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The association between insulin-dependent diabetes mellltus and HLA is fearsomely complicated. But powerful 
techniques are being brought to bear on the problem. 

THERE have been a few successes in 
unravelling the genetic basis of diabetes, 
notably the discovery of mutations in 
the glucokinase gene which underlie a 
form of non-insulin dependent ( type 2) 
diabetes mellitus (NIDDM), called 
maturity-onset diabetes of the young1

-
4

. 

But in general identifying the genetic 
contribution to diabetes is a daunting 
task , not only for NIDDM but also for 
the less common insulin-dependent (type 
1) diabetes mellitus (IDDM) . 

In contrast to the simple mendelian 
pattern of inheritance that underlies 
maturity-onset diabetes , IDDM results 
from the complex interaction of a num
ber of genetic and environmental 
factors5. Together, these factors conspire 
to launch a T-cell-mediated autoimmune 
attack on the pancreatic (3-cells which 
normally secrete insulin. Of the genetic 
factors, there is good evidence that the 
region surrounding the insulin gene on 
chromosome 11 plays a part6 

- indeed 
new studies show that this susceptibility 
region is confined to a 4.1-kilobase 
stretch of DNA encompassing the insulin 
gene7

• Recent work has also incrimin
ated the immunoglobulin heavy chain 
region8• But without doubt the single 
biggest genetic factor that remains to be 
understood is the contribution of the 
HLA region on chromosome 6, and a 
report in this month's Nature Genetics 
may pave the way towards this goal9. 

The major histocompatibility complex 
spans about four megabases and the 
HLA-D genes, which code for the class 
II glycoproteins, are spread across a 
good 20 per cent of that length10. The 
class II molecules (HLA-DR, -DQ and 
-DP) are heterodimeric membrane pro
teins consisting of an A and B chain 
involved in antigen presentation. A large 
body of evidence suggests that the class 
II genes, and especially certain alleles of 
the DR and DQ loci, confer susceptibil
ity to IDDM5

• This certainly applies to 
alleles at the HLA-DRBJ locus: HLA
DR3 and -DR4 are positively associated 
with IDDM, whereas HLA-DR2 is nega-

Also in this month's Nature Genetics: 
the molecular basis of Thomsen's dis
ease; the channel activity of purified 
~F508 CFTR; localization of the gene 
for familial Juvenile nephronophthisis; 
and a review article from Ahn and Kun
kel on the structural and functional 
diversity of dystrophin. 
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tively associated with the disease. 
There is also considerable evidence 

that the DQ loci have an important role 
in determining risk or susceptibility. The 
best known example is the residue at 
position 57 of the HLA-DQBJ gene. 
Many studies have indicated that aspar
tate 57 confers protection to IDDM, and 
this is supported by the fact that the 
non-obese diabetic (NOD) mouse - a 
model for IDDM - has a serine at 
residue 57 in the homologous gene pro
duct while non-diabetic strains have 
aspartate. But although this residue is 
important, it does not tell the whole 
story. And because of the considerable 
linkage disequilibrium observed across 
the HLA region , there are many genes 
which may actually be responsible for 
controlling IDDM risk. 

In an attempt to understand the rela
tive roles of the HLA-DR and -DQ 
genes, Henry Erlich and his colleagues9 

have performed a detailed molecular 
analysis of IDDM using HLA typing 
based on the polymerase chain reaction. 
By studying the precise DNA sequence 
of these key HLA alleles, Erlich and 
colleagues say they can extract much 
more information ( on subtypes of par
ticular alleles, for example) than if they 
were to rely on the more common 
serological analysis alone. 

Erlich's group examined more than 
250 members from affected Mexican
American families - descendants of 
Hispanic Caucasians and native Amer
icans. Because of the very low incidence 
of IDDM among native Americans, the 
Mexican-American population also has 
a lower incidence of IDDM than Cauca
sians. Two alleles of the DRBJ locus -
DR4 and especially DR3 - cropped up 
much more often in patients than con
trols, as largely expected from previous 
studies. The authors also found that 
a DR3/DR4 heterozygous genotype 
appears to confer a greater risk for 
IDDM than homozygosity for either 
DR3 or DR4 (as seen in previous stu
dies), meaning that these two gene pro
ducts may interact synergistically. 

There are also some 'protective' 
haplotypes , however , which are signifi
cantly less common among IDDM pa
tients. For example, some DR2 haplo
types (such as DRBl *1501,DQBl *0602) 
are protective. In contrast, the DR2 
haplotype DRBl *1602,DQBl *0301, fre
quently found in native Americans but 

not Caucasians, is not. Erlich et al. 
found that all the high-risk haplotypes 
are of European origin, whereas the 
most protective haplotype (DRBl *1402) 
is of native American origin , largely 
accounting for the differences in IDDM 
susceptibility among these populations. 
(Environmental differences may also 
exist, of course.) 

This analysis also reveals the specific 
role of the DRBJ locus within the DR4 
haplotype in influencing IDDM risk . 
Virtually all of the Mexican-American 
DR4+ patients have the DQBl *0302 
allele , which is non-Asp 57. However, 
variation at DRBJ (nine different alleles 
were detected) seems to confer varying 
degrees of risk. The difference between 
two of these alleles - DRBl *0405 and 
D RB 1 *0408 - lies solely at residue 57, 
with serine in that position in the high
risk group but aspartate in the low risk. 
However , Ser 57 alone does not predict 
high IDDM risk, and nor does Asp 57 
always confer protection. 

Perhaps most notably, the typing 
methods employed by Erlich et al. 
allowed a detailed examination of the 
combined effects of specific DR-DQ 
haplotypes , including the significance of 
residue 57 of DQBl. The same DQBJ 
allele ( encoding Asp 57) is present on 
both DRBl *1402 and DRBl *1602 ha
plotypes, yet these are highly protective 
and neutral, respectively. So although 
Asp 57 in DQBl is clearly important in 
conferring resistance to IDDM - it is 
present in all protective haplotypes - it 
is not sufficient to assure protection. 

So progress is being made in getting to 
grips with IDDM. But it will take a great 
deal more work in humans, as well as in 
valuable animal models such as the 
NOD mouse and the BB rat11

, before 
this classic polygenic disorder can be said 
to be even partly understood. 
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