
Increased frequency of the lipoprotein lipase
9N allele in adults with Type I (insulin-
dependent) diabetes mellitus

Dear Sir,
Lipoprotein lipase (LPL) is a homodimeric lipolytic enzyme
that hydrolyses triglycerides from triglyceride-rich lipoprotein
particles at the luminal wall of capillaries, primarily in muscle
and adipose tissue, to produce non-esterified fatty acids for en-
ergy or storage by adjacent tissues [1]. It is also involved in li-
poprotein clearance through the binding of remnant lipopro-
tein particles to the LDL receptor-related protein. Further,
LPL is expressed on macrophages, promotes LDL retention
in the subendothelial matrix and is present in atherosclerotic
lesions. Because of these roles, the LPL gene is considered a
candidate gene for vascular disease, including coronary heart
disease.

More than 50 single nucleotide polymorphisms have been
described within the LPL gene. Some of these occur at rela-
tively high frequencies in normal cohorts, have been shown to
affect LPL function and have been associated with altered lip-
id phenotypes [1]. The LPL D9N polymorphism, producing
an aspartic acid to asparagine substitution at amino acid posi-
tion 9, occurs in exon 2 of the LPL gene. The 9N allele has
been found at carrier frequencies ranging from 2±4 % in vari-
ous cohorts and causes a secretion deficiency of the LPL
monomer, leading to decreased LPL activity [1, 2]. A recent
meta-analysis of previous population and cohort based studies
of LPL polymorphisms suggests that carriers of the 9N allele
have a mildly atherogenic lipid profile with raised triglyceride
and decreased HDL cholesterol, decreased LPL activity and a
possible increased risk of coronary heart disease [3].

Given that diabetic dyslipidaemia is associated with low
LPL activity, we assessed the frequency of the 9N variant in a
cohort of Australian Caucasian subjects with Type I (insulin-
dependent) diabetes mellitus attending the Royal Perth Hospi-
tal diabetic clinic (n = 399) and healthy community control
subjects (n = 635). Approval for the study was granted by the

Royal Perth Hospital Ethics Committee and all subjects pro-
vided written informed consent. The 236 male and 163 female
diabetic subjects were 47 ± 15 (SD) years old with known dia-
betes for 21 ± 11 years and with a mean BMI of 26.8 ± 15.4 kg/
m2. The average HbA1c value for the cohort was 8.8 ± 1.7 %,
and 77 % were treated with insulin injections four or more
times daily. Macrovascular complications were evident in
12 % of subjects, peripheral vascular disease in 16 %, 56 %
showed some degree of retinopathy, and 13 % and 6 % showed
evidence of microalbuminuria and macroalbuminuria, respec-
tively.

We found that 5.3 % (21/399) of the Type I diabetic subjects
were heterozygous carriers of the LPL 9N allele compared
with 2.5 % (16/635) of healthy control subjects, giving an odds
ratio of 2.2 (95 % CI 1.1±4.2, p < 0.025). No subjects were ho-
mozygous for the polymorphism. For comparison, the frequen-
cy of LPL 9N was not statistically significantly different in our
cohort of subjects with Type II (non-insulin-dependent) diabe-
tes mellitus (3.5 %, 15/429) compared with the healthy control
subjects. There was no sex imbalance in the carrier frequen-
cies. The possibility that this result came about because of fa-
milial clustering or racial admixture has been explored and,
based upon patient demographic records, is thought to be un-
likely. The subjects were unrelated and generally descended
from European families, the large majority originating from
Anglo-Celtic ancestors in the UK and our control subjects
were from the same racial background. Multivariate analyses
of fasting serum lipids, when applied separately to the diabetic
and the community control groups, showed no statistically sig-
nificant associations between LPL D9N genotype and triglyc-
erides, total cholesterol or HDL cholesterol concentrations us-
ing models adjusted for age, sex, BMI and apolipoprotein E
genotype. There were no sex-specific associations or trends be-
tween the LPL 9N allele and fasting lipid profiles in the dia-
betic subjects. There were no associations evident between
LPL 9N carrier status and coronary heart disease (myocardial
infarction, angina pectoris, coronary angioplasty or coronary
artery bypass surgery), cerebrovascular events, microvascular
disease (retinopathy, nephropathy or peripheral vascular dis-
ease) or hypertension in models adjusted for age, sex, glycae-
mic control, duration of diabetes and apolipoprotein E geno-
type. Further subgroup analyses were not possible due to low
LPL 9N carrier numbers upon cohort stratification.

The unexpectedly increased frequency of the LPL 9N al-
lele in Australian Type I diabetic subjects suggests either an as-
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sociation between the disease state and a region at or near
chromosome 8p22, for which LPL 9N is a marker, or that the
inheritance of the 9N allele has functional implications for dia-
betic metabolic processes. The LPL 9N allele occurs in the
non-diabetic cohort, albeit at a lower frequency, and therefore
it is not itself sufficient to cause Type I diabetes. If it were, ge-
nome-wide scans would have previously identified it as a
strong risk factor. Rather, LPL 9N could be associated with an-
other Type I diabetes-associated locus or LPL 9N might have
an effect additive to those of the other diabetes-associated
loci. At present, the association of loci on chromosome 8 with
Type I diabetes is not clear [4, 5] but there could be a relation
with the IDDM2 locus. This locus involves a variable number
of tandem repeats polymorphism of the insulin gene (INS
VNTR) and is important to Type I diabetes. A recent study of
a cohort with Type I diabetes in the United Kingdom showed
an association between the chromosome region 8p24±21,
which encompasses the LPL locus, and Type I diabetes in a
subgroup of subjects who carried a high-risk form of the INS
VNTR, an observation not seen in subjects with a low-risk
INS VNTR or when all subjects were pooled [6].

By what other mechanisms could LPL 9N influence the de-
velopment of Type I diabetes? In vivo murine studies provide
new evidence which shows that LPL modulates islet cell insu-
lin secretion by a process which involves the LPL-regulated
supply of non-esterified fatty acids [7]. A deficiency of LPL
can cause relative hypoglycaemia through hyperinsulinaemia,
which is probably induced by the decreased supply of non-es-
terified fatty acids to islet cells [7]. Because it has been postu-
lated that factors affecting intrauterine growth and fetal devel-
opment can also affect the risk of development of Type I diabe-
tes [8], it is possible that the effects of LPL 9N on pancreatic is-
let cells, working through this or other as yet unknown mecha-
nisms, have implications for in utero organogenesis and pan-
creatic development. When LPL 9N acts, it is, however, almost
certainly in concert with other predisposing factors such as the
high-risk IDDM2 locus.

Yours faithfully,
L.M. Brownrigg, K. G. Stanton, V. J. McCann, V. Burke, R. R.
Taylor, F. M. van Bockxmeer

Acknowledgements. This study was supported by the Medical
Research Fund of Western Australia (MEDWA) and the Roy-
al Perth Hospital Medical Research Foundation. The authors
thank Dr L. Palmer for advice on study design and Dr K. Jam-
rozik for recruitment of the community control subjects.

References

1. Fisher R, Humphries S, Talmud P (1997) Common varia-
tion in the lipoprotein lipase gene: effects on plasma lipids
and risk of atherosclerosis. Atherosclerosis 135: 145±159

2. Mailly F, Tugrul Y, Reymer P et al. (1995) A common vari-
ant in the gene for lipoprotein lipase (Asp 9 ®Asn): func-
tional implications and prevalence in normal and hyperlip-
idemic subjects. Arterioscler Thromb Vasc Biol 15:
468±478

3. Wittrup H, Tybjñrg-Hansen A, Nordestgaard B (1999) Li-
poprotein lipase mutations, plasma lipids and lipoproteins,
and risk of ischaemic heart disease: a meta-analysis. Circu-
lation 99: 2901±2907

4. Davies J, Kawaguchi Y, Bennett S et al. (1994) A genome-
wide search for human Type 1 diabetes susceptibility genes.
Nature 371: 130±136

5. Cucca F, Esposito L, Goy J et al. (1998) Investigation of
linkage of chromosome 8 to Type 1 diabetes: multipoint
analysis and exclusion mapping of human chromosome 8
in 593 affected sib-pair families from the UK and US. Dia-
betes 47: 1525±1527

6. Mein C, Esposito L, Dunn M et al. (1998) A search for
Type 1 diabetes susceptibility genes in families from the
United Kingdom. Nat Genet 19: 297±300

7. Marshall B, Tordjman K, Host H et al. (1999) Relative hy-
poglycemia and hyperinsulinemia in mice with heterozy-
gous lipoprotein lipase (LPL) deficiency: islet LPL regu-
lates insulin secretion. J Biol Chem 274: 27426±27432

8. Dahlquist G, Sandberg Bennich S, KällØn B (1996) Intra-
uterine growth pattern and risk of childhood onset insulin
dependent (Type 1) diabetes: population based case-con-
trol study. BMJ 313: 1174±1177

Letters to the editor954


