
Letters to the editor 1367 

9.7 cM (range 5-16 cM), and an average heterozygosity of 0.75 
(range 0.63-0.87). The PCR products were separated on 4 % 
polyacrylamide gels on an ABI377 Sequencer (Perkin Elmer, 
Foster City, CA, USA), using the ABI GENESCAN/GENO- 
TYPER software (Perkin Elmer). To confirm the genotypes, 
all markers were typed twice and scored independently by 
two individuals. Evidence for linkage was analysed using 
MAPMAKER/SIBS [6] and GENEHUNTER [7] and correc- 
ted for the effect of large sibships. The analyses did not demon- 
strate any significant evidence for linkage of NIDDM to chro- 
mosome 2 (Fig. 1, top panel). In particular, there was no evi- 
dence of linkage between NIDDM in this population and the 
marker D2S125 (observed heterozygosity 0.84, and informa- 
tion content 0.64), which showed the strongest linkage in the 
Mexican-American sib-pairs [2] (Fig. 1, lower panel). This re- 
gion of chromosome 2 was excluded for linkage (logarithm of 
odds score _< -2, assuming 2 s = 1.3). Also, subgrouping of our 
study population for BMI, age at onset, lipid values, or for the 
presence of hypertension did not lead to significant evidence 
for linkage. 

Our results are not consistent with the notion that 
NIDDM1 constitutes a susceptibility gene for NIDDM in the 
Sardinian population, illustrating the difficulties in confirming 
findings in different populations, in particular when the p-va- 
lue is close to the limit of genome-wide significance (p = 0.05) 
[8]. We are now in a good position to analyse the rest of the 
genome for the presence of important susceptibility genes for 
NIDDM and its associated phenotypes within the metabolic 
syndrome. 

Yours sincerely 
M. Ciccarese, G. Tonolo, I. Delin, E K.Wong, E Holm, 
M. M. Atzeni, E Lichtenstein, I. Kockum, M. Maioli, H. Luth- 
man, on behalf of the Study Group for the Genetics of Dia- 
betes in Sardinia 
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Glucokinase deficiency results in a beta-cell 
disorder characterised by normal fasting 
plasma proinsulin concentrations 

Dear Sir, 
Patients with heterozygous mutations in the glucokinase gene 
have early-onset, mild stable hyperglycaemia [1, 2]. Physiolo- 
gical studies have suggested that the hyperglycaemia in gluco- 
kinase deficiency results from a failure of the beta cell to sense 
glucose in keeping with the role of glucokinase as the pancrea- 
tic glucose sensor [2-5]. Fasting plasma intact proinsulin con- 
centrations are increased both absolutely and relative to insu- 
lin in subjects with non-insulin-dependent diabetes mellitus 
(NIDDM) compared with normoglycaemic controls [6, 7]. 
Plasma proinsulin concentrations have not been reported in 
glucokinase deficiency. 

Corresponding author: Dr. A.T.Hattersley, Department of 
Vascular Medicine and Diabetes Research, Postgraduate Med- 
ical School, Barrack Road, Exeter EX2 5AX, UK 

We used specific immunoradiometric assays to measure 
fasting concentrations of insulin and intact proinsulin in 14 
diet-treated subjects from maturity onset diabetes of the young 
(MODY) pedigree BX with a heterozygous missense mutation 
at position 299 in the glucokinase gene G299R [2, 5, 9]. Com- 
parison was with 14 unrelated diet-treated NIDDM subjects 
(diagnosed after 40 years of age), individually matched for 
fasting plasma glucose (FPG) (within 10 %) and body mass in- 
dex (BMI) (within 10 %) and with 14 obesity matched control 
subjects who came from pedigree BX but had been shown not 
to have a glucokinase mutation. The glucokinase, NIDDM 
and control groups were well-matched for BMI [median (inter- 
quartile range) 25.3 (23.8-26.9), 24.8 (23.7-28.3), 25.1 (22.5- 
27.6) kg/m 2 N.S.] and the two diabetic groups well-matched 
for FPG [7.0 (6.6-7.5), 7.2 (6.3-8.4) mmol/1 N.S.]. 

After a 12 h overnight fast, three arterialised samples were 
taken at 5-min intervals from the hand of a heated arm, follow- 
ing a 15-min period of rest. Plasma was separated within 1 h of 
the samples being taken and stored at - 20 ~ Plasma insulin 
and intact proinsulin, were determined by two-site immunora- 
diometric assays (IRMAs) as previously described [8]. Insu- 
lin-related peptides were measured in pooled plasma from the 
three fasting samples. Comparison of groups was initially 
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Table 1o Fasting insulin related peptide concentrations in glucokinase (GCK) deficiency, NIDDM and normal subjects 

Glucokinase p value NIDDM p value Normal p value 
deficient (GCK vs (n = 14) (NIDDM vs (n = 14) (Normal vs 
(n = 14) NIDDM) normal) GCK) 

Insulin (pmol/1) 41 (25-76) NS 41 (23-72) NS 42 (23-76) NS 
Proinsulin (pmol/1) 3.0 (1.4-6.3) < 0.01 6.7 (4.9-9.1) < 0.05 3.5 (2.0-6.0) NS 
Proinsulin/Insulin ratio (%) 6 (3-8) < 0.01 13 (%14) < 0.01 7 (4-9) NS 

Data presented as geometric mean (standard deviation range) except for proinsulin/insulin ratio which is shown as median (inter- 
quartile range). 
NS = p > 0.05 

performed with a one-way ANOVA and when this showed sig- 
nificant deviation between groups, an unpaired Student's t-test 
was used to compare groups with logarithmic transformation 
where appropriate. The fasting insulin and intact proinsulin 
concentrations measured by IRMA are shown in Table 1. 

This study showed that subjects in the glucokinase-deficien- 
cy subgroup of diabetes have normal fasting proinsulin concen- 
trations in contrast to the raised concentrations seen in non- 
obese NIDDM subjects with a similar degree of hyperglycae- 
mia. Fasting insulin concentrations measured speficically by 
IRMA were similar in diabetic and normoglycaemie members 
of our glucokinase-deficient pedigree. This reflected inappro- 
priately low insulin secretion for the hyperglycaemia found in 
the diabetic subjects. This confirms that hyperglycaemia in glu- 
cokinase deficiency predominantly results from beta-cell dys- 
function as shown by other studies using hyperglycaemic 
clamps [3], continuous glucose infusions [5] and homeostasis 
model assessment (HOMA) modelling using fasting RIA insu- 
lin and glucose values [2]. 

Are glucokinase deficient patients pathophysiologically dis- 
tinct from other patients with NIDDM? The similar fasting in- 
sulin and glucose concentrations suggested a similar degree of 
beta-cell dysfunction in the glucokinase deficient patients and 
the matched NIDDM subjects. However, the difference in 
proinsulin concentrations supports the idea that there is a qua- 
litative difference in the type of beta-cell dysfunction. Proinsu- 
lin in glucokinase-deficient subjects represented 6 % of the 
fasting insulin - a similar level to that measured in matched 
normoglycaemic control subjects. This result suggests that in 
glucokinase deficiency the processing of insulin may be rela- 
tively normal even in the presence of chronic hyperglycaemia. 
The near normal concentration of proinsulin despite hypergly- 
caemia is in keeping with a failure to sense glucose by the pan- 
creatic beta cell. This would fit with theoretical considerations 
of the role of glucokinase and physiological observations on pa- 
tients with glucokinase deficiency in response to graded glu- 
cose infusions [4]. Although our subjects have a single muta- 
tion it is likely that as the majority of the other mutations have 
similar clinical and functional characteristics [1, 10], they will 
have similar proinsulin and insulin concentrations. 

In conclusion glucokinase deficiency is characterized by a 
beta-cell defect in which the proportion of insulin-related pep- 
tides secreted as proinsulin was normal. This result would be 
consistent with an abnormality of glucose sensing. The finding 
of an elevated proinsulin ratio in obesity- and glycaemia-mat- 
ched NIDDM subjects suggests that the beta-cell defect in 
these subjects is not a failure of glucose sensing. A normal 

proinsulin/insulin ratio should be considered one of the char- 
acteristics of glucokinase mutations although such measure- 
ments on their own are insufficient to differentiate glucokinase 
deficiency from non-glucokinase NIDDM. 

Yours sincerely, 
A.T. Hattersley, E M. Clark, 
C. N. Hales, R. C. Turner 

R. Page, J.C. Levy, L. Cox, 
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