINKAGE pro-
gram (version 5.1} assuming dominant inheritance [9]. As a
probe for a candidate gene was being examined, LOD scores
were calculated with the recombination fraction theta equal to
zero, as appropriate for a putative candidate gene. Subjects with
IGT were considered as diabetic for the analysis. Age-related
penetrance, calculated from studies of first degree relatives of
NIDDM patients, was taken into account. Liability classes were
based on prevalence studies of diabetes in the population and in
pedigrees of NIDDM subjects. A co-dominant effect was as-
sumed from the increased risk of diabetes in offspring when both
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Fig.1. Informative NIDDM pedigrees (1-12) and MODY pedi-
grees (13-15) showing the inheritance of GLP-1R alleles.
Roman numerals on the left of the pedigrees indicate generation
number, and the numbers above the symbols indicate the sub-
ject’s number within each pedigree. The GLP-1 R DNA poly-
morphism alleles are noted under the symbols. Squares, males;
circles, females; closed symbol, diabetes; diagonal shading, glu-
cose intolerance; open symbol, normoglycaemia; central dot, not
tested; oblique, dead
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Table 1. LOD scores for linkage of GLP-1 R with diabetes in

MODY and NIDDM nuclear families
MODY

-2.59
—-4.89
-1.02

NIDDM

-0.50
-0.20
-0.39

0.20

-1.30
-0.02
0.28
-0.39
0.50
0.00
-0.10

Total -8.50 -1.24

parents are affected. Four liability classes for NIDDM were
defined on the basis of age (class1, > 60 years; class 2, 41~
60 years; class 3, 21-40 years; class 4, <20 years) and five for
MODY (class 1, >50years; class 2, 41-50 years; class 3, 31—
40 years; class 4, 21-30 years, class5, <20 years). The pene-
trance factors for heterozygous and homozygous genotype used
for NIDDM were: 0.90,0.75, 0.35, 0.05 and 0.95, 0.90, 0.80, 0.40,
respectively, for MODY were 0.99, 0.95, 0.90, 0.80, 0.60 for het-
erozygosity and 1 for homozygosity at all ages. To accommodate
for potential heterogeneity, phenocopy rates for each liability
class were 0.05, 0.01, 0.001, 0.0001 for NIDDM and 0.03, 0.003,
0.001, 0.001, and 0.0001 for MODY.

Results

Figure 1 shows the GLP-1 R genotypes in the MODY
and the NIDDM nuclear pedigrees. The (TG), poly-
morphism showed eight alleles with a size range from
134 bp to 148 bp, 2 bp difference between each allele.
The heterozygosity was 82 % with 144 bp allele being
the most prevalent at 28 %. The LOD scores at a rec-
ombination fraction of zero (8=0) are shown in
Table 1. The cumulative LOD scores were — 8.50 for
MODY families and —1.24 for the NIDDM nuclear
families. These results were little affected by changing
the penetrance and/or phenocopy rates by +10% or
—10%, the LOD score for the MODY families being
in the range - 9.44 to —6.71 and for NIDDM families
-1.51to - 0.75.

Discussion

Defects in insulin secretion are a common feature of
NIDDM. Since glucagon-like peptide-1 plays an im-
portant role in modulating glucose-stimulated insulin
secretion, and pharmacological levels of GLP-1 ame-
liorate the defect, mutations in the GLP-1 receptor are
a candidate for the impaired beta-cell response. A cu-
mulative LOD score of —8.50 at a recombination frac-
tion of 8 =0 significantly rejected linkage of GLP-1 R
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in the large MODY pedigrees studies. With regard to
the NIDDM nuclear pedigrees examined, a cumulative
LOD score of —1.24 implies that linkage is unlikely,
even though the cumulative LOD score did not reach
the threshold of -2 generally considered to confirm
non-linkage.

Linkage analysis in pedigrees is a powerful tool for
examining the role of candidate genes in the aetiology
of inherited diseases with a defined mode of trans-
mission. Families with MODY are particularly suitable
as they have clearly discernible autosomal dominant in-
heritance, the early age of onset allows ascertainment
of affected members over three generations [10]. A
major role for a candidate gene in NIDDM can be stu-
died by examining several NIDDM pedigrees with due
allowance for the high disease prevalence and late age
of onset by age-dependent penetrance. The results in-
dicate that mutations of the GLP-1 R gene are unlikely
to have a major role in the pathogenesis of MODY or
NIDDM, but do not exclude a role for GLP-1 receptor
defects in a minority of NIDDM pedigrees.
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