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Summary. H L A - D  specificities have been investi- 
gated in 58 classical Type 1 diabetics and 43 healthy 
subjects. Both groups were selected according to the 
HLA-B locus antigens which are known to have a 
significant positive or negative association with the 
disease. The results indicate that (1) the primary 
association of the disease is with HLA-DW3,  (2) the 
increased frequency of DW4 in diabetics with rare 
exception is co-existent with the presence of DW3, 
(3) the low frequency of DW2 is secondary to the 
increase in DW3 and/or DW4, a n d  is not consistent 
with a primary 'protective' role. It is suggested that 
these data support the hypothesis of interaction be- 
tween I-{LA-linked genes operating by separate 
mechanisms to confer the susceptibility to young 
onset Type 1 diabetes (Type 1 A). 
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Furthermore, subjects who are positive for determi- 
nants from both axes (e.g. HLA-B8,  B15), have an 
additive risk [1-6]. 

One interpretation of these findings is that there 
are two HLA-l inked genes operating by different 
mechanisms which confer the susceptibility [4-7]. In 
contrast, Rubinstein et al. [8] have argued that the 
predisposition is more compatible with recessive 
inheritance because they found that diabetic siblings 
were identical for the same H L A - D  locus determi- 
nants. 

It has also been shown that HLA-B7 and HLA-  
DW2 have a very low frequency in Type 1 diabetics, 
which has led to the idea that there may be important 
genes in linkage disequilibrium with the HLA-DW2-  
B7 axis which confer "protection" or "resistance" to 
the development of the disease [4, 6]. 

To test these hypotheses further, we have studied 
Type 1 diabetic patients and controls who were posi- 
tive for the relevant HLA-B locus antigens, i.e. 
HLA-BT, I -~A-B8 and HLA-B15.  

There is good evidence that the major genetic sus- 
ceptibility to insulin dependent (Type 1) diabetes is 
encoded by genes within the H L A  complex and is 
associated with an increased incidence of particular 
H L A  specificities [1-6]. Thus, there is a two to three 
fold increased relative risk of developing the disease 
in people with the antigens HLA-B8 or HLA-B15.  
Preliminary evidence for a higher relative risk in sub- 
jects with H L A-DW3 and HLA-DW4 has been 
reported [5, 6]. From the established linkage dis- 
equilibrium between HLA-A1-B8-DW3 and be- 
tween HLA-A2-B15-CW3-DW4 in Caucasoids, it 
has been possible to construct two corresponding 
axes of susceptibility in Type 1 diabetes [2, 4, 5]. 

Patients and Methods 

Fifty eight classical Type 1 diabetics (age of onset 2-16 years; 
mean 8.8 years) and 43 healthy subjects were selected and tested 
simultaneously. The diabetics were chosen from a current prospec- 
tive familiy study. 

Seven HLA-D locus specificities (DWl-DW7) were deter- 
mined by the mixed lymphocyte culture (MLC) technique accord- 
ing to the standards proposed by the 1977 Histocompatibility 
Workshop [9]. The homozygous typing cells used for the definition 
of DW2 and DW3 were accredited by the appropriate reference 
laboratories (information available from J. A. S.). The definition 
of DW4 was assessed by two new homozygous typing cells, both of 
which gave high correlation coefficients with cells used in the 1977 
Histocompatibility Workshop [9] to define the same specificity. 
Definition of DW2 was based on a typing response with the 
homozygous typing cells according to the scoring method of Men- 
del et al. [10]. Since this method is suitable for responder panels 
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Table 1. Distribution of HLA-DW specificities in relation to the HLA-B locus antigens in diabetics and controls 

HLA-D locus determinants HLA-B locus determinants 
US, X b B15, X a B7, X b 
Diabetics Controls Diabetics Controls Diabetics Controls 

DW2, X . . . .  4 4 
DW3, X 12 l0 - - 6 2 
DW4, X - 1 1 7 1 1 

DW3, DW4 12 2 18 1 9 - 

DW2, DW3 
- 3 - - 2 5 

DW2, DW4 J 
Others - 5 - 4 4 4 

Total 24 21 19 12 26 16 

a Includes subjects who are HLA-B8, B15: Diabetics (n = 6); Controls (n = 1) 
b Includes subjects who are HLA-B8, B7: Diabetics (n = 5); Controls (n = 5) 
X = another specificity other than HLA-B8, HLA-B15 or HLA-B7 respectively 

Table 2. Analysis of HLA-DW specificities in diabetics and controls 

HLA-D Diabetics Controls Chi-squared P value b Relative Risk a 
(n = 58) (n = 43) (Yates) (Haldane) 

DW3, X 47 (81%) 14 (33%) 22.3 6.2 x 10 -6 8.4 
DW4, X 32 (55%) 15 (35%) 3.3 0.21 2.3 
DW3, DW4 29 (50%) 2 (5%) 21.8 2.1 • 10 .6 16.6 
DW2, X 6 (10%) 10 (23%) 2.2 0.49 0.4 

a the relative risk applies only to the selected data as described in 'patients and methods' 
b the p values shown are corrected for the number of speeificities tested for 
X = any other specificity 

with relatively few typing responses, the conventional double nor- 
malised values method [11] was modified for the identification of 
the DW3 and DW4 specificities where they appeared to occur with 
a frequency of more than 50% of the test responder panels. Thus, 
an individual with a value of less than 30% of the median of three 
negative control cells was considered to be DW3 or DW4 positive. 

The relative risks were computed by the Woolf method [12] 
(modified by Haldane). The p values were obtained by the Fisher- 
Irwin method and corrected for the number of specificites tested 
for. 

Results 

The frequencies of HLA-DW2, HLA-DW3 and 
HLA-DW4 in relation to the HLA-B locus antigens 
are shown in Table 1. Thus, all the HLA-B8 positive 
diabetics were DW3 compared with 57% of the con- 
trols. All HLA-B15 positive diabetics were HLA- 
DW4 and 18 out of 19 (95%) had HLA-DW3 as 
well, though only six of these were HLA-B8. In the 
control group, 8 out of 12 had HLA-DW4, but in 
contrast only one subject (8%) had both HLA-DW3 
with HLA-DW4. 

Of 26 HLA-B7 positive diabetics, only 6 (23%) 
were HLA-DW2 compared with nine out of 16 
(56%) in the controls. Two of the HLA-DW2 posi- 
tive diabetics also had ItLA-DW3, but it is of par- 

ticular interest that 18 out of 26 (69%) of this group 
possessed t-ILA-DW3 and/or HLA-DW4. 

In Table 2 we compared the overall frequencies 
of HLA-DW2, HLA-DW3 and HLA-DW4 between 
the diabetics and the controls. Thus, in this selected 
series, there is a highly significant increased fre- 
quency of HLA-DW3, X (p = 6.2 • 10-6; relative 
risk = 8.4), whereas the frequency of HLA-DW4, X 
is not significant in the diabetics when corrected for 
the number of specificities tested for (p = 0.21; rela- 
tive risk = 2.3). However, the most interesting fea- 
ture is the striking co-existence of HLA-DW3 with 
HLA-DW4 in the diabetics (p = 2.1 • 10-6; rela- 
tive risk = 16.6). Although there is a low relative 
risk in respect of HLA-DW2 (0.4), this was not sig- 
nificantly different from the controls (p = 0.49). 

Discussion 

This study was performed on individuals selected for 
the presence of particular HLA-B locus antigens in 
order to investigate the genetic basis of the HLA-D 
locus association with Type 1 diabetes. The data 
strongly support the concept that the HLA-DW3 
determinant is the primary association with the dis- 
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ease [4-6]. There is also a significant increase in the 
frequency of HLA-DW4. Thus, the associations first 
observed with HLA-B8 and HLA-B15 are undoubt- 
edly secondary to the established linkage disequilib- 
rium with HLA-DW3 and HLA-DW4 respectively. 
A striking feature of the present study is the co-ex- 
istence of HLA-DW4 with HLA-DW3 in all the 
patient groups studied including those selected for 
the presence of HLA-B7 (Table 1). Only two dia- 
betic patients possessed HLA-DW4 alone. There- 
fore, we would claim that the major genetic suscepti- 
bility to Type 1 diabetes is conferred by a gene or 
genes in linkage disequilibrium with HLA-DW3. 

An important question is whether these data sup- 
port the theory of autosomal recessive inheritance or 
are more consistent with the concept of HLA gene 
interaction. In respect to the latter, it might be pro- 
posed that a gene in linkage disequilibrium with 
HLA-DW4 is on its own a weak susceptibility factor, 
but when present with the major susceptibility gene 
(in linkage disequilibrium with HLA-DW3), the 
result is a markedly enhanced risk of beta cell des- 
truction. We feel our results support this hypothesis. 

If we consider the hypothesis of an autosomal 
recessive inheritance, it would be expected that there 
should be an increased frequency of subjects with 
HLA-DW3 alone, or HLA-DW4 alone, suggesting 
possible homozygosity for the same HLA-D linked 
'diabetogenic' gene. In this series there were no pos- 
sible homozygous HLA-DW4 diabetics, and overall 
there were only nine possible HLA-DW3 homozy- 
gotes (15.5%). This is the same prevalence of pos- 
sible HLA-DW3 and HLA-DW4 homozygotes 
observed in the healthy subjects (16%). Future 
studies of the HLA-D and the closely related 
serologically defined HLA-DR specificities in HLA 
genotyped families may help to clarify this point. 

Although the frequency of HLA-DW2 in the 
HLA-B7 diabetic group was low (10% v. 23% in 
controls, p = 0.49), our data indicate that this is 
secondary to the increased frequency of HLA-DW3. 
This is against the hypothesis that there are genes in 
linkage disequilibrium with the HLA-DW2-B7 axis 
which confer a primary 'protection' or 'resistance'. 

If the theory of gene interaction is correct, we can 
speculate that different HLA-linked genes operat- 
ing by separate mechanisms contribute to the 
pathogenesis of beta cell destruction in Type 1 dia- 
betes. One of these genes (in linkage disequilibrium 
with DW3) may control the immune response to 
environmental agents (e.g. viruses) whose propensity 
for initiating damage to the beta cell membrane is 
determined by other genes (in linkage disequilibrium 
with DW4). All the diabetics in this study were of 
young onset in whom there is male preponderance, 

rapid development of beta cell decompensation and 
transient appearance of islet cell antibodies [5]. 
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