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Summary. Two gene specific probes have been used to identify 
polymorphic DNA loci on chromosome 11 close to the insulin 
and apoprotein A-1 genes in a genetic analysis of hypertri- 
glyceridaemic patients with and without co-existing diabetes. 
Of the 45 patients studied with both probes, 15 were diabetic 
of whom nine possessed class 3/3 insulin polymorphism gen- 
otypes, compared with none in the non-diabetic group (p< 
0.001 ; Z 2 test). In contrast, an uncommon apolipoprotein A-1 
polymorphism was found to be equally distributed in the dia- 
betic and the non-diabetic patients. No co-segregation of 

these two particular genetic polymorphisms was found in ei- 
ther patient group. The differing associations of the two dis- 
ease-related polymorphism genotypes in patients with 
hypertriglyceridaemia with or without co-existing diabetes 
may possibly reflect differing aetiologies of the hyper- 
lipidaemia. 
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Diabetes meilitus and hypertriglyceridaemia are both 
common metabolic disorders, often found in associa- 
tion [1]. Diabetes is thought to affect at least 2% of the 
British population [2] and hypertriglyceridaemia (de- 
fined as fasting serum triglycerides > 2.0 mmol/1) has 
been found to affect more than 10% of male popula- 
tions in England and Scotland [3, 4]. Both diabetes and 
hypertriglyceridaemia are heterogeneous disorders, and 
although familial clustering sometimes occurs, they do 
not seem to segregate according to simple Mendelian 
principles. It is possible therefore that the mode of in- 
heritance is polygenic, with two or more genes predis- 
posing to the disease. 

The recent developments in recombinant DNA 
technology have provided methods for detecting altered 
nucleotide sequences in the human genome which are 
inherited, and may therefore be used as genetic mark- 
ers. These variations in DNA sequence can be dem- 
onstrated by cleaving genomic DNA with restriction 
enzymes, hybridising with cloned gene probes, and 
detecting changes in length of gene-related fragments. 
Such changes are termed "restriction fragment length 
polymorphisms" and unlike classical genetic markers 
where the gene is expressed and the protein identified 
(as with the HLA antigens), these DNA polymorphisms 
may be found in any region of the genome regardless of 
whether or not they encode for a protein [5]. Such poly- 

morphic loci have been identified flanking both the hu- 
man insulin gene [6, 7], and the apolipoprotein A-1/C- 
III gene complex [8]. A polymorphic region of DNA is 
found 363 base pair upstream (5') from the initiation 
codon of the insulin gene. This consists of 14 base pair 
tandemly repeated DNA sequences in either short 
(class 1) or long (class 3) stretches [9]. Restriction frag- 
ment length polymorphism analysis of this locus has 
demonstrated an increased prevalence of class 3 alleles 
in hypertriglyceridaemic patients with co-existing dia- 
betes [10]. Similarly, a DNA polymorphism close to the 
apolipoprotein A-1 gene has been shown to segregate in 
subjects with WHO types IV and V hyperlipidaemia [8]. 
Subsequently, this polymorphism has been shown to be 
situated in the 3' non-coding region of the apolipopro- 
tein C-III gene which lies approximately 2.8 kilobases 
(Kb) downstream from the apoprotein A-1 gene [11]. 

The apolipoproteins and insulin play important 
roles in lipoprotein metabolism. Apolipoprotein A-1 is 
a major peptide of HDL, and apolipoprotein C-III is a 
major component of triglyceride-rich lipoproteins. In- 
sulin, in addition to its central role in glucose metabo- 
lism also influences plasma triglyceride levels [12]. It 
has a modulating effect upon the activity of lipoprotein 
lipase in tissues and thus regulates the catabolism of 
triglyceride-rich lipoproteins. In patients with diabetes 
where there is insulin deficiency or insulin resistance, 
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hypertriglyceridaemia may result as a consequence of 
low lipoprotein lipase activity [13]. The insulin gene and 
the apolipoprotein A-1 gene have both been localised to 
the chromosome 11 [14, 15] which raises the possibility 
of an association of these genetic polymorphisms in hy- 
pertriglyceridaemia. We have therefore studied a fur- 
ther group of hypertriglyceridaemic patients with or 
without accompanying diabetes to ascertain whether 
these disease-related gene polymorphisms co-segregate 
or can be used to discriminate between these two pat- 
ient groups. 

Subjects and methods 

Subjects 
Caucasoid subjects (38 males, 8 females) with hypertriglyceridaemia 
were selected serially from the Lipid Clinic at St. Bartholomew's Hos- 
pital. Clinical details are shown in Table 1. This group was defined by 
mean pre-treatment serum triglyceride concentrations > 2 mmol/1 in 
three separate fasting venous blood samples, and complete lipid anal- 
ysis showed that the group comprised WHO classes IIb and IV/V in 
equal numbers. Glucose tolerance was assessed in all subjects using a 
standard 75 g oral glucose tolerance test as detailed in the WHO 
(1980) recommendations [16], and 45 patients were divided into dia- 
betic (n=15) and non-diabetic (n=30) sub-groups. The remaining 
patient had impaired glucose tolerance and was dropped from the 
study. At the time of genotyping, hyperglycaemia was being treated in 
the diabetic patients by diet alone (7), oral hypoglycaemic agents (5) 
and insulin (3) although none were insulin-dependent - that is, there 
was no history of previous diabetic ketoacidosis. Despite adequate 
hypoglycaemic therapy, hypertriglyceridaemia had persisted requir- 
ing further dietary manipulation as well as treatment with hypolip- 
idaemic drugs, including clofibrate and nicotinic acid. 

Methods 

DNA was isolated from peripheral leucocytes in t0 ml venous blood 
essentially by the method of Kunkel et al. [17]. DNA samples were di- 
gested with restriction endonuclease Sst I according to the manufac- 
turers, recommendations (Bethesda Research Laboratories, Cam- 
bridge, UK) and then Southern blotted as described elsewhere [6, a 8]. 
The nitrocellulose filters were hybridised with either a 32p-labelled in- 
sulin gene or the apoprotein A-I gene probe, and resulting hybrids 
were visualised by autoradiography. 

Statistical analysis 

The association of gene related polymorphisms with diabetes, hyper- 
triglyceridaemia or both was analysed by a 3 x 2 contingency table 
comparing the polymorphism genotype with the disease group. A Z 2 
test of independence was then applied. 

Table 1. Clinical features of the study groups 
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Patients with hypertriglyceridaemia: 

Total Type 2 Non-diabetic 
diabetic 

(n=45) (n=15) (n=30) 

Age at diagnosis (years) 53.8 + 6.8 54.2 + 8.3 53.4 +_ 7.2 
(30-67) (49-63) (30-67) 

Sex: M : F  37:8 10:5 27:3 

Fasting pre-treatment 8.0 _+ 2.3 8.5 + 2.5 7.7 _+ 2.1 
serum cholesterol (4.9-14.5) (4.9-14.5) (5.3-13.0) 
(mmol/1) 

Triglycerides (retool/l) 6.2 _+ 4.8 7.5 + 6.0 5.5 _+ 4.2 
(2.3-19.5) (2.6-19.5) (2.3-18.7) 

Plasma glucose 9.8 + 5.9 15.1 + 3.3 4.3 _+ 0.18 
(mmol/l) (3.5-20.1) (10.9-20.1) (3.5-5.3) 

Body mass index a 27.3 +_ 4.4 26.6 + 4.8 26.6 _+ 4.1 
(21-44) (21-41) (21-39) 

Results expressed as mean _+ SD with range in parentheses 
calculated by weight (kg) + height (m 2) 

Table 2. Polymorphism genotypes in hypertriglyceridaemic subjects 
with or without diabetes mellitus 

Patients with 
hypertri- 
glyceridaemia 

Polymorphism genotype 

Insulin genotype Apoprotein A-I 
genotype 

1/1 1/3 3/3 Common Uncommon 
homo- hetero- 
zygote zygote 

With diabetes 2 4 9 10 5 
(n=15) (13%) (27%) (60%) (67%) (33%) 

WHO type IIb 1 2 5 7 1 
(n=8) 
WHO 1 2 4 3 4 
type IV/V 
(n=7) 

Without diabetes 7 23 0 20 10 
(n=30) (23%) (77%) (00) (67%) (33%) 

WHO type IIb 5 9 0 10 4 
(n = 14) 
WHO 2 14 0 10 6 
type IV/V 
(n = 16) 

Total 9 27 9 30 ] 5 
(n= 45) (20%) (60%) (20%) (67%) (33%) 

Z 2 analysis for comparison of insulin genotypes in diabetic and non- 
diabetic hypertriglyceridaemia using a 3 x 2 contingency table with 
two degrees of freedom gives a Z 2 value of 22.67; p < 0.001. There is no 
difference in the distribution of apoprotein A-1 polymorphisms 

Results 

Genotyping of the polymorphisms 

Insulin gene polymorphism: Two major gene related 
fragments were identified: (1) 6.0_+0.3Kb (class1 
alleles); (2) 7.5 +0.4Kb (class3 alleles). Patients were 
genotyped 1/1, 1/3 or 3/3 for the DNA insertion within 
the polymorphic region. 

Apolipoprotein A-1/C-III polymorphism: Three major 
gene related fragments were identified: 5.7, 4.2 and 
3.2 Kb in two combinations: (1) 5.7 Kb, 4.2 Kb (com- 
mon homozygote); (2) 5.7 Kb, 4.2 Kb, 3.2 Kb (uncom- 
mon heterozygote). 

Of the 45 subjects with hypertriglyceridaemia stud- 
ied, 15 were diabetic although none was insulin-depen- 
dent. Of this group, nine possessed the class 3/3 geno- 
type compared with none in the non-diabetic group 
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Fig. 1. Mean serum triglyceride levels before 
treatment in subjects with differing 
combinations of  apoprotein A-1 and insulin 
polymorphism genotypes 

(Table 2). This supports our previous findings [10] of 
preferential segregation of the homozygous class3 
genotype (3/3) with diabetic as opposed to non-diabetic 
hypertriglyceridaemia (2/2=22.67; p<0.001). In con- 
trast, however, the apoprotein A-1/C-III polymor- 
phism, although found in increased prevalence in the 
hypertriglyceridaemic subjects, distributes equally be- 
tween diabetic and non-diabetic patients. Furthermore, 
no significant co-segregation of the disease-related 
polymorphisms (3/3 and uncommon heterozygotes) 
was found in either group. Only four patients possessed 
both of these rare genotypes, all of which were diabetic, 
and interestingly, the mean pre-treatment triglyceride 
level for this group was 9.6 _+ 6.5 mmol/1. This contrasts 
with the milder lipid abnormalities found in other com- 
binations of the polymorphisms (Fig. 1). The severity of 
the lipaemia in this group cannot be explained on the 
basis of diabetes alone, as the average triglyceride levels 
at presentation for the remaining 11 diabetic patients 
was 6.7 + 5.2 retool/1. No difference in distribution of 
the DNA polymorphism was observed in WHO sub- 
types IIb, IV or V hyperlipoproteinaemia. 

Discussion 

The precise molecular and genetic defects in many com- 
mon metabolic diseases, such as diabetes and hypertri- 
glyceridaemia, are unknown. Using this new approach, 
restriction fragment length analysis, it is possible to 
identify polymorphic sequences which segregate with 
particular phenotypic features without knowing the 
identity of the predisposing gene or genes. It may thus 
be possible to identify common genetic determinants 
which form the inherited component of polygenic dis- 
eases. Previous work has shown an increased frequency 
of the uncommon 3/3 insulin polymorphism genotype 
and the uncommon heterozygous apoprotein A-1 geno- 

type in patients with hypertriglyceridaemia compared 
to control subjects with normal fasting serum lipids [8, 
10]. However, we now find that whereas the insulin gene 
polymorphism segregates in patients with hypertriglyc- 
eridaemia and diabetes, the apoprotein A-1/C-III poly- 
morphism relates only to hypertriglyceridaemia and is 
not dependent upon glucose tolerance. In addition, de- 
spite both genes being on the same chromosome [14, 15] 
they do not appear to co-segregate in patients with hy- 
pertriglyceridaemia. 

Patients with Type 2 (non-insulin-dependent) diabe- 
tes have a higher incidence of hypertriglyceridaemia 
than normal individuals [19]. Although there are many 
known factors relating to hypertriglyceridaemia sec- 
ondary to glucose intolerance (e. g. obesity, high carbo- 
hydrate diet, low activity of lipoprotein lipase), the per- 
sistant elevation of triglyceride despite adequate hypo- 
glycaemic therapy may be explained by a co-existing 
primary hyperlipoproteinaemia. Diabetes and primary 
hyperlipidaemia are common conditions and thus may 
occur together on the basis of chance alone [20]. It may 
be therefore that the DNA polymorphisms hitherto de- 
scribed segregate with hypertriglyceridaemia of differ- 
ing aetiologies. The class 3/3 insulin genotype may re- 
late to the secondary hypertriglyceridaemia of diabetes 
mellitus, whereas the apoprotein A-1/C-III polymor- 
phism may associate with primary hypertriglycerid- 
aemia. In accordance with this hypothesis, it is seen that 
in the four individuals possessing both the disease-relat- 
ed polymorphisms (3/3 insulin; uncommon apoprotein 
A-l), severe hypertriglyceridaemia is found which may 
reflect the expression of a primary and secondary hy- 
pertriglyceridaemia in the same patient. We are there- 
fore carrying out further multiple gene probe analYses 
(including those of the other apolipoproteins) to estab- 
lish other restriction fragment polymorphisms which 
may associate with hyperlipidaemic phenotypes, and 
thus identify common inherited components of these 
polygenic metabolic disorders. 
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