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Summary Using a highly discriminatory DNA typing
technique, based on the polymerase chain reaction
and reverse dot blot hybridization, more refined re-
sults were obtained on the association of particular
HLA class II alleles, haplotypes and genotypes with
insulin-dependent diabetes mellitus in the Belgian
population. The previously reported predisposing ef-
fect for the DRB1*0301 encoded DR3 serologic speci-
ficity was confirmed and could be assigned to the
DRB3*0200 encoded DR52b serologic specificity. A
second high risk haplotype, DRB1*0401-DQB1*0302
encoding the DR4-DQS8 serologic specificity, ac-
counted for increased susceptibility both in the total
insulin-dependent diabetic population and among
DR4-positive patients. Moreover, we found that these

DR4 associated DRB1 and DQBI alleles act as inde-
pendent risk factors. A possible role for the DPB1
locus can be rejected since the observed predisposing
effect for DPB1*0202 probably occurred due to link-
age disequilibrium of this allele with DRB1*0301.
Particular extended haplotypes accounted for the
decreased relative risk observed for the DR2, DR11
and DR13 serologic specificities. The highest rela-
tive risk was observed for those DQA1/DQB1 ge-
notypes, allowing for the formation of 4SS
(DQoA=2+/DQBAP-)  heterodimers. [Diabetologia
(1994) 37: 808-817]
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IDDM results from the autoimmune destruction of the
pancreatic insulin-producing beta cells. Concordance
rates for monozygotictwins (36 % ), HLA-identical and
-haplo-identical siblings (13 % and 4.5 %, respectively)
suggest a multifactorial predisposition for this disease,
the genetic factor being only partly determined by the
HLA genes [1,2].
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HLA genes are encoded in the human MHC com-
plex on chromosome 6 p21.3. Strong linkage disequili-
brium exists within this complex of genes but rare rec-
ombination events during evolution gave rise to differ-
ent HLA haplotypes in different ethnic groups [3-3].
Among Caucasians, HLA class [l DR3 and DR4 alleles
are positively associated with IDDM, while DR2 al-
leles have been shown to confer protection to the de-
velopment of the disease [2]. A stronger association
with homozygosity for particular DQBI1 alleles encod-
ing an aa other than Asp at position 57 was originally
found by Todd et al. [6] and confirmed in other studies
[7,8]. Since then, interest has focused on the DQ subre-
gion and a stronger association was found when both
DQB1 and DQAL1 loci were examined [9]. Charac-
teristically, DQAT1 alleles conferring susceptibility en-
code Arg at aa position 52. Khalil et al. [10] demon-
strated that rather the combined presence of
DQpA®57- (S) and DQoA™=?+ (S) alleles confer the
highest risk of developing IDDM. A model was pro-
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posed suggesting a dose effect for the number of sus-
ceptible DQaf (SS) heterodimers, encoded in cis or
trans [11].

In this study 211 IDDM patients and 205 healthy
control subjects, all Caucasians from Belgian origin,
were typed for the DRB1, DRB3, DRB4, DRBS,
DQA1,DQB1 and DPBI alleles, using a previously de-
scribed rapid and non-isotopic SSO typing assay, based
on the PCR and reverse dot blot hybridization [12]. We
evaluated a possible association of the class II alleles
and their extended haplotypes and genotypes with
IDDM.

Materials and methods

Patients and control subjects. Blood from a total of 211 unrelated
IDDM patients, all Caucasians of Belgian origin was collected at
the paediatric and adult endocrinology units of the University
Hospital of Leuven. All children and adolescents had typical
clinical IDDM, while in adults IDDM was confirmed by very low
C-peptide levels after glucagon administration (maximum
< 0.1 mmol/l) or by the presence of anti-islet auto-antibodies.
Eighty-nine patients were female and 122 were male; the mean
age at disease onset was 16.5 years (range 1-53 years). Our con-
trol population consisted of 205 healthy blood donors, all Cauca-
sians of Belgian origin. They were collected from the Blood
Transfusion Center of Leuven and had no personal or family his-
tory of IDDM.

PCR amplification and S50 typing. All patients and control sub-
jects were typed for the DQA1, DQBI1, DPB1, DRB1, DRB3,
DRB4and DRB5alleles as described previously [12]. Briefly, the
polymorphicsecond exons of the DQA,DQB, DPB,DRB genes
were amplified by the PCR and subsequently hybridized to a total
of 11 DQA1,18DQB1,23DPB1 and 31 DRB SSOs using arapid
and non-isotopic reverse dot blot hybridization assay. A DR4-
DRBI1 group-specificamplification and hybridization wasalsoin-
cluded to increase the resolution for particular DRB1*04 homo-
or heterozygous persons. The originally described DRB and
DPB1 hybridization protocols were adapted toyield areverse hy-
bridization assay on membrane-based strips with SSOs immobi-
lized in a line-wise fashion and the initially described chemilumi-
nescence detection protocol was adapted to yield a colorimetric
visualization of positive hybridization signals, using the
NBT/BCIP substrates (Innogenetics N. V., Gent, Belgium).

For the DQAL gene, at the time we started this study the
DQA1*0302 and DQA1#0104 alleles had not yetbeen described
and therefore the DQA1*0101/0104 and DQA1*0301/0302 al-
leles could not be distinguished and were grouped in this study as
DQA1#0101 and DQA1*0301, respectively. For the DQB1 gene,
therecently described DQB1*0606 allele [13] could not be distin-
guished from DQB1#0605. The recently defined DQB1*0304
[14], DPB1#2201 [15], DPB1¥2301 [16], DRB1*0303 [17],
DRB1*1409 and DRB1%1410 [16, 18] alleles were each unam-
biguously defined by a unique combination of SSOs and could
therefore be included in this study. For the DRB locus, the
DRB1#1501/1503 and DRB1*1601/1602 alleles were not
distinguished by our combination of SSOs and were grouped
as DRB1*1501 and DRB1*1601, respectively. Because typing
of the four expressed DRB genes is done simultaneously,
combinations of alleles differing only at aa position 86 could
not be distinguished. Therefore, the alleles DRB1%*1501/
1502, DRB1*0302/0303, DRB1#¥1101/1104, DRB1*¥1301/-
1302, DRB1*1401/1407, DRB1*1402/1406, DRB1*0801/0805,
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DRB3*0201/0202 were grouped as DRB1*1500, DRB1*0302,
DRB1#1101, DRB1*1301, DRB1¥1401, DRB1*1402,
DRB1*0801 and DRB3*0200, respectively.

A DRBI1 locus-specific PCR, amplifying all DRB1 alleles
except the DR2, DR7 and DR9 groups, was achieved using
the previously described DRB1 primer CRX37 (5-
GAATTCCCGCGCCGCGCT-3’) [19], matching a unique
DRB1sequenceintheintron3’ of exon2,incombination with the
conserved DRB-1 primer (5-GATCCTTCGTGTCCCCA-
CAGCACG-3") used in our assay for the co-amplification of the
four DRB genes [12]. Genomic DNA (0.5 pg) or 2.5 pl of a lysed
blood sample was amplified in a total volume of 50 ul containing
50 mmol/I KCl, 10 mmol/1 Tris-HCl (pH 8.3), 0.01 % gelatin,
1.5 mmol/l Mg?*, 200 umol/l of each dATP, dCTP, dGTP (Phar-
macia LKB Biotechnology, Uppsala, Sweden), 180 umol/l of
dTTP (Pharmacia LKB Biotechnology, Uppsala, Sweden),
20 pmol/l of biotin-11-dUTP (Sigma Chemical Company, St.
Louis,Mo., USA),0.2 pmol/l of each primer and 0.5 unit of Ther-
mus aquaticus DNA polymerase (Perkin-Elmer Cetus Corp.,
Norwalk, Conn., USA). The amplification was carried out on a
DNA Thermal Cycler (Perkin-Elmer Cetus Corp). Aninitial de-
naturation step of 5 min at 95 °C was followed by 32 cycles of incu-
bation for 1 minat95°C,1 minat55°C,1 min at 72°C. A final ex-
tension step of 10 min at 72°Cwas added. In our study this DRB1
typing was used to discriminate the DRB1*0802/DRB1*0804 al-
leles and the DRB1*0301/ DRB1*0302/DRB1*0303 alleles for
heterozygotes carrying the DRB3*0301 allele. A DR2-DRB1
group-specific amplification was developed using the DR2-
DRB1 primer (5-TTCCTGTGGCAGCCTAAGAGG-3") of
the 11 th International Histocompatibility Workshop, matching
the unique DRB1 sequence that characterizes the DR2 alleles,
in combination with the conserved DRB-2 primer (5-
GCCGCTGCACTGTGAAGCTCTC-3’) used in our assay for
the coamplificationof the four DRB genes[12]. The amplification
mixture and PCR conditions were identical to the DRB1 locus-
specific amplification except for Taq polymerase, used in a con-
centration of 1 unit/50 ul amplification mixture. This DR2 group-
specific analysis was performed in our study to analyse the DRB1
alleles in DR2 homozygotes and particular DR2 heterozygotes.

Statistical analysis. RR is an odds ratio: (number of patients with
allelemumber of patients without allele)/(number of control
subjects with allele/number of control subjects without allele)
[20]. P-values were calculated by the Fisher Exact Test [21] and
corrected for the number of tests carried out by the use of the
Bonferoni correction [22,23]. RRs were calculated for different
alleles, haplotypes and genotypes. In the analysis of the alleles
and haplotypes, we assume that individual alleles and haplo-
types at a given locus constitute independent risk factors. RRs
and p-values were only calculated for those alleles or haplotypes
that were counted at least 10 times in the total (control +
IDDM) population.

In each group of control subjects and IDDM patients,
DQA1-DQB1-DRBI1 haplotypes were deduced from subjects
who were homozygous for at least two of three loci. The ob-
tained results fitted with those expected from the reported link-
age disequilibria [4, 24], except for two previously undescribed
haplotypes. DRB1-DRB3 haplotypes were deduced from
DRB1 (DRB3 associated) or DRB3 homozygotes and from
DRB3/non-DRB3 heterozygotes. An analogous strategy was
followed to deduce the DRB1-DRB35 haplotypes. No DRBI1-
DRB3 or DRB1-DRBS haplotypes that did not follow the estab-
lished linkage disequilibrium were found [4].

Differences in RRs within groups of alleles were calculated
via a likelihood ratio test. In this approach, two likelihoods are
calculated on the observed data: the first likelihood is calculated
under the assumption that all alleles of a given group convey the
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Fig.1. Examples of DRB1 locus-specific typing results. DNA of
four heterozygous subjects was amplified for the DRB (A, B, C,
D) or DRB1 (A’,B’, C’,D’) genes, using the DRB-1/DRB-2 (12)
or DRB-1/CRX37 primer pairs, respectively. PCR products were
subsequently hybridized to a number of membrane-boundlocus-
specific SSOs. Positive hybridization signals were visualized
using a colorimetric (NBT/BCIP based) detection reaction

same RR, while the second likelihood is calculated under the as-
sumption that each allele within that group confers a specific
RR, which may be different from the RR of the other alleles. By
taking twice the difference of the natural logarithms of these
likelihoods, one obtains a statistic that will approximately follow
a chi-square distribution, with the appropriate number of df.
When a high- or low-risk allele was identified, we sub-
sequently analysed the possibility of subdividing that risk allele
more accurately by comparing the risks for two-locus haplotypes
containing that particular allele. The statistical evaluation in-
volved a chi-square test with the appropriate number of df.
While this method allows the definition of high- and low-risk ha-
plotypes, it does not distinguish between the effects due to link-
age disequilibrium between the loci and the effects due to inde-
pendently acting risk alleles that occur together in a haplotype.
To make such distinctions, we applied a stepwise likelihood-ratio
test. The following scenarios were evaluated: i) neither allele in
the haplotype conveys any risk (HO), ii) only an allele at one of
the loci conveys risk, there is no disequilibrium between the loci
(one extra df over HO), iii) both loci convey risk, but they are not
inlinkage disequilibrium (the alleles constitute independent risk
factors) (two extra df over HO), iv) an allele at one of the Ioci
conveys risk, the other allele is not a separate risk factor, butisin
linkage disequilibrium with the first allele (two extra df over
HO) and v) both loci convey risk, and they are in linkage dis-
equilibrium with each other (four extra df over HO).
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Fig.2. Examples of DR4-DRB1 and DR2-DRB1 group-specific
typing results. DNA of two heterozygous subjects was amplified
for the DRB (A, B) and DR4-DRB1 (A’) or DR2-DRB1 (B’)
genes, using the DRB-1/DRB-2 and DR4-1/DRB-2 or DR2-
DRB1/DRB-2 primer pairs, respectively. PCR products were
subsequently hybridized to a number of membrane-bound
locus-specific SSOs. Positive hybridization signals were vis-
ualized using a colorimetric (NBT/BCIP based) detection reac-
tion. DR2": for DR2 homozygote subjects, the presence or allclic
identity of the DRBI1 genes cannot be detected using the DRB
typing protocol

Results

DRBI locus-specific and DR2-DRBI group-specific
analysis. Inour initial assay [12}, all four expressed DRB
geneswere amplified and typed together. This allows for
averyrapid and simple analysis but complete subtyping
becomes impossible for particular heterozygotes, en-
coding DRBI alleles that differ only at aa position 86.
Also, no discrimination could be made between the
DRB1*03 alleles for persons carrying the DRB3*0301
allele. To allow for further analysis of these allelic com-
binations, we developed a DRB1-specificPCR. This ad-
ditional analysis was applied to discriminate the
DRB1*0802/DRB1*¥0804 alleles and the DRB1*03 al-
lelesin the presence of the DRB3*0301 allele. The exist-
ence of recombined DR2 DRB1-DRBS5 haplotypes or
haplotypes lacking the DRB1 or the DRBS5 gene has
been described previously [25-27]. A DR2-DRBI1
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Table 1. Distribution of DQA1 alleles among IDDM patients and healthy control subjects

IDDM (1 =211, a = 420) Control (n =205, a = 409)
DQAT* Arg® n % n % RR p
0101 - 43 10.2 62 15.2 0.638 N.S.
0102 - 27 6.4 87 213 0.254 1.7x10°
0103 - 6 14 38 9.3 0.141 1.1x10°
0201 - 19 4.5 55 13.4 0.305 2.92x10°
0301 + 164 39.0 50 122 4.600 <10
0401 + 14 33 5 12 2786 N.S.
0501 + 147 350 111 27.1 1.445 N.S.
0601 + 0 0 1 024 N.T. N.T.
Arg?* 325 774 167 40.8 4.957 <10*

The alleles DQA1*0401/0601 could not be distinguished in one
control subject and two IDDM patients, encoding DQA1%0201
on the second chromosome. For these subjects, only the
DQA1*0201 allele was included in the statistical analysis. There-~
fore, a total of 420 diabetic and 409 normal chromosomes were
compared. All DQAL alleles that were not counted at least 10

times in the total (control + IDDM) population were not tested.
p-values were corrected for the number of DQA1 alleles tested.
n:Number of IDDM patients and control subjects; a: Number of
diabetic and control chromosomes. N.T.: not tested, N.S.: not
significant

Table 2. Distribution of DQB1 alleles among IDDM patients and healthy control subjects

IDDM (n =207,a = 414)

Control (n =205, a = 410)

DQB1* Asp” n % n % RR P

0501 - 40 9.7 54 13.2 0.705 N.S.

0502 - 5 12 11 2.7 0.443 . N.S.

0503 + 2 0.5 8 2 0.244 N.S

0504 - 0 0 0 0

0601 + 0 0 5 12

0602 + 2 0.5 49 12 0.036 <10t
0603 + 6 1.4 33 8 0.168 435% 10
0604 - 17 4.1 20 4.9 0.835 N.S.

0605 - 2 0.5 7 1.7

0201 - 156 377 82 20 2.419 1.52x 107
0301 + 23 5.6 81 19.8 0.239 3.6 x10°
0302 - 139 33.6 34 83 5.590 <lo™
0303 + 7 1.7 21 5.1 0.319 N.S.

0304 - 0 0 0 0

0401 + 0 0 0 0

0402 + 15 3.6 5 12 3.045 N.S.
Asp™- 359 86.7 208 50.7 6.339 <lo%

p-values were corrected for the number of DQB1 alleles tested.
All DQBI alleles that were not counted at least 10 times in the
total (control + IDDM) population were not tested. Four
IDDM patients were not typed for DQB1. Therefore, a total of

group-specific amplification and hybridization was per-
formed for DR2 heterozygotes carrying an allele that is
identified by SSODRB16 and for DR2 homozygotes.
Resultsof DRB1and DR2-DRB1 group-specifictyping
results are shownin Figures 1 and 2.

Distribution of DQAI alleles. As described previously
[10], alleles encoding Arg¥* DQu chains are suscepti-
bility alleles (Table 1). A statistical test was carried out
to evaluate whether there is a significant heterogeneity
among the RRs of the various alleles encoding Arg>
positivity. The result yielded a chi-square value of21.04
(2 df), which implies that homogeneity of risks within
the Arg>* group could be rejected with a p-value of

207 IDDM patients was included in the statistical analysis. n:
Number of IDDM patients and control subjects, a: Number of
diabetic and control chromosomes. N. 8., not significant

0.00003. Among IDDM patients, the frequencies of
the DQA1*0301 (Arg**) and the DQA1*0102,
DQA1*0103, DQA1*0201 (Arg®>) alleles were signifi-
cantly increased and decreased, respectively.

Distribution of DQBI alleles. The distribution of the 16
DQB1 alleles defined in this study is shown in Table 2.
As described previously [6-8], alleles encoding Asp™’-
DQJ chains are susceptibility alleles (Table 2). Homo-
geneity among the RRs of the various alleles within the
Asp’- group could be rejected with a chi-square of
52.20 (4 df), corresponding to a p-value less than 107°.
Among IDDM patients, the frequencies of the
DQB1*0201, DQB1#0302 (Asp®”) and the DQB1*



812

0301, DOB1*0602, DQB1*0603 (Asp®’*) alleles were
significantly increased and decreased, respectively.

Distribution of DPBI alleles. Unresolved typing results
were obtained for a total of four control subjects who
were not included in the statistical analysis. The same
was true for a previously undefined DPB1*¥4601 allele
that we detected in one control subject [28]. The
DPB1*0401 was the most frequent allele in the two
populations. A significant increase (RR =16.66,
p =0.0012) of the rare DPB1*0202 allele in the IDDM
patient population was found. In general, DPB1 alleles
are not in linkage disequilibrium with DRB or
DQA/DQB alleles. However, the increased risk con-
ferred by DPB1*0202 seems to be secondary to linkage
disequilibrium with the increased DRB1*0301 aliele in
the IDDM population. Indeed all 17 IDDM patients
carrying a DPB1%0202 allele were DRB1*0301 posi-
tive, although this does not mean that the two alleles
were encoded on the same chromosome. However, 11
of 17 were DRB1*0301 homozygous and therefore at
least 64.7 % (in contrast to the 11.9% expected from
the allele frequency of DRB1*0301) of the DPB1*0202
alleles were assoclated with the DRB1*0301 allele,
clearly indicating a non-random association between
these two alleles. The one DPB1*0202 positive control
subject was DRB1#0301 negative.

Distribution of DRB alleles. The distribution of the 33
DRB1 and 3 DRBS alleles defined in this study is
shown in Table3. Unresolved typing results
(DRB1#0405/0408 = DRB1%0405/0405, DRB1*0401/
0405 = DRB1#0408/0409, DRB1*1201/DRB1*0101-
DRB1*0102) were obtained for three IDDM patients
and one control subject and were not included in the
statistical analysis. The DRB1*1101/DRB1*1102 and
DRB1*1301/DRB1*1305 alleles were pooled as
DRB1*1100 and DRB1*1300, respectively and these
groups of alleles were compared as such between the
two populations. Because a similar protective effect
was observed for the individual alleles that were pooled
in the two groups and because the frequencies of
DRB1*1102 and DRB1#1305 were low (data not
shown), it is unlikely that this had any influence on the
outcome of the analysis. Because no significant effects
were observed for the different DR4 alleles, except for
DRB1*0401, and because the frequencies of the indi-
vidual alleles were rather low (data not shown), we de-
cided to pool all DRB1*04 subtypes, except for
DRB1*0401 (defined as DRB1*0400) and to analyse
them separately from DRB1*0401.

Among IDDM patients, the frequency of the
DRB1*0301 and DRB1*0401 alleles was significantly
increased. A significant decrease of the DRB1*1500,
DRB1#0701, DRB1#1100 (mainly caused by
DRB1#1101, data not shown), DRB1*1300 (mainly
caused by DRB1*¥1301, data not shown) alleles was
also seen.
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Comparison of DRB3 alleles revealed no significant
association with IDDM. Thus, we analysed whether
particular high or low risk DRB1 associations could be
further defined by considering the DRB1-DRB3 ha-
plotypes. Therefore, the DRB1-DRB3 haplotypes for
those DRBI alleles that were in linkage disequilibrium
with more than one DRB3 allele (DRB1*0301 and
DRB1*1300) were compared (Table 4). Subdivision of
the DRB1*0301 haplotype into a DRB3*0101 and a
DRB3*0200 group showed an increase of the
DRB1*0301-DRB3*0200 haplotype in the IDDM
group. It should be mentioned that RRs differ from
those presented in Table 3. Here, the RRs were calcu-
lated by comparison with the non-DRB1*0301 group.
Homogeneity among the RRs for the different
DRB1*0301-DRB3 haplotypes within the DR3 group
could be rejected with a chi-square of 19.30 (1 df),
corresponding to a p-value of 0.000011. Thus, although
a susceptibility role for DRB1#0301 was found in the
Caucasian population by several groups [2, 29, 30], this
effect could be further defined by analysing DRB1-
DRB3 extended haplotypes for this allele. Analogous-
ly, we analysed if the protective effect of DRB1#*1300
could be further defined by considering the DRBI1-
DRB3 extended haplotypes. For the DRB1*1300 al-
leles, the DRB3%0101 associated haplotype was signifi-
cantly decreased in the IDDM patient population (data
not shown). Again, RRs differ from those presented in
Table 3, as they were calculated by comparison with the
non-DRB1*1300 group. Homogeneity among the RR
for the different DRB1%1300-DRB3 haplotypes within
the DRB1%*1300 group could be rejected with a chi-
square of 9.701 (2 df), corresponding to a p-value of
0.0078. The situation is more complex however, be-
cause of the existing linkage disequilibrium of the
DRB1#1300 alleles with different neutral or protective
DQA1-DQBI1 haplotypes (see below).

Analogous analysis of the DRBS alleles (Table 3)
showed a significant decrease, to the same extent as
DRB1*¥1500, of DRB5*0101, among IDDM patients.
This is a consequence of the strong linkage disequili-
brium between the DRB5*0101 and DRB1*1501 al-
leles [4, 24].

Distribution of DQAI-DQBI-DRBI haplotypes. The
distribution of the 33 deduced DQA1-DQB1-DRB1
haplotypes found in this study is shown in Table 5. De-
duced haplotypes fitted with those expected from the
reported linkage disequilibria [4, 24] for all except one
control subject and one IDDM patient. A significant
decrease of the DRBI1*1500-DQA1*0102-DQB1*
0602, DRB1*1100-DQA1*0501-DQB1*0301, DRB1*
1300-DQA1*0103-DQB1*0603, DRB1*0701-DQA1*
0201-DQB1*0303 haplotypes in the IDDM patient
population was shown. The DRB1*0301-DQA1*0501-
DQB1%0201 and DRB1*0401-DQA1*0301-DQB1*
0302 haplotypes were however significantly increased
among the diabetic patients.
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Table 3. Distribution of DRB1, DRBS5 alleles among IDDM patients and healthy control subjects
IDDM (n =208, a=416) Control (n =204, a = 408)
DRB1* n % n Y% RR p
0101 36 8.65 40 9.80 0.872 N.S.
0102 5 120 7 1.72 0.697 N.S.
0103 0 0 5 123
1500 2 0.48 55 13.48 0.031 <10-1
1601 5 1.20 10 245 0.484 N.S.
0301 135 3245 47 11.52 3.690 <10-¢
0302 0 0 0 0
0401 121 29.09 30 7.35 5.168 <10~
0400 31 7.45 19 4.66 1.648 N.S.
1100 7 1.68 50 12.25 0.122 <0.5x10-3
1103 0 0 1 0.24
1105 0 0 0 0
1201 3 0.72 6 1.47
1202 0 0 1 0.24
1300 26 6.25 59 14.46 0.394 8.78 x 104
1303 0 0 2 049
1304 0 0 0 0
1306 0 0 0 0
1401 2 0.48 8 0 0.242 N.S.
1402 0 0 0 0
1403 0 0 0 0
1404 0 0 0 0
1405 0 0 0 0
1408 0 0 0 0
1409 0 0 0 0
1410 0 0 0 0
0701 19 457 55 13.48 0.307 5.7x1073
0801 14 336 5 1.22 2.870 N.S.
0802 1 024 0 0
0803 0 0 2 0.49
0804 2 0.48 3 0.74
0901 7 1.68 1 0.24
1001 0 0 2 0.49
DRB5*
0101 2 0.48 50 1225 0.035 <10~
0102 0 0 5 122
0201 5 1.20 10 245 0.484 N.S.
- 409 97.61 343 84.07 11.072 <10~
P-values were corrected for the number of DRB1 and DRBS al- not tested. Unresolved typing results (DRB1*0405/0408 =
leles tested. The DRB1#*0400 group contains all DRB1*04 al- DRB1*0405/0405, DRB1*0401/0405=  DRB1*0408/0409,

leles except for DRB1#0401. The DRB1*1100 and DRB1#1300
groups contain the DRB1*1101/1102 and DRB1*1301/1305
alleles, respectively. All DRB alleles that were not counted at
least 10 times in the total (control + IDDM) population were

All diabetic and control subjects who carry the
DRB1*1500-DQA1*0102-DQB1*0602 haplotype en-
code the DRB5*0101 allele. In our assay we could not
distinguish between the DRB1¥1501/1502/1503 alleles.
However, because of the reported linkage disequilibria
for the DR2 alleles [4, 24], it is most likely that
DRB1*1501 is present in this strong protective haplo-
type. Although DRB1*1501/1503 are both included in
identical extended haplotypes, DRB1*1503 can prob-
ably be excluded because it is almost exclusively found
in the black population [4,31]. Itis also unlikely that the
DRB1*1500 haplotype contains DRB1*1502 because

DRB1*1201/DRB1*0101-DRB1*0102) were obtained for three
IDDM patients and one control subject and were not included in
the statistical analysis, a: number of diabetic and control chro-
mosomes. N. S., not significant

this allele is probably included in the DRB5*0102 en-
coding DRB1*¥1500-DQA1*0103-DQB1*0602 and
DRB1%¥1501-DQA1*0102-DQB1*0502  haplotypes,
predominantly presentinthe oriental population[4,24].

By subdividing the DRB1*¥1300 group according to
the extended DQA1-DQBI1 haplotypes, the protective
effect of DRB1*¥1300 seems to be mainly caused by
the DQA1*0103-DQB1*0603 haplotype {RR for
DRB1*1300 =0.394 (Table 3), RR for DRB1*1300-
DQA1*0103-DQB1*0603=0.176 (Table5)}. In ac-
cordance with the reported linkage disequilibrium [4],
the DRB1*1300-DQA1*0103-DQB1*0603 haplotype
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was exclusively associated with the expression of the
DRB3*0101 and DRB3*0200 alleles in our population.
We concluded that the protective effect of the
DRB1*1300-DQA1*0103-DQB1*0603 haplotype is
strictly related to the expression of DRB3#0101 (data
not shown). This is similar to what we observed for
DRB1*#0301, where susceptibility was related to the ex-
pression of DRB3*0200. These results for the
DRB1#1300 haplotype allow us to suggest that
DRB1*1301, rather than the DRB1*1302 or the
DRB1%1305 alleles will be included in this protective
haplotype. Although we can suggest the DRB1¥1501
and DRB1*1301 alleles are responsible for the protec-
tive effect of the DRB1*¥1501 and DRB1*1300 groups
of alleles, it should be mentioned that minor exceptions
to the accepted linkage disequilibria have been re-
ported [4, 24].

Interesting also is the DRB1*07 haplotype; whereas
the DQA1*0201-DQB1¥0201 haplotype clearly ac-
counts for the previously reported neutral effect for the
DRB1*0701 allele in the Caucasian population [2, 29],
a protective effect was shown for the DR7 associated
DQA1*0201-DQB1*0303 haplotype, indicating a pro-
tective role for the Asp>’* DQB1*0303 allele.

Next we analysed the homogeneity of the RRs of the
different DRB1*04 alleles and of the different DR4-as-
sociated DQBL1 alleles among the DR4-positive pa-
tients and control subjects (Table 4). It should be men-
tioned that RRs differ from those presented in Table 2
(forthe DOB1RR)and Table 3 (forthe DRB1*04RR).
Here, the RRs were calculated by comparison with the
non-DR4 group (259 diabetic and 358 control chromo-
somes, respectively). Concerning the DQB1*03 group
of alleles, an increased total risk of DOB1*03 was ob-
served in the DR4 positive IDDM group (RR 0f 4.147).
Homogeneity among the separate RRs for the different
DQB1*03 alleles within the DR4-positive group could
be rejected with a chi-square of 15251 (1 df), corre-
sponding to a p-value of 0.0001. Thus, we can conclude
that the risk of DQB1*¥0302 was significantly increased
among DR4 positive IDDM patients. Analogously, we
tested the distribution of the DRB1*04 alleles among
the DR4-positive group of patients and control subjects
(Table 4). An increased total risk of DRB1*04 was ob-
served in the DR4 positive IDDM group (RR of 4.147).
Homogeneity among the separate RRs for the different
DRB1#04 (DRB1#0401<-> DRB1*0400) alleles
within the DR4 positive group could be rejected with a
chi-square of 6.699 (1 df), corresponding to a p-value

<0.01. Thus, we can conclude that the risk of
DRB1*0401 was significantly increased among DR4
positive IDDM patients. In order to unravel the con-
tribution of DRB1*0401 and DQB1*0302 [32], we ap-
plied a stepwise likelihood-ratio test. Evidence for ef-
fects of DQBI1 (chi-square 13.398,1 df) and DRB1 (chi-
square 6.527,1 df) was strong. The assumption that both
loci act as independent risk factors provided a substan-
tially better explanation of the data (chi-square 6.527, 1
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Table 4. Distribution of DRB1*04 alleles and DQB1 alleles,
DRB1#0301-DRB3 and DRB1*1300-DRB3 haplotypes among
DRB1*04, DRB1*03 and DRB1#*13 positive control subjects
and IDDM patients, respectively

IDDM Control
n % n % RR
DRB1*
0301
DRB3#*0101 77 57.04 41 93.18 2413
DRB3*0200 38 42.96 3 6.82 24.837
135 44
1300
DRB3*0301 20 76.92 23 41.07 0.778
DRB3*0101 2 7.69 18 32.14 0.099
DRB3%02100 4 15.38 15 26.78 0.239
26 56
DQB1*
0301 12 8.16 15 30.61 1.106
0302 133 90.48 34 69.39 5.407
other 2 1.36 0
total 147 49 4.147
non-DRB1*04 259 358
DRB1*
0401 116> 7891 30 61.22 5.345
0400 31 21.09 19 38.78 2.255
total 147 49 4.147
non-DRB1*04 2597 358°”

P-values were corrected for the number of alleles or haplotypes
tested. The DRB1*0400 group contains all DRB1*04 alleles ex-
cept DRB1*0401. The DRB1*1300 group contains the
DRB1*1301/1305 alleles. All alleles or haplotypes that were not
counted at least 10 times in the total (control + IDDM) popula-
tion were not tested. The DRB1*#0301-DRB3 haplotype phase
could not be assigned for three control persons that were not in-
cluded in the analysis. The DRB1*1300-DRB3 haplotype phase
could not be assigned for three control persons. : of the 121 orig-
inal IDDM DRB1*0401 alleles, five occurred in patients for
whom no haplotype could be constructed. ”: of the 264 original
IDDM non-DRB1*04 DRB1 alleles, five occurred in patients
for whom no haplotype could be constructed. ”’: of the 359 orig-
inal non-DRB1%04 DRB1 alleles in the control population, one
occurred in a control subject for whom no haplotype could be
constructed. RRs were calculated by comparison with the total
population - the respective group of alleles for which heteroge-
neity of the separate alleles or extended haplotypes was tested

df) than the assumption that DRB1*0401 is not a risk
factor but simply in linkage disequilibrium with
DQB1#0302 (chi-square 0.110, 1 df). The most complex
hypothesis,in which both alleles act asrisk factors, while
a different disequilibrium between both alleles in the
IDDM and control population exists provided only a
marginally better explanation than the hypothesis in
which both alleles act as independent risk factors that
are not in disequilibrium (chi-square 1.473, 2 df). Thus,
we can confirm the hypothesis of Sheehy et al. [32] that
the DRB1*0401 and DQB1*0302 alleles confer a high
risk of developing IDDM and that they act as inde-
pendent risk factors.
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Table 5. Distribution of DQA1-DQB1-DRB1 haplotypes among IDDM patients and control subjects

IDDM (n = 204, a = 406)

Control (n =204, a = 407)

DRB1* DQA1l* DQAI1* n % n % RR p
0101 0101 0501 35 8.62 40 9.83 0.866 N.S.
0102 0101 0501 S 1.23 7 1.72 0.712 N.S.
0103 0101 0501 0 0 4 0.98

0101 0501 0301 0 0 1 0.24

1500 0102 0602 2 0.46 49 12.04 0.036 <10-1
15600 0103 0601 0 0 5 123

1500 0102 0502 0 0 1 0.24

1601 0102 0502 5 123 10 2.46 0.495 N.S.
0301 0501 0201 134 33.00 47 11.55 3.773 <10-4
0401 0301 0301 10 2.46 11 2.70 0.909 N.S.
0401 0301 0302 106 26.11 19 4.67 7.215 <103
0400 0301 0301 2 0.46 4 0.98

0400 0301 0302 27 6.65 15 3.68 1.862 N.S.
0400 0301 0201 2 0.46 0 0

1100 0501 0301 7 1.72 50 1228 0.125 10-8
1103* 0103 0603 0 0 1 0.24

1201 0501 0301 3 0.74 6 1.47

1202 0501 0301 0 0 1 0.24

1300 0103 0603 6 1.48 32 7.86 0.176 0.0001
1300 0102 0604 17 4.19 20 4.91 0.846 N.S.
1300 0102 0605 2 0.46 7 1.72

1303 0501 0301 0 0 2 0.49

1401 0101 0503 2 0.46 8 1.96 0.245 N.S.
0701 0201 0201 19 4.68 35 8.60 0.522 N.S.
0701 0201 0303 0 0 20 4.91 0 10-3
0801 0401 0402 11 271 5 1.23 2.239 N.S.
0801* 0401 0302 1 0.23 0 0

0802 0401 0402 1 0.23 0 0

0803 0601 0301 0 0 1 0.24

0804 0401 0402 1 0.23 0 0

0804 0501 0301 1 0.23 3 0.74

0901 0301 0303 7 1.72 1 0.24

1001 0101 0501 0 0 2 0.49

P-values were corrected for the number of haplotypes tested.
The DRB1*0400 group contains all DRB1*04 alleles except for
DRB1*#0401. The DRB1%1100 and DRB1*1300 groups contain
the DRB1*1101/1102 and DRB1*1301/1305 alleles, respective-
Iy.
Probable DRB1-DQA1-DQBI1 haplotypes that have not yet
been described are indicated by *. AllDRB1-DQA1-DQB1 ha-
plotypes that were not counted at least 10 times in the total (con-
trol + IDDM) population were not tested. Typing results were
not included for seven IDDM patients (DQB1 and DRB typing

We also confirmed the previously suggested hypo-
thesis that particular DQA1-DQBI1 haplotypes, rather
than specific DQA1 or DQBI alleles, are associat-
ed with IDDM [9, 10]. Analysis of the IDDM asso-
ciated haplotypes showed that the effect of partic-
ular increased (susceptibility: S = DQA14®2+ or
DQB14%7)  or decreased (protective: P =
DQA14%% or DQB14%Y+) DQA1 or DQB1 alleles
was caused by their association with particular S or P
DQB1 or DQA1 alleles, respectively; the effect of
the susceptible DQA1¥0301 and protective
DQA1*0201 alleles appeared to be related to their
presence in the DQA1*0301-DQB1%*0302 and
DQA1*0201-DQB1*0303 haplotypes, respectively.

results were missing for four and three patients, respectively)
and one control person (the DRB typing result was missing) (cfr
supra). The alleles DQA1*0401/0601 could not be distinguished
in one control person and two IDDM patients, encoding
DQA1*0201 on the second chromosome. For these persons,
only the DQA1*0201 associated haplotype was included in the
statistical analysis. Therefore, a total of 406 diabetic and 407 nor-
mal chromosomes were compared. #: number of IDDM patients
and control subjects, a: number of diabetic and control chromo-
somes. N.S.: not significant

Analogously, the effect of the susceptible DQB1*0201
and protective DQB1*0301 alleles seemed to be re-
lated to their presence in the DQA1*0501-DQB1*0201
and DQA1*0501-DQB1*0301 haplotypes, respective-
ly (Table 5). The DQA1*0501 was increased or de-
creased among the IDDM patient population, depend-
ing on the particular DQA1-DQB1 haplotype that was
formed and therefore the effect based on its allele fre-
quency was neutralized.

Distribution of DQAI-DQBI1 genotypes. Concerning
DQBI1 genotypes, it was demonstrated previously that
homozygosity for non-Asp> DQS chains is positively
associated with IDDM [6-8]. A total of 74.9% of our
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Table 6. Frequencies among IDDM patients and control sub-
jects of the different HLA-DQ genotypes, according to the num-
ber of susceptible (SS) DQA1-DQB1 haplotypes that are en-
coded in cis and/or trans

SS DQA1/DOQB1 IDDM Control RR
heterodimers n=207 n=205

n n
0 12 102 1.0
1 22 52 3.596
2 71 42 15.583
4 96 9 90.667

RR were calculated by comparison with the 0 dose group. n:
number of IDDM patients and control subjects

IDDM patients, compared to 27.3 % of our control sub-
jects were DOB>"homozygous. Since we founda strong
predisposing effect for Asp” alleles (RR =6.339,
Table 2),we wanted to evaluate whether the effect in in-
dividuals who are homozygous for Asp”~ is simply a
consequence of the presence of two predisposing alleles
or whether there is an additional increase in risk. In a
likelihood-ratio test, the hypothesis that the RR in ho-
mozygotes would be equal to the square of the RRs in
heterozygotes (40.18 vs 6.339) was compared to the hy-
pothesis that each group has his own RR (allowing for
interaction in homozygotes). No significant evidence
could be obtained for an interactive effect in homozy-
gotes (chi-square 1.258, 1 df). The presence of Asp”’~al-
leles seems to be a risk factor that acts in a codominant
fashion. Because of the heterogeneity observed among
the predisposing effects of different DQB1°"-alleles, we
suspected an analogous heterogeneity among the RRs
of the different DQB14%%~ (SS) genotypes. The ana-
lysis of the DQB1 genotypes is in agreement with our
previous conclusion, based on the genetic hetero-
geneity of Asp®™ DQB1 alleles, that other risk fac-
tors are likely to act in tandem with the predispos-
ing DQB1 genotypes. Most patients encoding SS geno-
types carried the DQB1*0303/0302, DQB1*0302/0201
or DQB1*0201/0201 genotypes. Indeed, the highest
RRs were obtained for the DQB1*0302/0302 and
DQB1*0201/0302 genotypes (datanot shown).

Khalil and co-workers [10] originally suggested that
IDDM is associated with the combined presence of
particular susceptible (S) DQA1 (Arg™*) and suscep-
tible (S) DQB1 (Asp>”) alleles. In our study, we also
detected predisposing effects for particular DQAT and
DQB1 alleles. It has been suggested by Khalil et al. [11]
that these factors interact in a specific way. Frequencies
of the different HLA-DQ genotypes, according to the
number of susceptible (SS) DQA1-DQBI haplotypes
that are encoded in cis and/or trans, among IDDM pa-
tients and control subjects, are indicated in Table 6.
The highest risk (RR = 90.667) was observed for those
patients, encoding a DQA1-DQB1 genotype that gives
rise to the maximum of SS heterodimers [4]. RR were
calculated by comparison with the 0 dose group of per-
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sons (RR =1). We compared the scenario where both
risk factors act independently with the scenario pro-
posed by Khalil etal. [11], where the number of
possible allelic interactions is regarded as a “dosis”. A
straightforward comparison of likelihoods was not
possible, as the two scenarios do not represent nested
models. Use of Akaikes information criterion [33] en-
abled us to compare the two hypotheses. The “dosis”
hypothesis yielded a slightly better explanation (likeli-
hood 1518.440) than the hypothesis of no interaction
between Asp®’~ and Arg?* (likelihood 1518.965), but
the difference is so marginal that a firm conclusion is
not warranted.

Discussion

Using a highly discriminatory DNA typing technique
and large populations of IDDM patients and control
subjects, we were able to obtain more refined results on
the association of IDDM with particular HLA class IT
alleles, haplotypes and genotypes.

In a first phase we analysed allelic associations for
each polymorphic class II locus. We found a significant
positive association for Arg?* DQAI1 and Asp’™
DQB1 alleles, as reported previously [6-8, 10]. How-
ever, we could clearly show heterogeneity among the
alleles comprised in each of these groups, only specific
alleles being significantly associated. For the DPBI1
gene, we found a very significant increase of the rare
DPB1*0202 allele among IDDM patients. Analysis of
the extended haplotypes for these patients, however,
revealed that this association most likely occurred due
to linkage disequilibrium of this allele with the DR3
serologic specificity, which positively associates with
IDDM. More interesting results were obtained by ana-
lysing extended haplotypes and genotypes. As shown
in Table 5, significant association was found for par-
ticular DRB-DQA1-DQB1 haplotypes. Specifically
for the DR4-related susceptibility haplotype, we
showed that it was the combined presence of
DRB1*0401-DQA1*0301-DQB1*0302 alleles that
was responsible for an increased risk. Moreover, we
showed that each of the DRB1*0401 and DQB1*0302
alleles confer an increased risk but also that these al-
leles act as independent risk factors. For the DR3 speci-
ficity, we demonstrated that this effect was restricted to
the DRB3%*0200 encoding haplotype. The highest pre-
disposing effect was obtained for those DQ genotypes
that encode four SS heterodimers (S referring to
DQA1 Arg>* and DQB1 Asp*~susceptibility alleles).
We could not however obtain conclusive evidence of an
interactive effect between the susceptible DQAL and
DQBI1 alleles, as reported by Khalil et al. [11].

These data suggest that it is the specific appearance
of particular alleles encoded at the various HLA class
IT loci that confers susceptibility or protection to
IDDM. For the DR4 associated susceptibility we dem-



I. Buyse et al.: HLA class II and insulin-dependent diabetes mellitus

onstrated that both alleles act as independent risk fac-
tors. However, how these different loci are involved in
the development of IDDM remains unclear, as the na-
ture and the role of possible (auto)antibodies that are
responsible for the initiation of the immunologic de-
struction of pancreatic beta cells remains unclear. Fi-
nally, because of the multifactorial nature of IDDM, in
which multiple genes and environmental factors are
involved, a 100 % HLA-IDDM association could not
be obtained in this study. Nevertheless, very signifi-
cant associations for a restricted number of haplo-
types and genotypes were obtained, which could be
used in predisposition analyses, particularly in familial
cases.
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