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Summary. The possible association between residual B-cell 
function and specific HLA antigens in Type 1 (insulin-depen- 
dent) diabetes was studied in a cross-sectional series of 
144 diabetic children and adolescents, as well as in a prospec- 
tive series of 44 newly diagnosed diabetic subjects who were 
observed for the initial 2 years of their diabetes. In the cross- 
sectional study, the HLA-Dw3/Dw4 heterozygotes had a low- 
er mean serum C-peptide concentration during 1980, 0.03 + 
0.01 nmol/1 (mean__+_ SEM) vs. 0.09 + 0.01 nmol/1 (p < 0.02), as 
well as a lower 24-h urinary C-peptide excretion, 0.27 + 
0.06 nmol/m 2 vs. 1.34 + 0.19 nmol/m 2 (p < 0.05), than the oth- 
er subjects. In addition, the Dw3/Dw4 heterozygotes had a 
clinical remission of shorter duration, 113 + 47 days vs. 203 + 
22 days (p < 0.05), and a higher mean glycosylated haemoglo- 
bin level during 1980, 14.8+0.05% vs. 13.7+0.2% (p <0.05), 
than those without the Dw3/Dw4 combination. In the pro- 
spective study the serum C-peptide concentrations were of the 
same magnitude in the Dw3/Dw4 heterozygotes and the oth- 

er subjects during the first month. Subsequently the C-peptide 
concentrations in the subjects with the Dw3/Dw4 combina- 
tion started to decrease 2 months earlier than in the other sub- 
jects. The Dw3/Dw4 children had a significantly lower serum 
C-peptide concentration at 21 months, 0.01 _ 0.01 nmol/1 vs. 
0.13+0.02nmol/1 (p<0.01), and at 24months, 0.03+ 
0.01 nmol/1 vs. 0.12_ 0.02 nmol/1 (p < 0.05). Our observations 
suggest that Dw3/Dw4 heterozygosity is, at least in children, 
associated with a distinct form of Type I diabetes character- 
ized by a rapid B-cell destruction, a clinical remission of short 
duration and poor metabolic control. This expands the con- 
cept of genetic heterogeneity within Type I diabetes in child- 
hood, and may have important implications for research on 
the aetiology, pathogenesis and natural history of the disease. 
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sion, metabolic control. 

HLA studies in subjects with Type 1 (insulin-depen- 
dent) diabetes have accumulated considerable evidence 
for genetic heterogeneity within the disease [1-5]. It ap- 
pears that there are at least two different susceptibility 
genes linked to the HLA region. One is associated with 
HLA-D(R)3 and the other with -D(R)4. The D(R)3 
positive form has been reported to be accompanied by 
the persistence of  cytoplasmic islet cell antibodies and 
the lack of  an antibody response to exogenous insulin 
[6]. The D(R)4 positive form seems to be characterized 
by clinical manifestation at an early age and an exagger- 
ated formation of  insulin antibodies. The possible rela- 
tionship between HLA antigens and residual B cell 
function in Type 1 diabetes in controversial [7]. Recently 
Hoogwerf  et al. [8] have demonstrated an increased 
meal-stimulated C-peptide response in HLA-DR4 posi- 
tive diabetic patients, whereas some other studies have 
failed to show any correlation between HLA determi- 
nants and circulating C-peptide concentrations [9, 10]. 

Since it has been speculated that the high risk antigens 
in or related to the D locus may be directly involved in 
the pathogenesis of  pancreatic B cell destruction [5], we 
decided to study whether there are any associations be- 
tween endogenous insulin secretion and specific HLA 
antigens in children and adolescents with Type 1 diabe- 
tes. 

Subjects and methods 

Subjects 
The study consisted of a cross-sectional as well as a prospective sec- 
tion. The cross-sectional study included 144 HLA-typed children and 
adolescents (82 boys) who visited the Diabetes Clinic in the Depart- 
ment of Paediatrics, University of Oulu, regularly during 1980. The 
age of the subjects was 12.2 + 0.3 years (mean+SEM, range 
4.0-19.2years). The mean age at diagnosis of diabetes was 7.4+ 
0.3 years (range 0.9-16.7 years), whereas the mean duration of the dis- 
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Table 1. Serum C-peptide concentrations during 1980 and 24-h urinary C-peptide excretion, mean_+ SEM, in diabetic subjects positive or nega- 
tive for HLA-D antigens 

HLA antigen No. of subjects Serum C-peptide (nmol/1) Level of Urinary C-peptide (nmol/m 2) Level of 
+ / -  significance significance 

- I -  - + - 

Dwl 32/112 0.11+0.03 0.06_+0.01 NS 1.85+0.40 1.00_+0.19 NS 
Dw2 2/142 0.02 0.07 _+ 0.01 NS 0.36 1.20 _+ 0.17 NS 
Dw3 4.4/100 0.06 +_ 0.01 0.08 +_ 0.01 NS 1.03 -+ 0.37 1.26 _+ 0.19 NS 
Dw4 75/ 69 0.07_+0.01 0.08_+0.01 NS 0.94_+0.18 1.47+0.30 NS 
Dw6 13/131 0.07 _+ 0.02 0.07 _+ 0.02 NS 0.60 ___ 0.20 1.25 _+ 0.19 NS 
Dw3/Dw4 18/126 0.03 + 0.01 0.09 _+ 0.01 p < 0.02 0.27 + 0.20 1.34 +_+_ 0.19 p < 0.05 

Table2. Clinical data and mean HbA1 during 1980 in 18 HLA- 
Dw3/Dw4 heterozygotes, mean_+SEM, and in 126other diabetic 
subjects 

Dw3/Dw4 Level of 
signifi- + 
c a n c e  

No of subjects 18 126 
Age at diagnosis (years) 6.4 -+ 1.1 7.6 + 0,4 NS 
Duration of diabetes 4.6 + 0.9 4.7 + 0,4 NS 

(years) 
Duration of clinical 113 + 47 203 _+ 22 p < 0.05 

remission (days) 
Daily insulin dose 0.78 + 0.06 0.73 + 0,02 NS 

(U/kg) 
Mean HbA1 (%) 14.8 + 0.5 13.7 + 0,2 p<0.05 

ease was 4.7 + 0.3 years (range 0.1-15.0 years). The prospective study 
comprised all the 44 children (24 boys) who were admitted to our de- 
partment from May 1979 to June 1981 for initial treatment of Type 1 
diabetes. Their mean age at diagnosis was 9.4+0.7 years (range 
0.7-16.7 years). These subjects were observed for the initial 2 years. 

All children were seen regularly in the Diabetes Clinic at intervals 
of 1 to 3 months. The aim of the treatment of the patients was clinical 
well-being, the absence of diabetic symptoms, normal growth and an 
optimal metabolic control. Treatment consisted of highly purified in- 
sulin once or usually twice daily, a regulated diet and the recommen- 
dation of regular physical exercise. 

In the cross-sectional study a venous blood sample for the assay of 
serum C-peptide and blood glycosylated haemoglobin A1 (HbA1) was 
obtained at every visit to the Diabetes Clinic. An individual mean se- 
rum C-peptide and mean HbA1 were calculated on the basis of all de- 
terminations (n=2-8/subject)  from each subject during 1980. The 
patients were studied in the postprandial state between 10.00 h and 
12.00h (i.e. between breakfast and lunch). In addition, a 24-h urine 
sample was collected once from the subjects for the measurement of 
urinary C-peptide excretion. In the prospective study the first sample 
for the determination of serum C-peptide concentration and I-tbA1 
level was taken before the initiation of the insulin therapy. The follow- 
ing two samples were taken 10 days and 3 weeks after the commence- 
ment of insulin therapy in the morning before insulin injection and 
subsequently every 3 months from diagnosis at visits to the Diabetes 
Clinic. A blood sample (10 ml) was obtained once in heparinized 
tubes from all subjects for HLA-typing. 

Clinical remission was defined as that period which occurs shortly 
after the diagnosis of diabetes when the daily insulin requirement is 
smaller than 0.5 U/kg and glucosuria is absent or minimal (<  5% of 
the carbohydrates in the recommended diet), and which lasts for at 
least 1 month [11]. 

Methods 

Serum C-peptide concentrations were analyzed according to Heding 
[12] using antiserum M 1230 (Novo Research Institute, Bagsvaerd, 
Denmark). Antibody-bound proinsulin was separated from C-pep- 

tide by polyethylene glycol before the assay [I 3]. The sensitivity of the 
assay was 0.02 nmol/1 and t,he interassay coefficient of variation 10%. 
Urinary C-peptide was quantified by the same method in samples di- 
luted 1 : 20. If necessary, the assay was repeated in more (1 : 40) or less 
(1 : 10) diluted samples. Accordingly the sensitivity of the urinary C- 
peptide assay was 0.2nmol/1. The 24-h urinary C-peptide excretion 
was expressed in relation to the body surface area. The reference 
range of 24-h urinary C-peptide excretion in our laboratory was 
4.5-17.0nmol/m 2 in non-diabetic children. HbA1 levels were mea- 
sured by ion-exchange chromatography using a modification of the 
method described by Welch and Boucher [14]. The reference range in 
nondiabetic children was 7.0-10.2%, with a mean_+SEM of 8.6+ 
0.1%. Eight HLA antigens in the A locus (A1, 2, 3, 9, 10, 11, w19 and 
28), 16 in the B locus (B5, 7, 8, 12, 13, 14, 15, w16, 17, 18, w21, w22, 27, 
w35, 37 and 40) and four in the C locus (Cwl, w2, w3 and w4) were 
determined by the standard two-stage microlymphocytotoxicity test. 
HLA-D typing was done with local homozygous typing cells defining 
specificities Dwl, w2, w3, w4 and w6 [15]. 

Statistical analysis 

The data were statistically evaluated by cross-tabulation and the Fish- 
er exact probability test or chi-square statistics, by the Student's t-test 
in the case of normally distributed variables and the Mann-Whitney 
U-test in the case of unequal distribution. The results are expressed as 
mean _ SEM. 

Results 

Eighty-eight children (61.1%) in the cross-sectional 
study had a mean serum C-peptide concentration high- 
er than the detection limit. The mean of individual 
mean serum C-peptide concentrations was 0.07+ 
0.01 nmol/1 (range 0.00-0.47 nmol/1). The urinary C- 
peptide excretion exceeded the detection limit in 87 pat- 
ients (60.4%). The mean 24-h urinary C-peptide excre- 
tion was 1.19_+0.17 nmol/m 2 (range 0.00-15.11 nmol/  
m2). The urinary C-peptide excretion was within the 
reference range of nondiabetic children in 13 diabetic 
children (9.0%). The 24-h urinary C-peptide excretion 
correlated strongly with the mean serum C-peptide con- 
centration ( r=  0.79; p < 0.001). There was no relation- 
ship between mean serum C-peptide concentrations or 
24-h urinary C-peptide excretion and any particular 
HLA antigen in the A, B or C locus (data not shown). 
The presence of a single high risk antigen in the D locus 
did not affect the residual B cell function (Table 1). 
However, the Dw3/Dw4 heterozygotes had both a de- 
creased mean serum C-peptide concentration and a 
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Fig.l.  Serum C-peptide concentrations (mean_+SEM) over the 
initial two years in 6 HLA-Dw3/Dw4 heterozygous diabetic chil- 
dren (O----O) and in 38 children without the Dw3/Dw4 combination 
(O ..... O) (p <0.01 at 21 months; p<0 .05  at 24months for children 
without the Dw3/Dw4 combination) 

(0.69±0.08 vs. 0.53_+0.01 U/kg;  p <0.05) than in the 
other children. The individuals with the Dw3/Dw4 
combination had a lower HbAt level at diagnosis 
(13.7 _+ 0.3 vs. 17.7 + 0.6%; p < 0.05) and 10 days later 
(12.7+0.7 vs. 15.5+0.4%; p<0.05)  when compared 
with the other subjects. Subsequently no significant dif- 
ferences were seen in the HbA1 levels between the two 
groups. 

In the prospective series, the Dw3/Dw4 heterozy- 
gotes had a younger age, 6.7 +2.5 years, at diagnosis 
than those without the Dw3/Dw4 combination, 9.8 + 
0.7 years, although the difference was not statistically 
significant. However, the proportion of children under 
5 years of age at clinical manifestation was higher 
among the Dw3/Dw4 heterozygotes than among the 
other diabetic children (p < 0.02). 

Discussion 

lower urinary C-peptide excretion than the other sub- 
jects. 

The subsequent analysis of characteristics of the 
clinical course and metabolic control in Dw3/Dw4 het- 
erozygotes showed that there were no significant differ- 
ences in the age at clinical manifestation of diabetes or 
in the duration of the disease between the Dw3/Dw4 
heterozygotes and the other diabetic children (Table 2). 
The daily insulin dose was of the same magnitude in 
both groups. On the other hand, the Dw3/Dw4 
heterozygotes had a shorter clinical remission and a 
higher mean HbAt level during 1980 than those who 
carried one or no high risk D antigen. 

In the prospective study the serum C-peptide con- 
centrations were of the same magnitude in the 
Dw3/Dw4 heterozygotes and in the other subjects at 
clinical manifestation and during the first month after 
diagnosis (Fig. 1). However, the B-cell function started 
to decline in those with the Dw3/Dw4 combination af- 
ter 3 weeks, whereas the C-peptide peak occurred more 
than two months later in the other children. Subse- 
quently the Dw3/Dw4 heterozygotes had lower serum 
C-peptide levels; from 21 months onwards the endoge- 
nous insulin secretion was significantly decreased 
(21 months: p < 0.01 ; 24 months: p < 0.05) in the 
Dw3/Dw4 heterozygotes in comparison with the other 
patients. 

None of the six Dw3/Dw4 heterozygous patients 
had ketoacidosis at onset, whereas 24 out of the 38 
Dw3/Dw4 nonheterozygotes (p <0.01) were ketoaci- 
dotic at diagnosis. The daily dose of exogenous insulin 
was lower in the children with the Dw3/Dw4 combina- 
tion during the initial treatment (day 1:0.53 ___ 0.06 vs. 
1.27 ___ 0.12 U/kg ; p<0 .05  and day10:0 .34+0 .06  vs. 
0.55 + 0.04; p < 0.05) than in the remaining subjects. On 
the contrary, the daily insulin dose was higher at 
21 months' duration in the Dw3/Dw4 heterozygotes 

This study provides evidence for the existence of a dis- 
tinct form of Type 1 diabetes in childhood associated 
with Dw3/Dw4 heterozygosity. Our observations indi- 
cate that this form is characterized by a reduced residu- 
al B-cell function, a clinical remission of short duration 
and a particularly impaired metabolic control. The pro- 
spective study suggests that the reduced B-cell function 
in Dw3/Dw4 heterozygotes is a consequence of an ac- 
celerated B-cell destruction during the initial course of 
the disease. 

The mechanisms behind the low endogenous insu- 
lin secretion in Dw3/Dw4 heterozygotes remain to be 
defined. Our results are compatible with the hypothesis 
of an aggregation of diabetogenic factors in 
D(R)3/D(R)4 heterozygotes. The subjects with this 
combination are known to carry an increased relative 
risk of diabetes even when compared to homozygotes 
with D(R)3 or D(R)4 [5, 16, 17]. There is also a more 
common occurrence of D(R)3/D(R)4 heterozygotes in 
familial cases and among those of a young age at diag- 
nosis [16, 18]. The higher risk of these heterozygotes 
may be due to an exaggerated vulnerability of their B 
cells to various damaging agents, which after the mani- 
festation of overt diabetes can be reflected in a more 
rapid destruction process of the B cells. 

In a previous study Ludvigsson et al. [19] found a 
tendency towards a decreased incidence of detectable 
serum C-peptide concentrations in diabetic children 
with the HLA-B8/B15 combination. Since Dw3 and 
Dw4 are in linkage disequilibrium with B 8 and B 15, 
our findings substantiate their observations. On the oth- 
er hand, the present results are contradictory to those of 
Hoogwerf et al. [8], who reported a positive association 
between HLA-DR4 and residual B-cell function. This 
may be due to the fact that insulin antibody-bound 
proinsulin was not removed from the serum samples be- 
fore the assay of C-peptide in that study. The potential 
significance of this drawback is emphasized by their 
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concomitant  observation of  increased insulin antibody 
levels in DR4 positive subjects. Another  possible expla- 
nation to the conflicting results is that we studied Dw 
antigens defined by homozygous typing cells, whereas 
serologically defined D R  antigens were determined in 
the other study. Bach et al. [20] observed in a recent 
study a considerably increased frequency of  Dw4 in 
DR4 positive diabetic patients as compared with con- 
trols. They concluded that Type 1 diabetes may be more 
closely related to the Dw than to the D R  antigens. Simi- 
larly Sheehy et al. [21] showed in another  report  that a 
particular subset of  the DR4 antigen, called "DR4S",  
accounts for all or at least most of  the DR4 association 
in Type I diabetes. Those observations as well as our 
present results suggest that that Dw typing may be more 
discriminating than D R  typing in the analysis of  the ge- 
netic and clinical heterogeneity of  Type I diabetes. 

In the cross-sectional series of  the present study 
there was no significant difference in the mean age at 
diagnosis between the D w 3 / D w 4  heterozygotes and the 
other subjects 'whereas the proport ion of  young chil- 
dren was increased among the D w 3 / D w 4  heterozy- 
gotes in the prospective series. The latter observation is 
in agreement with the age distribution in a larger series 
of  Finnish diabetic children [22]. In previous studies 
[23-25], an early age at the clinical manifestation of  dia- 
betes has been shown to be a factor with a negative ef- 
fect on the residual B-cell function. This could be a con- 
sequence of  a greater number  of  subjects with the 
D w 3 / D w 4  combinat ion and accordingly an accentuat- 
ed vulnerability of  their B cells in the young age groups. 
On the other hand, it must be noted that a diabetogenic 
insult at an early age may eliminate the subsequent 
growth of  the B-cell mass, the absolute amount  of  which 
increases fourfold from infancy to adul thood in non- 
diabetic individuals [26]. 

In the prospective series the D w 3 / D w 4  heterozy- 
gous children had a milder metabolic decompensat ion 
at the clinical onset of  diabetes. This explains at least 
partly why the D w 3 / D w 4  heterozygotes managed with 
significantly less exogenous insulin than the other pat- 
ients over the initial 10 days. Previous observations [23, 
27] that a more intensive initial insulin treatment can re- 
sult in a prolonged preservation of  the residual B-cell 
function and a clinical remission of  longer duration, 
may to some extent be due to an over-representation of  
D w 3 / D w 4  nonheterozygotes among those patients who 
initially need high insulin doses for the correction of  the 
metabolic derangements at diagnosis but later have a 
milder clinical course. 

Our results give further support  to the concept  of  he- 
terogeneity of  'Type I diabetes and focus attention on 
the need to differentiate the distinct forms of  the disease 
in research on the aetiology, pathogenesis as well as the 
natural history of  diabetes. The present evidence of  a 
clinically more severe course in the initial phase of  dia- 
betes in D w 3 / D w 4  heterozygous children is a challenge 
to further studies on the possible relation between 

D w 3 / D w 4  heterozygosity and the long-term prognosis 
of  the disease. In a study on monozygotic  twins, Nelson 
and Pyke [28] found that the concordant  pairs develop- 
ed diabetic complications more frequently and severely 
than the discordant pairs and that the B8/B15 combina- 
tion was over-represented among the concordant  twins. 
Their  observations indicate that D w 3 / D w 4  heterozy- 
gosity may also be related to the long-term complica- 
tions of  Type 1 diabetes. Finally, the present findings 
may have implications for the treatment of  children 
with Type I diabetes; the subjects with the "unfortu- 
nate" D w 3 / D w 4  combination will need particularly ef- 
ficient therapeutic measures to have a better chance of  
coping with their disease. 
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