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Abstract

The association of insulin-dependent diabetes mellitus
(IDDM) with certain HLAalleles is well documented in pediat-
ric patients. Whether a similar association is found in adult-on-
set IDDM is not clear, although the disease occurs after the age
of 20 in 50%of cases. HLAclass II DRB1, DQA1, and DQB1
alleles were studied in 402 type I diabetics and 405 healthy
controls (all Caucasian) using oligonucleotide typing after gene
amplification. Alleles DRB1*03, DRB1*04, DQB1*0201,
DQB1*0302, DQA1*0301, and DQA1*0501 were indeed
enriched in diabetics and the highest relative risk was observed
in patients carrying both the DRB1*03-DQB1 *0201 and the
DRB1*0402 or DRB1*0405-DQB1 *0302 haplotypes. How-
ever none of these alleles, or specific residues, could alone ac-
count for the susceptibility to IDDM. Furthermore, there were
major differences in HLAclass II gene profiles according to the
age of onset. Patients with onset after 15 yr (n = 290) showed a
significantly higher percentage of non-DR3 /non-DR4 geno-
types than those with childhood onset (n = 112) and a lower
percentage of DR3/4 genotypes. These non-DR3 / non-DR4 pa-
tients, although presenting clinically as IDDMtype 1 patients,
showed a lower frequency of islet cell antibodies at diagnosis
and a significantly milder initial insulin deficiency. These sub-
jects probably represent a particular subset of IDDM patients
in whom frequency increases with age. The data confirm the
genetic heterogeneity of IDDMand call for caution in extrapo-
lating to adult patients the genetic concepts derived from child-
hood IDDM. (J. Clin. Invest. 1992. 90:2242-2250.) Key
words: type 1 insulin-dependent diabetes mellitus genetics-
adult-onset insulin-dependent diabetes mellitus - oligotyping .
polymerase chain reaction * HLA class II genes

Introduction

Convergent arguments indicate that insulin-dependent dia-
betes mellitus (IDDM)' is secondary to the autoimmune de-
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struction of ,3 cells in the pancreatic islets of Langerhans (1).
IDDM has long been known to be associated with particular
HLAalleles and there is substantial evidence from family stud-
ies that the major loci that confer disease susceptibility mapto
the class II region of the MHC(2). Among Caucasians, the
disease is positively associated with DR3 and DR4and nega-
tively associated with DR2 (3-5). Recently, on the basis of
restriction length fragment polymorphism (RFLP) and oligo-
nucleotide typing, the notion has emerged that IDDMsuscepti-
bility or resistance is preferentially associated with a limited
number of alleles of the HLA-DQBlocus (6-10). Susceptibil-
ity has also been assigned to DQB1 alleles encoding amino
acids other than aspartic acid (Asp) at position 57 of the DQI3
chain (11 - 14). However, an exclusive role of DQBgenes (par-
ticularly the Asp 57 residue) is unlikely given the growing evi-
dence that a single allele cannot account for MHC-associated
genetic susceptibility. To take account of a possible genetic
heterogeneity, accurate assessment ofthe HLA-IDDM associa-
tion should involve extensive definition of class II alleles and
integrate this with clinical and immunological parameters in a
large series of patients. In most studies, a limited number of
alleles has been tested and patients have not been investigated
beyond the diagnosis of IDDM. Furthermore, most reported
data have been obtained in pediatric patients, although IDDM
occurs over the age of 20 yr in one half of cases (15) .

Class II oligotyping is a rapid and efficient tool that can be
used for large-scale screening (16). It permits exquisite defini-
tion of HLApolymorphism and provides an important means
of recognizing genes associated with disease susceptibility or
resistance. Taking advantage of our access to large groups of
adult- and childhood-onset IDDM patients with well-defined
clinical, biological, and immunological status, we assessed the
role of class II alleles in IDDMpredisposition and presentation.
Using DNAamplification followed by hybridization with se-
quence-specific oligonucleotides (SSO), we studied 290 adult-
onset IDDM patients, 112 diabetic children, and 405 healthy
controls for 24 DRB1, 8 DQA1, 4nd 12 DQB1 alleles. An at-
tempt was made to correlate HLAgenotype with various clini-
cal and immunological characteristics, notably the age at onset
of IDDM.

This analysis provided five main results: (a) Maximal sus-
ceptibility was defined by alleles at both DRB1 and DQB1 loci,
since neither of these loci can alone account for the entire risk.
(b) The specific contribution of DQA1 could not be clearly
defined. (c) The highest risk for developing IDDM was found
in individuals carrying the DR3 haplotype together with the
DRB1 *0402 or DRB1 *0405-DQB 1 *0302 haplotype, indicat-
ing the existence of cis- and/or trans-interacting elements in
subjects with DR4haplotypes. (d) Significant genetic heteroge-
neity was observed, with a lower frequency of DR3/DR4 het-
erozygotes and of non-Asp DQ357 residues, as well as a higher
frequency of non-DR3 / non-DR4 subjects in adult-onset
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IDDM compared with childhood-onset IDDM. (e) No clear
correlation was found between HLA genotype and clinical or
immunological features in a subgroup of 190 adult-onset
IDDM patients particularly analyzed for various criteria, ex-
cept for the rarity of islet cell antibodies in non-DR3 /non-DR4
patients.

Methods

Subjects. 405 unrelated Caucasian patients were studied. Diabetes mel-
litus was defined using the National Diabetes Data Group recommen-
dations (17). Concerning the classification criteria, the definition of
insulin dependency is essentially phenotypic, whereas genetic studies
require strict nosologic criteria. Type 1 IDDM is easy to recognize
when it occurs in children, adolescents, and adults younger than 30 yr.
Beyond this age, a stringent set of criteria is necessary, to exclude the
misleading cases of "maturity-onset diabetes in the young" among the
younger patients and of pancreatic diabetes or type 2 IDDM among
older patients. Not only abrupt onset of symptoms, insulinopenia,
proneness to ketosis, and dependence on injected insulin to sustain life
(17) are required, but also absence of pancreatic diabetes and of clini-
cal history of type 2 diabetes with secondary failure of oral antidiabetic
drugs.

Amongthe IDDMpatients, 1 2 were children < 15 yr old. Sex ratio
(males/females) was 47:65. Their mean age at onset was 11.0±04 yr
(mean±SD). Duration of symptoms at diagnosis was 9.2±1.2 wk, and
percentage of weight loss was 8.1±0.7. Ketosis and ketoacidosis at di-
agnosis were found in 84 and 46.5% of cases, respectively. The ini-
tial glycosylated hemoglobin (HbAiC) was 12.4±0.3% (normal:
5.0±0.05%). Insulin requirement during the first weeks of treatment
was 0.60±0.1 U/kg per d. The prevalence of islet cell antibodies (ICA)
at onset was 69%and of insulin autoantibodies (IAA) was 25%. Extra-
pancreatic autoimmune disease was never present.

The adult group consisted of 290 patients. Age distribution was
15-20 yr in 77, 20-30 yr in 106, and >30 yr in 107 (mean age at
diagnosis 27±7 yr). There were 154 males and 136 females. The clini-
cal duration of the disease was <6 mo in all cases, with a mean of
7.6±6.8 wk (mean±SD). Ketosis and ketoacidosis had revealed the
diabetes in 62 and 19% of the cases, respectively. A family history of
type 1 diabetes was present in a mean of 21% and an extrapancreatic
autoimmune disease was present in 18.2%. 190 of these adult subjects
were included in a cyclosporin A (Cs-A) therapeutic trial (18, 19), were
analyzed in particular detail, and can be considered representative of
the whole adult group (Table I). Their mean age was 26+9 yr, with an
age distribution similar to that of the whole adult group: 58 were 15-20
yr, 74 were 20-30 yr, and 58 were >30 yr. The mean duration of the
disease was 7.2±6.7 wk. Ketosis and ketoacidosis were found in 57 and
12.5% of the cases, respectively, at diagnosis. The initial HbAlC was
11.5±0.2%. The body mass index (22.1±2.9 kg/cm2) was at the low
end of the normal range and rapid and significant weight loss had been
observed in most cases. A family history of diabetes was present in a
mean of 25% and an extrapancreatic autoimmune disease was present
in 8.2%. Insulin requirements during the first few weeks of treatment
were 0.70±0.03 U/kg per d. ICA were found at onset in 57 to 68% of
cases by means of conventional (20) and sensitized (21) methods and
IAA were found before insulin treatment in 24.8%.

A glucagon test was performed within 15 d of diagnosis to evaluate
residual insulin secretion. Blood glucose and plasma C peptide concen-
trations were measured in blood samples obtained before, and 5, 10,
and 15 min after the intravenous injection of 1 mgof glucagon. Basal
plasma C peptide levels were significantly lower than in 23 healthy
controls (0.71±0.04 vs. 2.40±0.30 ng/ml). The maximal secretory re-
sponse after glucagon stimulation was 1.04±0.08 versus 5.30±0.30 ng/
ml in the healthy controls. The intravenous glucose tolerance test (30 g
i.v.) and standard meal test gave similar results (data not shown). All
tests were performed in patients with stable metabolic conditions; in
particular, hyper- or hypoglycemia was not recorded in the 12 h preced-

Table I. Clinical, Biochemical, and Autoimmune Characteristics
of the Childhood- and Adult-onset IDDMPatient Groups

Adult onset

Childhood
All Cs-A treated onset

Number of patients 290 190 112
Age at diagnosis (yr) 26.7±7.5 26.1±8.6 11.0±0.4
Duration of symptoms (wk) 7.6±6.8 7.2±6.7 9.2±1
Percent of weight loss 9.0±5.8 8.1±0.7
Family history of IDDM (%) 20.7 23.2
Family history of NIDDM(%) 25.9 26.6
Associated autoimmune

diseases (%) 18.2 8.4 0
Ketosis (% of patients) 61.7 56.8 84
Ketoacidosis (% of patients) 19.1 12.5 46.5
HbAlC (%) 11.5±0.2 12.4±0.3
ICA (% of patients) 57.5 69
IAA 2 2% insulin binding

(% of patients) 32.1 25

Results are presented as mean±SD.
-, data are not available for this patient group.

ing the test. The tests were repeated every 3 mo for 24 moand showed
significant increases over initial values, which were more pronounced
in the Cs-A-treated patients; all C peptide values remained lower than
in controls, as reported in detail elsewhere (22). Pancreatic diabetes,
i.e., pancreatitis and hemochromatosis, was excluded in every case. No
patient had a clinical history of non-insulin-dependent diabetes melli-
tus (NIDDM) with secondary failure of oral antidiabetic drugs requir-
ing insulin therapy. All subjects required insulin to maintain glycemic
control, including (after a few months or years) those who had partici-
pated in the Cs-A therapeutic trial.

Since all newly diagnosed diabetic patients are hospitalized for initi-
ation of insulin therapy and education, hospital-based selection can be
excluded. The control population consisted of 405 healthy Caucasian
individuals randomly selected among volunteer blood donors. Blood
donor samples were collected from blood centers in six regions of
France and the diabetic patients were recruited throughout the coun-
try. Both groups were representative of the mixed Caucasian French
population in Paris and other areas of France.

DNAextraction and polymerase chain reaction (PCR). DNAwas
extracted from 2 ml of fresh whole blood using short proteinase K
digestion of detergent-treated cells (23). The second exons encoding
the polymorphic outer domains of the HLADRfl1, DQct1, and DQflI
chains were separately amplified following the PCRprocedure, using
specific DNAflanking primers (24, 25). Amplification was carried out
for 30 cycles by adding 1.25 U of Taq polymerase (Beckman Instru-
ments, Fullerton, CA), 25 pmol of each primer, and 200 ,M dNTPto 1
jig of genomic DNA. The size of amplified products was determined by
means of agarose gel electrophoresis.

Dot blot and oligonucleotide hybridization. Amplified DNAwas
blotted onto nylon membranes using a robotic workstation (Biomek
1000; Beckman Instruments). Filters were denaturated for 10 min in
0.4 N NaOHand baked for 1 h at 80°C. Membranes were prehybri-
dized for 30 min at 54°C in tetramethylammonium chloride (TMAC)
solution (50 mMTris-HCl pH 8.0, 2 mMEDTA, 5x Denhardt's, 0. 1%
SDS, and 3.0 MTMAC). Hybridization was performed overnight in
TMACsolution with digoxigenin-l l-dd UTP-labeled SSOs. Filters
were washed twice in 2x SSPE0.1% SDSat room temperature for 5
min, and then twice in TMACsolution (50 mMTris-HC1 pH 8.0, 2
mMEDTA, 0.1% SDS, and 3.0 MTMAC) at 590C for 10 min.
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A chemoluminescence substrate (AMPPD) was used for detection
according to the manufacturer's recommendations (Boehringer Mann-
heim Biochemicals, Indianapolis, IN). Filters were exposed to Kodak
XAR-5 films at room temperature for 1 to 15 min.

Oligonucleotide probes. 14 SSOs were used for DRB1 generic typ-
ing, 8 for DR4 subtyping, 12 for DQB, and 8 for DQAtyping. These
probes were synthesized in our laboratory using the sequences reported
by Tiercy et al. (25, 26).

Statistical analysis. The odds ratio was calculated according to
Woolf's formula and, by convention, expressed as a relative risk (RR).
Haldane's modification of the formula was used when one element of
the equation was zero. The statistical significance of the difference of
RR from unity was tested by chi-square analysis with one degree of
freedom using the formula: x2 = (1 IV) (loge RRP)2, where V is the
sampling variance (27). The level of significance was set to 0.05. PC
indicates a P value corrected by use of Bonferonni inequality method,
by multiplying Pby the number of alleles compared. Gene frequencies
(g) were calculated from the observed allele frequencies (f) using the
formula: g = 1 - V (I -f)

Different groups of IDDM patients were compared according to
various clinical or biological parameters using chi-square analysis with
Yates' correction when appropriate.

Results

Positive associations of class II alleles with IDDM
Distribution ofDRB, DQB, and DQAalleles. The distribution
of DRB1, DQA1, and DQB1 alleles among the 405 healthy
controls was comparable to that in previous reports and closely
matched with the expected frequencies in Caucasoid individ-
uals (Table II), indicating that our population was in Hardy-
Weinberg equilibrium. Whenall the IDDM patients (children
and adults) were considered as a whole, the well-known posi-
tive association of DR3 and DR4 with IDDM in Caucasians
was confirmed: 86.1% of the patients were DR3 and/or DR4
compared with only 44.1% of the healthy controls. However,
when the pediatric and adult patients were compared, we
found a significant difference in some class II risk alleles ac-
cording to age at clinical onset. The HLADR3allele was pres-
ent in 52% of the adults compared with only 26% in the con-
trols (P < 0.005) and 69% in childhood IDDM. The prevalence
of the HLADR4allele was 48% in the adult patients (controls:
20%, P < 0.005) and 66% in the pediatric patients (Table II,
top). Similar differences were found between the adult and
child patients with regard to DQB1*0201 and 0302 alleles (Ta-
ble II, middle) as well as DQA1*0301 (Table II, bottom). An
age gradient was established, indicating that the DR3/4 fre-
quency significantly decreased with the age of IDDM onset
(Fig. 1), whereas the proportion of non-DR3/non-DR4 sub-
jects increased. Among the children aged < 15 yr at onset,
37.5% were DR3/4 heterozygotes (RR = 23.4) and 97.3% pos-
sessed the DR3and/or DR4alleles. These high frequencies are
similar to those usually reported in the literature. Conversely,
only 17.9% of the adult-onset diabetics were DR3/4 heterozy-
gotes (RR = 8.5), and only 81.7% possessed the DR3and/or
DR4alleles (PC < 0.001 relative to the children). Patients >30
yr at the time of onset were non-DR3/non-DR4 in 25.8% of
cases (Table III).

The DR3-associated susceptibility was significant in both
the adult (RR = 2.97) and pediatric (RR = 6.11) patients. It
was abolished in heterozygous patients when combined with
DR2 (2.1% of adults, 1.8% of children, and 1.9% of normal
controls) or DR1 alleles (1.7, 2.7, and 3.3%, respectively). A

Table II. Distribution ofDRBI, DQBI, and DQAI Alleles among
Adult-onset IDDMPatients, Diabetic Children,
and Control Subjects

Adult onset IDDM Childhood onset IDDM
Controls

(n = 405) (n = 290) RR (n = 112) RR

DRB1
DRI
DR2
DR3
DR4
DRI 1
DR12
DR13
DR14
DR7
DR8
DR9
DRIO

DQB1
501
502
503
601
602
603
604
201
301
302
303
402

DQA1
101
102
103
201
301
401
501
601

24.3
26.2
26.5
20.1
19.4

2.7
22.3

7.1
24.8

4.9
2
2.5

31.6
8.8
5.6
1.9

18.6
16.3

7
34.4
34.4
11.6

6.5
4.2

36.3
33
17.2
19.5
22.3

4.2
40.9

0.5

15.9
11.7
51.7
47.9
10.3

1.4
18.6
0.7

15.2
4.8
2.4
0.7

17.1
4.5
1.9
0.7
4.8
4.5
9.3

63.2
19.7
43.1

3
5.2

18.2
19.3

5.2
14.5
50.9

5.6
64.7

0

0.34*
2.97§
3.65§

10.7
5.4

68.8
66.1

5.4
0.9
6.3
0.9
6.3
3.6
4.5
1.8

0.44* 11.3
4.2
1.4
0

0.22t 2.8
0.24* 0

5.6
3.27§ 74.6
0.47* 11.3
5.77§ 59.2

1.4
0

0.26t

3.61§

2.65§

11
12.3
0
8.2

74
0

68.5
0

0.16t
6.1l0
7.75§

0.23*

0.21*

0.28*

0.13§

5.60§
0.24*

1 1.05§

0.22*

9.91§

3.14*

Results are presented as percent of groups. RR, relative risk.
Only statistically significant RR are presented: * PC < 0.05,
< 0.005; § P, < 0.0005.

significant increase in homozygous patients carrying the DR3
genotype in double dose was observed in both the adult pa-
tients (8.6 vs. 0.7% in controls, RR= 13.4, PC< 0.001) and the
pediatric patients (11.6%, RR= 18.6, P, < 0.001). However,
the frequency of DR3 homozygotes was not higher than that
calculated from the DR3 gene frequency in these patient
groups. In addition, it cannot formally be excluded that some
patients identified as homozygous were in fact heterozygous
with a "blank" haplotype, since family typing was not systemi-
cally performed in these cases.

DR4 was significantly associated with adult- and child-
hood-onset IDDM (RR = 3.65 and 7.75, respectively), except
in the presence of the DR2allele, whose protective action over-
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Figure 1. Age gradient of DR3/4 and DQB1*0201 /0302 frequencies
in childhood and adult-onset IDDM patients. (.) DR3/4 patients
( ) DQB1 *0201 /0302 patients. Results are given as percent of age
groups±95% confidence interval.

came the DR4 susceptibility effect (DR2 /4: 3.4% of adult pa-
tients, 3.3% of pediatric patients, and 2.7% of controls). It is
noteworthy that the frequency of DR4 homozygous patients
was not significantly different from that in the healthy control
group (6.2% in adult diabetics, 7.1% in children, and 1.2% in
controls, NS).

It has been reported that the DR1 /4 heterozygous genotype
is significantly increased in IDDMpatients, although DR4was
linked to the DQB1 *0301 protective allele (28). This was not
observed in our two patient groups (4.5% in adults and 4.4% in
children vs. 3.7% in controls), in which the DRl /4 combina-
tion was neutral.

The distribution of DRB1 alleles in non-DR3 / non-DR4
IDDM patients strictly paralleled that in normal controls.
Thus, no significant increase of any particular DRB1 allele was
observed.

DQB1*0201 was significantly associated with IDDM in
both groups of patients. This susceptibility was abolished when
DQB1 *0201 was paired with the protective DQB1 *0602 allele

Table III. Age-dependent Genetic Heterogeneity
among the IDDMPatients

IDDM patients

Age at <15 yr 15-30 yr >30 yr Controls
clinical onset (n = 112) (n = 183) (n = 107) (n = 405)

DR3/X 68.8±8.5 54.5±7.2 44.8±9.4 26.5±4.2
DR4/X 66.1±8.7 56.8±7.1 39.6±9.2 20.1±3.9
DR3/4 37.5±8.9* 24.2±6.2 10.3±5.7* 2.5±1.5
DR3 and/or 4 97.3±3.0V 87.1±4.8 74.2±8.28 44.1±4.8
non-DR3/non-DR4 2.7±2.5§ 12.9±4.8 25.8±820 55.9±4.8
DQB1 *0201/0302 33.6±8.7* 22.6±6.0 8.6±5.3* 2.3±1.4

Results are presented as percent of age groups±95% confidence inter-
val.
Chi-square analysis for comparison between patients with and with-
out the given age and phenotype. * P < 0.001, t P < 0.0005, § P
< 0.005.

(1.5% of adult patients, 1.4% of children, and 3.3% of controls,
NS). It seems unlikely, however, that DQB1 *0201 alone is the
susceptibility allele since the same allele is present in the pro-
tective DR7-DQB1 *0201 haplotype.

The DQB1*0302 allele was a strong risk factor, whatever
the associated allele. The degree of susceptibility conferred by
the DQB1 *0302 allele in both the heterozygous and the homo-
zygous state was the highest among all the DQBalleles, with an
RRof 5.8 in adult patients and of 11.05 in pediatric patients.
The DQB1 *0302 /0201 combination was observed in 18.4% of
adult-onset patients versus 33.6% of pediatric patients and
2.3% of controls. An age gradient was established, similar to
that observed for the DR3/4 genotype (Table III and Fig. 1).
Even the combination to the protective DQB1 *0602 allele did
not fully abolish the DQB1 *0302-associated susceptibility
(1.1% of adult diabetics and 1.4% of children vs. 0% of con-
trols), indicating that the influence of DQB1*0302 could be
dominant.

DR4subtypes associated with IDDM. The above results of
DR4 typing were obtained using a probe that hybridizes with a
sequence common to all DR4 subtypes (0401-0408). How-
ever, characterization of DR4subtypes using specific probes in
both adult- and childhood-onset patients revealed that the
DRB1*0402 (Dw 10) and 0405 (Dw15) alleles were strongly
associated with the disease (RR = 15.4 and 18.1, respectively,
Pc < 0.05), whereas DRB1*0401 (Dw4) was neutral (RR
= 0.9) and DRB1 *0404 (Dw 14) had a significant protective
effect (RR = 0.26) (Table IV). Although differences between
adult and pediatric groups were not significant, a tendency for
an increase of DRB1*0402 allele in adults (22.9 vs. 14% in
children and 5.6% in controls) and a decrease of DRB1 *0401
(41.6% in adults vs. 50.9% in children and 50.4% in controls)
was observed. This observation differs from previous reports
suggesting that DRB1*0401 is the most frequent allele in
DR4-positive IDDM patients (5, 29). The results concerning
DRB1*0405 were particularly interesting: 19.2% of the
DR4-positive patients (both in adult and child diabetics) ex-
pressed this allele, which is not usually found in Caucasian
populations. Whenthe frequencies of DRB1 *0401, 0402, and
0405 in all IDDM patients were combined, the RRreached
statistical significance (RR = 5.5). Taken together,
DRB1*0402 and 0405 gave a highly significant risk of 27.9.

Table IV. DR4Subtyping

Percentage of DR4-
positive subjects

IDDM patients* Controls
(n = 213) (n = 81) RR

DRBI* 0401 (DW4) 41.8 50
DRBl* 0402 (DW10) 20.5 2.4 15.4
DRB* 0403 (DW13) 3.4 9.5
DRB1* 0404 (DW14) 13 35.7 0.26
DRB1* 0405 (DW15) 19.2 2 18.1
DRB1* 0406 0 2.4
DRB1* 0407 2 0
DRB1* 0408 0.6 0

Results are presented as percent of groups. * Adult (n = 139) and
pediatric (n = 74) patients.
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Table V. Distribution ofDQBAlleles amongDR4-positive Subjects

IDDM* Controls
(n = 213) (n = 81)

DQB1* 0302 90.8 57
DQB1* 0301 9.2 43
DRB1* 0401-DQB1* 0302 38.2 19.2
DRBl* 0401-DQBl* 0301 3.51 30.7
DRB1* 0402-DQBl* 0302 20.5 2.4
DRB1* 0402-DQBl* 0301 0 0
DRB1* 0404-DQB * 0302 13 35.7
DRB* 0404-DQB 1* 0301 0 0
DRB1* 0405-DQB * 0302 19.2 2
DRB* 0405-DQB 1* 0301 0 0

Results are presented as the percent of DQBI alleles in the DR4-pos-
itive subjects. * Adult- and childhood-onset patients.

Given the 0.25-0.50% incidence of IDDM in French Cauca-
soids (30), the absolute risk for individuals expressing this ge-
notype is 1: 18.

Among the DR4 haplotypes, DQB1*0302 has been re-
ported to be associated with IDDM (3, 6, 28). Indeed, 91% of
the DR4adult and 89.5% of the DR4pediatric IDDMpatients
possessed this allele compared with only 57% of the DR4con-
trols (Table V). Nevertheless, DQB1*0302 could not account
alone for the susceptibility observed among DR4-positive pa-
tients, since DRB1 *0404, which was always linked to
DQB1*0302, was protective, and DRB1*0401, which was
linked to DQBl *0302 in 91.6% of cases, was not significantly
associated with susceptibility.

The highest risk for developing IDDMwas found in hetero-
zygous individuals carrying the DR3-DQB1*0201 haplotype
together with the DRB1*0402 or 0405-DQB1 *0302 haplo-
type. Although this genotype concerned only 8.3% of the
IDDM patients (none of the healthy controls), it provided an
RRof 40.05.

Negative associations of class II alleles with IDDM
HLA-DR2 was protective against IDDM in adult patients (RR
= 0.34) unless it was combined with DR3(RR = 0.85) or DR4
(RR = 0.97) (Table VI). A profound protective effect was
observed in combination with any other DRB1 allele (DR2/X:
RR= 0.18, PC < 0.0005). Interestingly, this protective effect
was not as strong as in childhood-onset diabetics (RR = 0.16).

Two main haplotypes have been identified among DR2
subjects on the basis of sequence polymorphism: DRB1* 1501
(Dw2)-DRB5 *0101-DQB1 *0602 and DRB1*1601 (Dw2l-
AZH)-DRB5*0201-DQB1*0502. The former (Dw2) has
been reported to be protective whereas the latter (Dw2 I-AZH)
is usually associated with IDDM (5, 31, 32). Results obtained
in this study confirm the protective role of DR15 (deduced
haplotype from DQB1 *0602), although less strikingly than in
the diabetic children: 4.8% of the adult IDDM patients were
DR2-DQB1*0602 compared with 18.6% of the normal con-
trols (RR = 0.22) and 2.8% of the diabetic children (RR
= 0.13) . The significant protective effect of DQB1 *0602 was
observed in all the heterozygous combinations, except with
DQB1 *0302.

Surprisingly, the DR16 (Dw2 I-AZH )-DQB 1 *0502 ha-
plotype was not significantly more frequent in our adult pa-
tients. Thus, in the DR2subgroup, only 38.5% of the adult-on-
set IDDM patients were DR16-DQB1*0502 versus 33.6% of
the normal controls (NS) and 77.8% of the diabetic children.
This observation contrasts with previous reports showing a
strong association of this haplotype (rarely found in the normal
population) with the disease.

Two of the DR2 adult IDDM patients had a DQBl gene
different from those usually found in healthy DR2individuals.
Instead of DQB1*0602 or 0502, the DQB1*0402 allele was
present in both cases, in association with the DQA1*0401 al-
lele. The occurrence of such recombinant haplotypes between
DQAand DRsubregions should be confirmed by family typ-
ing, although it has recently been found in two other DR2
IDDMpatients (33). No recombinant haplotype was observed
in our DR2controls.

With regard to the DRl 3 haplotypes (overall RRof 0.79 for
adult patients), DQAand DQBgenotyping allow to differen-
tiate the DRB1*1301-DQBl *0603-DQAl *0103 and the
DRB1*1 302-DQB 1 *0604-DQAI *0102 haplotypes (34).
The latter has been reported to be associated with IDDM,
whereas it was neutral in our study in both groups of diabetic
patients, contrasting with a protective effect of the former (RR
= 0.24, PC < 0.005). Finally, the DR7haplotype was found to
be protective only in childhood-onset diabetic patients (RR
= 0.21, P, < 0.005).

Role of residue 5 7 of the DQ3 chain
The presence at position 57 of the outer domain of the DQ,3
chain of either charged (Asp) or neutral (Val, Ser, or Ala)
residues has been investigated (11). 64% of the adult-onset
patients were homozygous for the absence of Asp at position 57

Table VI. Negative Associations with IDDM

Controls Adult-onset IDDM Childhood-onset IDDM
(n = 405) (n = 290) RR (n = 112) RR

DR2 26.2 11.7 0.34 5.4 0.16t
DQB1* 0602 (DW2) 71.0 41.0 0.22 51.8 0.13§
DQB1* 0502 (DW21-AZH) 33.6 38.5 77.8

DR13 22.3 18.6 6.3 0.23*
DQB1* 0603 (DW18) 73.1 24.2 0.24* 0
DQB1* 0604 (DW19) 31.4 50.0 88.9

DR7 24.8 15.2 6.3 0.21*

Results are presented as percent of groups. * PC < 0.05. *Pc < 0.005. § Pc < 0.0005.
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Table VII. Nature of Amino Acid at Position 57 of the DQfl Chain

Healthy Adult-onset
controls IDDM RR* Childhood-onset RR*

Amino acid at position 57 (n = 405) (n = 290) (95% confidence limits) IDDM (n = 112) (95% confidence limits)

Asp, Asp or Asp, blank* 26.5 5.3 0.16 (0-0.51) 5.6 0.16 (0-0.58)
Asp, non-Asp 47.4 31.1 0.501 (0.29-0.70) 23.9 0.35 (0.06-0.64)
non-Asp, non-Asp or

non-Asp, blank 25.6 63.7 5.1 (4.9-5.3) 71.8 7.4 (7.18-7.62)
Any haplotype including

1 Asp allele 74 36.4 0.2 (0.03-0.36) 29.5 0.15 (0-0.41)
Any haplotype including

I non-Asp allele 73 94.8 6.60 (6.46-6.74) 95.7 8.44 (8.23-8.65)

Results are presented as percent of groups. * PC < 0.005. t Blank indicates either homozygosity for Asp-bearing allele, or the presence of an
unidentified allele.

versus 72% of the pediatric group and 26% of the healthy con-
trols (Table VII). This figure, particularly in the adult group, is
significantly lower than in previous studies, most of which
mainly included children. An age-dependent gradient similar
to that for the prevalence of DR3/DR4 was also found for the
presence of at least one Asp residue at position 57 (30% of the
diabetic children, 32% of the adults < 30 yr, 45% of those >30
yr, and 74% of the controls). Homozygosity for Asp-positive
alleles was lower in the diabetic children (5%) than in the older
adults (12%) and controls (26%). All the Asp/Asp homozy-
gous patients (adults and children) were non-DR3/non-DR4,
although all the non-DR3/non-DR4 children were Asp/Asp
homozygotes compared with only 23% of the non-DR3/non-
DR4adult patients.

Among the DQB1 alleles with a non-Asp residue 57, only
DQB1*0302 and 0201 (both with Ala) were associated with
adult-onset IDDM. The DQB1 *0201 allele was probably not
solely responsible for IDDM susceptibility since it was asso-
ciated with either the DR7 (protective) or DR3 (risk) haplo-
type. DQB1 *0502 and 0604 did not confer significant suscepti-
bility; indeed, DQB1*0501 was associated with a protective
effect. Three DQB1 alleles carrying an Asp at position 57 were
associated with a protective effect (DQB1*0602, 0603, and
0301) . The protection confered by DQB1 *0503,0601, or 0303
alleles did not reach statistical significance. Lastly, the
DQB1 *0402 allele was neutral.

DQAlocus
In all the IDDMand control subjects studied, the DQAalleles
strictly matched those expected on the basis of the known link-
age disequilibria between the DRB, DQB, and DQAsubre-
gions. Therefore, the increased DQA1 *0301 and DQA1 *0501
frequencies in the IDDMpatients was directly related to that of
DRB1 *04-DQB 1 *0302 and DRBI *03-DQB 1 *0201 haplo-
types, respectively. Similarly, the decrease in DQA1*0103 was
directly associated with that of the DRB1* 1 3-DQB1 *0603 ha-
plotype. In particular, the frequency of the Arg residue in posi-
tion 52 of the DQachain, which has recently been incrimin-
ated in IDDM susceptibility (35), was directly linked to that of
the DR3and/or DR4 IDDMsusceptibility alleles. All the dia-
betic patients and healthy controls with non-Asp residues at
DQ,3 57 and Arg residues at DQa52 were DR3or DR4homo-
zygotes or DR3/4 heterozygotes.

It thus appears that DQAoligotyping in Caucasians does
not itself improve the predictive value of risk determination in
terms of protection or susceptibility to disease, even when com-
bined with an Asp at position 57 of the DQ3 chain.

Clinical and immunological correlations
Because of the marked genetic differences between the adult
and child diabetics, who all presented as type 1 IDDM, 190
adult-onset patients included in a Cs-A therapeutic trial were
analyzed in particular detail according to their genotype (Table
VIII). All presented with recent weight loss, polyuria, and keto-
sis or ketoacidosis. The mean age at onset, duration of clinical
symptoms, initial glucose blood level, and insulin needs were
not significantly different in non-DR3 / non-DR4 from those in
DR3and/or DR4patients. A tendency towards a less frequent
family history of IDDMand a more frequent family history of
NIDDMwas found in non-DR3 / non-DR4 patients in compar-
ison to patients carrying other genotypes, but the differences
were not statistically significant. The degree of weight loss was
also less marked in these patients. Furthermore, the frequency
of ICA was considerably lower (20 vs. 64.7% in the DR3and/
or DR4patients and 69% in the diabetic children, Pc < 0.0001)

Table VIII. Clinical and Immunological Correlations with HLA
Genotype in 190 Adult-onset IDDMPatients*

non-DR3/
DR3/4 DR3/X DR4/X non-DR4

(n = 38) (n = 62) (n = 60) (n = 30)

Percent 20 32.6 31.6 15.8
Age at onset (yr) 24.3±6.6 25.1±7.8 26.7±10.3 29.08±10.5
Duration of clinical

symptoms (wk) 6.9±5.6 9.1±10.7 8.5±5.6 3.7±4.9
Weight loss > 10% (%) 62.1 44.4 35.4 23.3t
Ketoacidosis (%) 16.2 6.5 17.4 10.7
Family history (%)

IDDM 21 21.3 25 13.3
NIDDM 26.9 25.5 19.2 33.3

ICA (% positive) 62.2 59.1 66.7 20.0*
IAA (% positive) 21 45.1 26.6 20

Time values are presented as mean±SD.
* Subgroup of Cs-A-treated patients, representative of the whole
adult-onset IDDM group. t PC < 0.01 vs. other groups.
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for a similar duration of overt disease. No difference was found
with regard to the presence of IAA before insulin therapy be-
tween DR3/4 and non-DR3/non-DR4 patients (21 and 20%
of cases, respectively). A higher but not significant frequency
of IAA in DR3/X patients was noted. The distribution of
DRB1 alleles among non-DR3/non-DR4 patients showed an
identical frequency of DR13, DR7, DR2, and DRl (33%
each). DQB1*0301, 0501, 0201, and 0602, alleles usually
found to be protective, represented 46,43,36, and 26%, respec-
tively, of the DQB1 alleles. An unusual haplotype, which can-
not be deduced from the linkage disequilibrium observed in
healthy individuals, was observed in only one patient (DR1 3-
DQA1*020 1-DQB1 *0201). 10 of these 30 non-DR3/non-
DR4patients were Asp homozygotes at position 57 of the DQ,3
chain.

Discussion

The clinical heterogeneity of diabetes mellitus has long been
known but it is only relatively recently that diabetic patients
were classified into two categories according to insulin depen-
dency (17). This distinction between type 1 IDDMand type 2
NIDDMhas received major support from accumulating evi-
dence that an autoimmune reaction is directly involved in the
destruction of insulin-secreting $ cells characterizing IDDM.
However, difficulties still persist in the clinical classification of
diabetes mellitus because of the existence of confusing forms of
the disease such as maturity-onset diabetes of the young and
non-insulin-requiring slow type 1 diabetes (36) of autoim-
mune origin (37). Moreover, circumstantial observations of
IDDMof toxic, viral, or unknown origin (in the absence of any
immune abnormality) raise the possibility that IDDM may
encompass a heterogeneous syndrome with a variety of origins
(38). The development of immunological markers for antiislet
autoimmunity, as well as the recent availability of molecular
markers to characterize genetic susceptibility at the DNAlevel,
has generated a new approach for discriminating between
various forms of # cell destruction. Wenow report evidence
favoring the heterogeneity of IDDM based on the use of the
HLA markers at the genomic level after PCRamplification.

Studying a group of 290 IDDM patients in whomclinical
disease occurred after the age of 15, we observed significant
differences in HLAgenotypes relative to previous pediatric re-
ports and to a group of 112 diabetic children analyzed simulta-
neously using class II oligonucleotide typing.

Like the childhood-onset diabetics, the adult-onset IDDM
patients showed a significantly higher frequency of DR3 and
DR4 haplotypes, as well as a lower frequency of DR2, DR7,
and DR13 (protective) haplotypes. However, the frequency of
DR3and/or DR4patients, particularly in the DR3/4 heterozy-
gous combination, was significantly lower and that of non-
DR3/ non-DR4 patients significantly higher in the adult- than
in childhood-onset patients. These two trends were already ap-
parent in the 15-30-yr age group and even more marked in the
group aged >30 yr.

The risk associated with a combination of the two transalle-
lic markers exceeded that of homozygosity for DR4 but was
similar to that in patients homozygous for DR3. This observa-
tion strongly argues in favor of a synergistic effect between
independent susceptibility alleles and confirms the special per-
missive role of DR3. The highly predisposing influence of the
DR3/4 genotype is also indicated by the highest rate of disease

concordance in DR3/4 sibling pairs and monozygotic twins
(39). It can be assumed in such patients that strong predispos-
ing immunological factors linked to the DR3and DR4haplo-
types trigger the disease early in life, explaining the predomi-
nance of DR3/4 patients in the childhood-onset group (40).
Conversely, IDDM would be more heterogeneous in adults
than in children, as in this study, probably because in the ab-
sence of the strongly penetrant DR3/4 genotype the HLAcon-
tribution is more diluted by the effect of other genes and by
environmental or other acquired factors.

The analysis of class II alleles confirms this age-dependent
susceptibility gradient. Restriction fragment length polymor-
phism and oligotyping studies have focused on the responsibil-
ity of the DQB locus in IDDM predisposition. The
DQB1*0602 and 0603 alleles have been assumed to be in-
volved in protection against diabetes, whereas DQB1*0302 is
considered the major candidate susceptibility gene. Our find-
ings confirmed these data in both age groups with, however, a
lower frequency of DQB1*0302 and a higher frequency of
DQB1 *0602 and 0603 in adult-onset than in childhood-onset
IDDMpatients. Furthermore, mapping of protective or suscep-
tibility genes to the DQBlocus rather than to the DRBlocus
was not apparent from our data. First, the DQB1*0302 gene
was present in only 46.5% of these Caucasian patients versus
11.6% of healthy individuals. Second, among the DR4-
DQB1 *0302 haplotypes, susceptibility to IDDMvaried consid-
erably and only DRB1*0402 and DRB1*0405 were closely
associated with the disease. This observation, which contrasts
with most previous findings, was made in both patient age
groups. DR4 subtypes differ at positions 67-71 of the outer
domain of the DRBchain. This region, which has been impli-
cated in susceptibility to rheumatoid arthritis and pemphigus
vulgaris (6, 41, 42) could thus also play a role in IDDM. Fi-
nally, even if it is likely that the DQBlocus participates in
disease onset in DR4-positive haplotypes, this is probably not
the case for non-DR4 haplotypes: the same DQB1*0201 allele
was found on the susceptible DR3 haplotype and on the pro-
tective DR7haplotype. Thus, any other gene on the DR3haplo-
type is a potential susceptibility candidate.

Another interesting approach to the predisposing class II
alleles has been to search for predisposition residues on DQa
and DQBchains. The presence of a negatively charged residue
at position 57 of the DQBchain has thus been reported to
confer resistance to disease, whereas a neutral residue is
thought to be permissive. Weconfirmed that Asp residue 57 is
less common in childhood- and adult-onset IDDM than in
healthy controls, although the difference was more clearcut in
the children. Up to 36.4% cases of adult-onset IDDM and
44.8% of the patients with onset after 30 yr had at least one Asp
residue at position 57 of the DQBchains, whereas only 63.7%
were homozygous for non-Asp alleles. Only 6 of the 112 chil-
dren studied were Asp homozygous, representing all the non-
DR3/non-DR4 children. The relative risk associated with
non-Asp DQB57 residues was not higher than that of the sus-
ceptibility alleles on the DRBand DQBloci. The fact that Asp
57, in the homozygous or heterozygous state, was found in as
many as 36.4% of the IDDMpatients (vs. 74% of normal con-
trols) suggests that the protection associated with Asp 57 is
recessive.

Finally, residue 57 should probably be considered as an
element of a composite recognition structure in which different
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polymorphic sites in class II molecules act in concert to deter-
mine disease susceptibility. This agrees with the concept that
several DQaj3 heterodimers (in cis or in trans), or possibly
DQaDR,3 heterodimers, maybe associated with IDDMsuscep-
tibility or protection, by differential binding of diabetogenic
peptides to HLA molecules (43-46).

The genetic contribution of the DQAlocus in Caucasians
may be interpreted in this sense, rather than by considering it as
a primary susceptibility determinant. In our study, DQAalleles
did not confer a greater risk than DQB, with which it shows
strong linkage disequilibrium. The presence of two Arg resi-
dues at position 52 of the DQachain and non-Asp residues at
position 57 of the DQJ3 chain in IDDM patients (35) could
thus be exclusively related to the linkage disequilibrium with
DR3 and/or DR4 alleles. We found that only 32% of the
IDDM patients possessed the four susceptibility molecules, all
being DR3/4 heterozygotes or DR3/3 or DR4/4 homozy-
gotes. The DQAcontribution is probably different in non-Cau-
casoid populations, as suggested in Japanese (47) or in Black
(48) subjects in whoma particular DQa,,3 heterodimer, coded
either in cis or in trans position, seems to be involved in disease
predisposition.

A high frequency of non-DR3/non-DR4 in adult-onset
IDDM patients has already been reported in smaller series of
patients studied by means of serological HLA-DR typing (49).
It was very clearcut in this large study, particularly in patients
with onset after the age of 30 yr. These non-DR3/non-DR4
patients showed other peculiarities, with a notably low inci-
dence of ICA and less severe disease at onset, raising doubts as
to the autoimmune origin in at least some of these patients.

Our data confirm the genetic heterogeneity of patients who
present unambiguously with clinical symptoms typical of
IDDM and point to a need for complete patient characteriza-
tion (including accurate HLAtyping), particularly in epidemi-
ological or therapeutic studies. They also suggest the existence
of other mechanisms in atypical cases (non-DR3/non-DR4 or
Asp/Asp patients), as previously done in young black Ameri-
can diabetics (38) and patients with acute necrosis of # cells
(50). Caution should be used when single HLA markers are
employed to predict or exclude the risk for diabetes. In fact, the
relative risks show that there are not only one or two predispos-
ing alleles but a whole spectrum of predisposing and protective
alleles associated with different relative risks according to age
of disease onset.

In closing, it appears that several factors are probably re-
quired to trigger IDDM, possibly including relevant sequences
in other loci than DRand DQ(5 1 ). Preliminary reports have
shown some linkage disequilibrium with DP in certain haplo-
types (52). Alternatively, quantitative variations in the expres-
sion of class II genes, controlled at the level of regulatory seg-
ments, could be critical in determining the incidence of IDDM
in individuals genetically at risk (53). Non-MHCgenes proba-
bly play an important role, as recently found in the nonobese
diabetic mouse (54, 55).
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