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Summary. HLA-DR and MT1, MT2, MT3 genotypes have 
been investigated in 123 Type 1 (insulin-dependent) diabetic 
subjects and their families. Ninety-eight percent of probands 
possessed either DR3 (relative risk = 5.0), or DR4 (relative 
risk = 6.8) or both antigens (relative risk = 14.3), emphasiz- 
ing the strong association of the disease with these two anti- 
gens. Almost 51% of the probands were DR3, DR4 heterozy- 
gotes. The DR antigen combinations of the parents leading to 
DR3, DR4 heterozygous and to DR3 and DR4 homozygous 
offspring were analysed. There was a marked increase in 
DR3, DR4 heterozygosity, but no increase in homozygosity 
for these antigens compared with the expected frequencies. 
These results are compatible with the existence of two suscep- 
tibility genes operating at a locus or at loci closely linked to 
that of HLA-DR. There was a striking reduction of DR7 (rela- 

tive risk = 0A) and only five probands possessed DR2 (rela- 
tive risk = 0.1). In each case, the other inherited allele was 
DR3 or DR4. Linkage disequilibrium between B7 and DR2 
was much lower in the haplotypes of the probands than in the 
'non-diabetic' parental haplotype. In contrast, the association 
of BW62 with DR4 was more pronounced in the haplotypes 
of the probands. There was no increase in recombination fre- 
quency in these families and no strong effect of HLA-DR on 
age of onset could be demonstrated. There was a significant 
shift towards DR identity compared with identity for the 
whole HLA haplotype (A, B, C and DR) in both healthy and 
diabetic siblings (p < 0.025). 

Key words: Type 1 diabetes, HLA-DR genotypes, genetic sus- 
ceptibility. 

It is now widely accepted that the genetic basis of 
Type 1 (insulin-dependent) diabetes is quite different 
from that of Type 2 (non-insulin-dependent) diabetes. 
The different patterns of familial aggregation and the 
studies in identical twins illustrate this genetic hetero- 
geneity at the clinical level, but the scientific evidence to 
confirm the difference in genetic susceptibility of these 
two major forms of diabetes only became available after 
1973, when certain antigens of the HLA-B locus (B15, 
B8, B18, B40) were shown to have a positive association 
with Type 1, but not with Type 2 diabetes [1-3]. Some of 
these studies also showed a significant negative associa- 
tion with B7. Evidence for an HLA linked susceptibility 
gene or genes was provided by studies of multiplex fam- 
ilies [4, 5]. 

A stronger association with DW3 and DW4 was 
found in 1975 [6] and reports of an association with cer- 
tain D-related (DR) antigens soon followed. These find- 
ings were confirmed at the Seventh and Eighth Interna- 
tional Histocompatibility Workshops [7, 8]. However, 
important arguments still exist concerning (a) whether 

there is one or more than one susceptibility gene [9, 10], 
(b) the mode of inheritance [11, 12], (c) the mechanism 
of action of such genes, and (d) whether or not the pres- 
ence of DR3 or DR4 indicates heterogeneity in patho- 
genesis [8]. 

In 1978, a long-term investigation, the 'Barts-Wind- 
sor prospective family study', was started whose aim 
was to compare the immunogenetic characteristics of 
the siblings of Type 1 diabetic subjects who may be po- 
tentially susceptible or non-susceptible to the develop- 
ment of diabetes. We have performed genotyping for 
HLA-DR and for MT1, MT2 and MT3 in a large num- 
ber of these families [13-15]. Most previous studies of 
the HLA-DR system have either analysed DR pheno- 
types only or, in those studies in which DR genotypes 
were considered, not all the recognised DR antigens 
were defined [16, 17]. None included data on MT1, 
MT2, MT3 which might be either 'supertypic' specifici- 
ties which could be considered as public antigens, or 
specificities coded at a different locus to HLA-DR, al- 
though closely linked to it [18]. 
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Subjects and Methods 

Diabetic Families 

One-hundred and twenty-three Caucasoid families living in the 
Windsor area in East Berkshire, UK, were investigated. These families 
were selected because of the presence of one Type 1 diabetic child 
(the proband) and at least one non-diabetic sibling under the age of 
20 years. Two hundred and twenty-eight parents and 326 children out 
of a total of 371 children (88%) were genotyped for HLA-A, B, C and 
DR. Only 20 healthy siblings (5%) were not available for HLA-A, B, C 
and DR typing and 25 healthy siblings (7%) were typed for HLA-A, B, 
C but not for DR. Two of these were expaternal children. Nine fami- 
lies had two and one family had three diabetic children. Sixty-seven of 
the diabetic children were male (mean age of onset 9 years) and 56 
were female (mean age of onset 9 years). In ten families one of the 
parents had Type 1 diabetes. 

Unequivocal HLA-A, B, C and DR genotypes were obtained in 
116 families. In five families, only one haplotype could be detected in 
one of the parents, and so homozygosity was assumed, particularly as 
four cases possessed the commonly found A1, CW7, B8, DR3 haplo- 
type. In two families, DR genotypes could not be established as both 
parents possessed the same DR antigen combinations. 

In 18 families, only one parent was typed for DR and therefore 
one or both parental DR antigens were deduced from the results 
found in the children. In four families, an expaternal child was found 
by HLA-A, B, C typing. Only two of these were DR typed. One of 
them was a diabetic proband and this family (two parents and one 
healthy sibling) was excluded from most analyses. In five families 
there were two pairs of monozygotic and four pairs of dizygotic twins. 
One of the monozygotic and three of the dizygotic twins had Type 1 
diabetes. 

Control Subjects 

Volunteers from St Bartholomew's Hospital were used as healthy ran- 
dom control subjects. All were Caucasoids. Careful family histories 
were taken to exclude diabetes and other autoimmune diseases. 

HLA-A, B, C and-DR Typing 

Blood (10 ml) was collected in 1 ml citrate (3.8%) and later defibrinat- 
ed after adding one to two drops of thrombin (50 IU/ml) and 0.3 ml of 
calcium gluconate (10%). A modified National Institutes of Health 
microlymphocytotoxicity test was used for A, B, C typing [19] and a 
two-colour fluorescence technique was used for DR typing [20]. All 
tests were carried out either on cells obtained from fresh blood (up to 
24 h) or on previously separated cells kept in tissue culture medium 
199 (Wellcome) at room temperature overnight. All A, B, C specifici- 
ties recognised by the World Health Organization Nomenclature 
Committee and other new subgroups (TH, 8W59 etc.) were tested for, 
using a minimum of 120 well characterised antisera. All ten officially 
recognised DR specificities and MTa, MT2, MT3 were defined, using 
a minimum of 60 antisera, including many sera used at the Seventh 
and Eighth International Histocompatibility Workshops. 

Statistical Methods 

In the genotyped families gene frequencies were established by gene 
counting, whereas in the unrelated phenotyped control subjects, the 
gene frequencies were calculated using the formula g = 1 - x/1-Sf, 
where g = gene frequency and f = phenotype frequency. Relative 
risks were calculated using the Woolf method as modified by Haldane 
[21]. The probabilities estimated for comparing patients and control 
subjects were 2 x p, p being derived from the normal probability inte- 
gral of the corresponding Z 2 values, this giving values nearly identical 
with those obtained with Fisher's exact test. These 2p values were then 
corrected according to the numbers of specificities tested. The degree 
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of association was also calculated with the 6 formula of Bengtsson 
and Thomson [22] as fi = (FAD - FAP) / (1 - FAP), where FAD de- 
notes the frequency of the antigen in individuals with the disease and 
FAP the frequency of the antigen in the healthy population. This is 
termed the 'population attributable risk' or 'aetiologic fraction' and is 
a direct measure of the strength of the association between a disease 
susceptibility gene and the alleles of the HLA complex. 

Results 

The gene frequencies for all the recognised DR antigens 
and for MT1, MT2 and MT3 as established by gene 
counting in the 122 Type 1 diabetic probands are shown 
in Table 1. Compared with the unrelated healthy sub- 
jects, the increase in DR3 (2p 1.0 x 10 -5, relative risk = 
5.0) and DR4 (2p 1.0x 10 -5, relative risk = 6.8) in 
Type 1 diabetic patients was confirmed. Only five sub- 
jects possessed DR2 (2p 1.0 x 10 -5, relative risk = 0.1) 
and there was also a significant reduction in the fre- 
quency of DR5 and DR7 (2p 0.7 x 10 -5, relative risk = 
0.06; 2p 1.0x10 -5, relative risk = 0.1 respectively). 
Table 1 also shows the fi-values for the different DR an- 
tigens and their combinations [22]. Positive high values 
were found for DR3 and DR4 and negative values for 
DR2, DR5, the lowest negative value being found for 
DR7. The ranking order for the DR antigens, using fi- 
values, is different from that obtained using relative 
risks, as 6-values are not dependent on antigen frequen- 
cy. Calculations of relative risks have the disadvantage 
of being derived from phenotype and not gene frequen- 
cies. This is also true for fi-values although the latter 
may determine which of the relevant antigens have the 
strongest association with the disease. 

The possible DR combinations are also shown in 
Table 1. Nearly 98% of probands were positive for ei- 
ther DR3 or DR4 and 51% of probands possessed both 
these antigens (2p 1.0 x 10 -5, relative risk = 14.3). In or- 
der to study DR3, DR4 heterozygosity further, we have 
analysed the different parental DR antigen combina- 
tions which could lead to DR3, DR4 heterozygous off- 
spring. There were 71 families in whom possible DR3, 
DR4 offspring could occur. Four families with a single 
DR3, DR4 heterozygous proband had to be excluded 
from this analysis as one of the parents was not typed 
and only one DR allele could be deduced from the 
children (Table 2). In the 22 families where one parent 
possessed one DR3 antigen and the other parent one 
DR4 antigen, 30 out of 64children (47%) were DR3, 
DR4 heterozygous compared with the expected fre- 
quency of 25%. Of these DR3, DR4 heterozygotes, 26 
(87%) had Type 1 diabetes. A similar trend towards in- 
creased observed DR3, DR4 heterozygosity was also 
seen in most of the other parental DR antigen combina- 
tions. 

The same approach was used to determine the fre- 
quency of DR3 and DR4 homozygotes (Table 3). Thus, 
in 23 families in which there was the possibility of DR3 
homozygous offspring and in 26 families in which there 
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Table 1. HLA-DR gene and phenotype frequencies in Type I diabetic probands and healthy subjects 

Antigen 

Diabetic probands Heathy Diabetic probands Healthy subjects zZ(Yates) Corrected 
subjects 2 p value 

(n = 122) (n = 110) (n = 122) (n = 110) (Fisher 
exact test) 

No. of Gene Gene No. Phenotype No. Phenotype 
haplo- frequency frequency positive frequency positive frequency 
types 

Relative 95% 
risk Confidence (Bengts- 
(Haldane) limits of son) [22] 
[21] relative risk 

DR1 20 8.2 9.5 19 15.6 20 18.2 0.13 NS 0.83 0.42- 1.64 -0 .03 
DR2 5 2.0 15.3 5 4.1 31 28.2 23.79 1 . 0 x l 0  -5 0.12 0.05- 0.31 -0 .34  
DR3 95 38.9 17.4 86 70.5 35 31.8 33.14 1.0x10 -5 5.04 2.89- 8.79 0.57 
DR4 101 41.4 18.5 95 77.9 37 33.6 44.36 i . 0 x 1 0  5 6.80 3.82-12.14 0.67 
DR5 1 0.4 9.0 1 0.8 19 17.3 17.84 0 .7x10 -5 0.06 0.01- 0.31 -0 .20  
DRW6 8 3.3 6.6 8 6.6 14 12.7 1.90 NS 0.50 0.20- 1.20 -0 .07  
DR7 7 2.9 19.7 7 5.7 39 35.5 30.29 1.0x10 -5 0.12 0.05- 0.27 -0 .46  
DRW8 2 0.8 1.4 2 1.6 3 2.7 0.01 NS 0.64 0.12- 3.30 -0.01 
DRW9 5 2.0 1.4 5 4.1 3 2.7 0.04 NS 1.44 0.37- 5.63 0.01 
DRW10 0 0.0 0.9 0 0.0 2 1.8 0.62 NS 0.18 0.01- 3.73 -0 .02  
DRb lank  0 0.0 0.8 16 13.1 17 15.5 0.10 NS 0.83 0.40- 1.71 -0 .03  
MT1 33 13.5 32.5 32 26.2 60 54.5 18.22 1.0x10 -4 0.30 0.17- 0.52 -0 .63  
MT2 106 43.4 34.0 94 77.0 62 56.4 10.32 1.3 X 10 - 2  2.57 1.47- 4.51 0.47 
MT3 113 46.3 38.2 103 84.0 68 61.8 14.11 2 .0x10 -3 3.29 1.78- 6.10 0.59 
DR3, DR4 62 50.8 7 6.4 52.60 1.0 x 10 -5 14.26 6.27-32.41 0.47 
DR3, DR3 9 7.4 

28 25.5 0.80 NS 0.72 0.39- 1.33 -0 .05 
DR3, DR* 15 12.3 
DR4, DR4 6 4.9 

30 27.3 0.01 NS 0.99 0.56- 1.76 -0 .02  
DR4, DR* 27 22.1 
DR*, DR* 3 2.5 45 40.9 49.80 1.0x 10 -5 0.40 0.01- 0.13 -0 .68 

DR* symbolizes one of the following DR antigens: DR1, DR2, DR5, DRW6, DR7, DRW8, DRW9, DRW10 or DR blank. NS = not significant 

was the possibility of  DR4 homozygous offspring, the 
observed frequency of homozygous children was in the 
expected range. Thirty percent were DR3 homozygous 
and 20% were DR4 homozygous compared with the ex- 
pected 25%, when the parents had two DR antigens in 
common. When the parents had three DR antigens in 
common, 60% were DR3 homozygous and 50% were 
DR4 homozygous, compared with the expected 50%. 
The distribution of DR3 and DR4 homozygosity was 
approximately equal in affected and unaffected chil- 
dren. Overall, there were ten DR3 homozygous (nine 
probands and one diabetic sibling) and six DR4 homo- 
zygous probands. 

HLA haplotype identity (A, B, C and DR) with the 
proband for 178 healthy siblings and 11 Type 1 diabetic 
siblings is shown in Table 4. Thirteen healthy children 
belonging to seven families were excluded from this 
analysis because one child was expaternal. In nine 
others HLA identity or haplo-identity could not be es- 
tablished unequivocally because one of their parents 
was homozygous for HLA-A, B, C and DR and three 
children had to be excluded because one parent was not 
tested. Fifty of the healthy siblings and two of the dia- 
betic siblings were HLA non-identical with the pro- 
band. If  identity for DR is considered on its own, there 
is a significant shift towards DR identity and haplo- 
identity in both the healthy and the diabetic siblings 
(p < 0.025) compared with identity for the whole haplo- 
type. Of particular interest were the two HLA non- 
identical diabetic siblings, one of whom became DR 

identical and one haplo-identical as a result of recombi- 
nation. 

Altogether we found four A-C recombinations (two 
in diabetic children and two in healthy siblings) and 
four B-DR recombinations, three occurring in Type 1 
diabetics (two probands and one diabetic sibling). All 
the B-DR recombinations and one of the four A-C re- 
combinations were of maternal origin. The frequency of 
A-C  recombination in 502informative meioses was 
0.8% and of B-DR recombination in 420 informative 
meioses was 0.9%. Two expaternal children were ex- 
cluded, together with the children of  the two families in 
whom the parents possessed the same DR combina- 
tions, all children of five families in whom one parent 
was homozygous for A, B, C and DR and all children of 
families in whom one or both parents were homozygous 
for HLA-A or DR locus antigens respectively. This way 
all hidden A-C and B - D R  recombinants were ex- 
cluded. No B-C recombination was found and no 
cross-over was observed between the DR-locus and the 
MT system [13-15]. 

Table 5 shows how often the different DR antigens 
occurred together in the same haplotype with the B- 
locus antigens relevant to Type I diabetes. Whereas 
70% of the DR3 positive haplotypes were B8 positive in 
both the diabetic (A x 1000 = 159, Z 2 = 55.5) and 'non- 
diabetic' (,4 • 1000= 91, Z 2 = 73.8) haplotypes, 39% of 
the DR4 positive haplotypes were BW62 in the diabetic 
haplotypes (A x 1000 = 81, Z 2 = 19.9) and only 9% in 
the 'non-diabetic' haplotypes (A x 1000 = 9, Z 2 = 1.1). 
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Table 2. DR3, DR4 heterozygosity in 67 families 
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Parental DR combinations No. of families No. of children No. of DR3, DR4 heterozygous children 

Total (%) Diabetic Healthy 
No. probands children 

Expected frequency 
of DR3, DR4 
heterozygous 
children (%) 

DR3, DR* versus DR4, DR* 22 64 30 47 26 4 

DR3, DR4 versus DR3, DR* 12 40 
18 32 13 5 

DR3, DR4 versus DR4, DR* 6 16 

DR3, DR3 versus DR4, DR* 8 16 
28 74 18 10 

DR4, DR4 versus DR3, DR* 9 22 

DR3, DR4 versus DR3, DR4 3 6 5 83 2 3 

DR3, DR4 versus DR3, DR3 2 7 
10 50 4 6 

DR3, DR4 versus DR4, DR4 4 13 

DR3, DR3 versus DR4, DR4 1 2 1 100 1 1 

25 

50 

100 

Overall there were 68 DR3, DR4 heterozygous diabetic children (62 probands and six diabetic siblings) DR* = DR1, DR2, DR5, DRW6, DR7, 
DRW8, DRW9 or DRW10 

Twenty percent of the DR2 positive diabetic haplotypes 
were B7 positive (A • 1000 = 3, Z 2 = 0.1) in contrast with 
53% of the 'non-diabetic' haplotypes (A x 1000 = 68, 
2'2=29.9). 

In our study there were 16 B7 positive probands, but 
only one of these was DR2 positive. His mother was A2, 
CW7, B7, DR2 homozygous. One B7 positive proband 
was a B-DR recombinant and inherited DR1 instead of 
DR2. Nine of the B7 positive probands were DR4 posi- 
tive (Table 5). There were, however, another four DR2 
positive Type 1 diabetic patients without B7. All five 
DR2 positive subjects possessed either DR3 or DR4 as 
the alternative DR allele. 

Not a single CW6, BW57, DR7 haplotype was 
found in the diabetic probands, whereas there were 
seven 'non-diabetic' parental haplotypes containing 
these specificities. The most commonly found haplo- 
type in these Type 1 diabetic families was the A1, CW7, 
B8, DR3. In 43 families with a single, informative A1, 
CW7, B8, DR3 haplotype, there were 113 children of 
whom 60% inherited this particular haplotype com- 
pared with the alternative parental haplotype (Z 2 = 
4.47,p < 0.05). 

We were unable to demonstrate any association be- 
tween DR and age of onset. In the three age groups ana- 
lysed (0-5, 6-10 and l l -25years) ,  the frequency of 
DR3, DR4 heterozygosity was 47%, 56% and 49%, re- 
spectively, and the overall frequency of DR4 was 74%, 
79% and 80% respectively. The mean age of onset for 
DR4 positive probands was 9.1 years and the mean age 
of onset for DR3 positive probands was 8.9 years and 
for probands who possessed both DR3 and DR4 the 
mean age of onset was 9.2 years. It was claimed at the 
Eighth Histocompatibility Workshop [8] that DR4 was 
significantly more frequent if the onset of the disease is 
in the last 3 months of the year. We have compared the 
frequencies of the different DR antigen combinations 
(DR3, DR4; DR3, DR*; DR4, DR*) in this period with 
the frequencies of these combinations in the other 

months of the year, including the spring peak. No dif- 
ferences were found. 

Discussion 

The results from the present study emphasize the strong 
association of Type 1 diabetes with the two DR anti- 
gens, DR3 and DR4. In fact, 98% of the Type 1 diabetic 
probands studied possessed either DR3 or DR4 or both. 
This raises the possibility that these antigens themselves 
might be directly involved in the initial pathogenesis of 
pancreatic B cell destruction. Although it is very likely 
that DR antigens are not expressed on healthy islet 
cells, it is possible that they may be expressed after da- 
mage (e. g. by viruses). 

An alternative explanation for their high frequency 
could be the existence of immune response genes in 
linkage disequilibrium with DR3 and DR4 respectively 
which control the underlying susceptibility to diabetes. 
An important question concerns whether one or two 
different genes are operating. We have attempted to ex- 
amine this problem by high-lighting the importance of 
DR3, DR4 heterozygosity in markedly increasing the 
susceptibility to diabetes, compared with the risk of 
possessing DR3 or DR4 alone. We believe that these re- 
sults are best interpreted by postulating the existence of 
two separate susceptibility genes operating in an inter- 
active way. A powerful argument in favour of this is the 
lack of increase of DR3 and DR4 homozygotes in the 
diabetic subjects. 

No attempt has previously been made to analyse the 
different parental DR antigen combinations which 
could lead to DR3, DR4 heterozygous or DR3 or DR4 
homozygous offspring. Out of the 186 children belong- 
ing to 67 families, 93 (50%) were DR3, DR4 heterozy- 
gous. This represents a marked excess compared with 
the expected frequency, particularly when one consid- 
ers that in 26 families (64 children) the chances for a 
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Table 3. DR3 and DR4 homozygosity in 49 families 
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Antigen No. of DR3- or DR4- No. of No. of No. of homozygous children" No. of heterozygous children b 
positive haplotypes in families children 
both parents Total (%) Diabetic Healthy Total (%) Diabetic Healthy 

No. probands children No. probands children 

DR3 

DR4 

2 18 54 16 30 7 9 38 70 12 26 
3 4 10 6 60 2 4 4 40 2 2 
4 1 2 2 100 1 1 0 

2 20 46 9 20 4 5 37 80 15 22 
3 5 16 8 50 1 7 8 50 5 3 
4 1 3 3 100 1 2 0 

Overall there were ten DR3 homozygous (nine probands and one diabetic sibling) and six DR4 homozygous diabetic children (all probands). 
Expected frequency of DR3 or DR4 homozygous children is 25% when there are two, 50% when there are three and 100% when there are four 
haplotypes with either DR3 or DR4 in both parents, b Heterozygous children are either DR3, DR*; DR4, DR*; DR3, DR4 or DR*, DR* 
(DR* = DR1, DR2, DR5, DRW6, DR7, DRW8, DRW9 or DRW10) 

Table 4. HLA haplotype (A, B, C and DR) and DR identity in relation 
to the probands 

Healthy siblings 
(n = 178) 

Diabetic siblings (n = 11) 

Iden- Haplo- Non- Iden- Haplo- Non- 
tical iden- iden- tical iden- iden- 

tical tical tical tical 

HLA haplotype 
(A, B, C 33 95 50 5 4 2 a 
and DR) 

DR alone 49 102 27 6 5 0 

a One A-C  recombination led to DR identity and one B - D R  recombi- 
nation led to DR haplo-identity 

DR3, DR4 heterozygous child was 50% and in one fam- 
ily (two children) even 100%. The majority (69%) of 
these DR3, DR4 heterozygous children had Type 1 dia- 
betes. Although these families were a priori selected for 
the presence of a diabetic child the excess of DR3, DR4 
heterozygosity over the other possible DR combina- 
tions was higher than expected. In contrast, the number 
of observed DR3 and DR4 homozygous children was in 
the 'expected' range. 

There was a significant tendency for DR identity to 
be more pronounced than HLA-A, B, C and DR haplo- 
type identity in both healthy and diabetic siblings. 
There was only a small number of affected siblings (n = 
11) and all of these were DR-identical or haplo-iden- 
tical with the proband. Two of them were HLA-A, B, C 
non-identical with the proband but, due to recombina- 
tion, they became DR-identical and DR haplo-identical 
respectively. These findings are consistent with the hy- 
pothesis that identity for the D, DR end of the chromo- 
some is more important than identity for the whole hap- 
plotype in determining susceptibility to diabetes. 

The frequencies of A-C and B-DR recombination 
were 0.7% and 0.9% respectively. The recombination 
rate was similar in affected and non-affected children. 
No recombination was found between the DR-locus 
and the MT system. One B-DR recombinant was not in- 
formative and in the two other B-DR recombinants the 

appropriate MT specificity travelled with the DR end of 
the chromosome. It has been reported that one of these 
recombinants was a cross-over between the established 
DR-locus and a postulated new DR-locus [23]. We 
could not confirm this using the MT system. 

The strength of linkage disequilibrium seen in the 
haplotypes of diabetic probands was different from that 
observed in the 'non-diabetic' parental haplotypes, 
especially with regard to BW62-DR4, B7-DR2 and 
BW57-DR7. Whereas B8-DR3 showed the same 
amount of association in both types of haplotypes, 39% 
of all DR4 haplotypes of the probands were BW62 posi- 
tive compared with 9% in the 'non-diabetic' haplotypes. 
Only one proband was B7 and DR2 positive so that on- 
ly 6% of all B7 positive haplotypes were associated with 
DR2 compared with 60% of all B7 positive 'non-diabet- 
ic' haplotypes. That is, 20% of DR2 haplotypes of pro- 
bands were B7 positive, in contrast to 53% of the 'non- 
diabetic' B7 haplotypes. 

No CW6, BW57, DR7 haplotype was found in the 
diabetic probands. In contrast, there were seven 'non- 
diabetic' parental haplotypes containing these specifici- 
ties. Twenty-four percent of all DR7 positive 'non-dia- 
betic' parental haplotypes were BW57 positive and 70% 
of all BW57 positive 'non-diabetic' parental haplotypes 
were associated with DR7. These results indicate for the 
first time the importance of the low frequency of DR7 
in Type 1 diabetes. That the strength of linkage disequi- 
librium found in haplotypes of diabetic probands is dif- 
ferent from that found in 'non-diabetic' parental haplo- 
types may have important implications. Variable 
strength of linkage disequilibrium may also exist in 
other diseases which have HLA associations. 

Only five Type 1 diabetic children possessed DR2, 
and in each case the alternative allele inherited from the 
other parent was either DR3 or DR4. Similarly, of the 
eleven DR7 positive Type I diabetic probands, six pos- 
sessed DR4 and three DR3 as the alternative allele. 

B7 was mainly associated with DR4 in the diabetic 
haplotypes in contrast with the 'non-diabetic' parental 
haplotypes where the strong linkage disequilibrium be- 
tween B7 and DR2 was maintained. This again raises 
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Table 5. HLA-DR in relation to certain HLA-B antigens based on 232 haplotypes of 116 diabetic probands (P) and 'non-diabetic' parental haplo- 
types (ND) 

Antigen No. of DR haplotypes B8 B18 BW62 BW60 B7 BW57 

ND b P ND P ND P ND P ND P ND P ND 

DR1 18 21 1 - - - 2 2 - 1 - 2 - 1 
DR2 5 40 - 1 1 1 - 1 - - 1 21 - - 
DR3 91 34 64 24 11 2 3 1 - 1 4 2 1 - 
DR4 96 43 3 1 2 1 37 4 16 4 9 5 1 2 
DR5 1 21 - 2 1 I . . . . .  2 - - 
DRW6 8 17 . . . .  2 1 I - 2 3 1 - 
DR7 6 29 1 2 - 1 - - 1 2 - - - 7 
DRW8 2 3 . . . . . .  1 . . . . .  
DRW9 5 1 - - 1 - - 1 1 . . . . .  
DRW10 - 2 . . . . . . . . . . . .  

No. of B 232 211 69 30 16 6 44 10 20 8 16 35 3 10 
haplotypes 

a Based on 116 probands because fot/r recombinant probands, two probands in whom only phenotypes could be established and the one expater- 
nal proband were excluded, b 'Non-diabetic' parental haplotypes are defined as those unequivocally established haplotypes which never appear 
in either a diabetic parent or any diabetic child. All haplotypes involved in recombinations were excluded. As there are no adequate data available 
from healthy families, we used this approach to show the different degree of linkage disequilibrium between B and DR antigens in diabetic and 
'non-diabetic' haplotypes 

the question of whether or not there are immune re- 
sponse mechanisms determined by a gene or genes in 
linkage disequilibrium with both DR2 and DR7 which 
afford protection against B cell damage by certain pan- 
creatotropic viruses. This is a complex problem because 
when certain antigens are shown to have an increased 
frequency in patients with a particular disease, it fol- 
lows that other antigens coded by genes at the same lo- 
cus will show some resultant decrease in frequency. The 
virtual absence of DR2 in Type 1 diabetic probands, the 
reduced linkage of DR2 and B7 in diabetic haplotypes 
and the anecdotal B-DR recombinant involving DR2 
suggest that this may not be a secondary phenomenon. 

Previously we reported that in 150HLA-A, B, C 
genotyped families there was a significant increased fre- 
quency of the A1, B8 haplotype compared with the al- 
ternative haplotype [24]. In the present study, we con- 
sidered only those families with a single informative 
A1-CW7-B8-DR3 haplotype. Sixty percent of children 
inherited this particular haplotype compared with the 
expected 50% (p < 0.05). 

At the Eighth Histocompatibility Workshop [8], 
some evidence was put forward to suggest that there 
may be an association of DR4 with a younger age of on- 
set of Type I diabetes and also with the season of onset. 
We have not been able to confirm this in the present 
study. 

In conclusion, the very high frequency of DR3 and 
DR4 in Type 1 diabetic subjects and the hypothesis that 
these antigens themselves might be involved in the in- 
itial damage to the pancreatic B cells raises important 
speculative ideas for possible future therapy of this dis- 
ease, particularly during the long prediabetic period be- 
fore metabolic decompensation occurs [25]. It now 
seems clear from this and other studies [16, 17] that 
HLA-DR genotyping allows the identification of sib- 

lings who are at risk of developing diabetes. This pro- 
vides valuable cohorts for long term follow-up with par- 
ticular reference to DR dependent cellular immune 
events which may be operating in the initial pathogene- 
sis. 
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