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Summary

We report here our analysis of HLA class II alleles in 180
Caucasian nuclear families with at least two children with
insulin-dependent diabetes mellitus (IDDM). DRB1,
DQA1, DQB1, and DPB1 genotypes were determined
with PCR/sequence-specific oligonudeotide probe typing
methods. The data allowed unambiguous determination
of four-locus haplotypes in all but three of the families.
Consistent with other studies, our data indicate an in-
crease in DR3/DR4, DR3/DR3, and DR4/DR4 genotypes
in patients compared to controls. In addition, we found
an increase in DR1/DR4, DR1/DR3, and DR4/DR8 ge-
notypes. While the frequency of DQB1*0302 on DR4
haplotypes is dramatically increased in DR3/DR4 pa-
tients, DR4 haplotypes in DR1/DR4 patients exhibit fre-
quencies of DQB1*0302 and DQB1*0301 more closely
resembling those in control populations. The protective
effect of DR2 is evident in this data set and is limited to
the common DRB1 * 1501-DQB1 *0602 haplotype. Most
DR2' patients carry the less common DR2 haplotype
DRB1*1601-DQB1*0502, which is not decreased in pa-
tients relative to controls. DPB1 also appears to play a
role in disease susceptibility. DPB1*0301 is increased in
patients (P < .001) and may contribute to the disease risk
of a number of different DR-DQ haplotypes. DPB1 *0101,
found almost exclusively on DR3 haplotypes in patients,
is slightly increased, and maternal transmissions of
DRB1*0301-DPB1*0101 haplotypes to affected children
occur twice as frequently as do paternal transmissions.
Transmissions of DR3 haplotypes carrying other DPB1
alleles occur at approximately equal maternal and pater-
nal frequencies. The complex, multigenic nature of HLA
class II-associated IDDM susceptibility is evident from
these data.
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Introduction

Insulin-dependent diabetes mellitus (IDDM) is an auto-
immune disorder characterized by destruction of insulin-
producing beta cells in the pancreas. Progression to dis-
ease involves both genetic and environmental factors.
The environmental component of IDDM susceptibility
is not well understood, although viral infection has been
suggested as a triggering event (Fohlman and Friman
1993; Trucco and LaPorte 1995). The genetic compo-
nent of the disease is evident by familial clustering, eth-
nic variation in disease prevalence, and MZ versus DZ
twin studies (see, e.g., Thomson 1988).

In humans, as well as in animal models, IDDM is a
multigenic disease. The HLA component of IDDM ge-
netic risk was discovered in the 1970s, with both associ-
ation and affected-sib-pair data (Singal and Blajchman
1973; Cudworth and Woodrow 1974; Nerup et al.
1974). More recently, several candidate non-HLA loci
have been investigated, with inconsistent results (Field
1991). One of these loci, the 5' flanking polymorphism
of the insulin gene, now referred to as IDDM2, was
initially detected with case-control association data and
confirmed with nuclear family-based association data
(Bell et al. 1984; Spielman et al. 1989; Thomson et al.
1989). Several groups have mapped additional IDDM
genes by using affected-sib-pair linkage analysis. In addi-
tion to the HLA region (IDDM1-6p) and the insulin
gene region (IDDM2-1 lp), linkages reported in at least
two independent data sets include IDDM3 (15q),
IDDM4 (1lq), IDDM5 (6q), IDDM7 (2q), and IDDM8
(6q) (Davies et al. 1994; Field et al. 1994; Hashimoto
et al. 1994; Copeman et al. 1995; Luo et al. 1995; Ower-
bach and Gabbay 1995).

Linkage studies have demonstrated that the HLA re-
gion, termed IDDM1, is the major genetic determinant
of IDDM susceptibility (see, e.g., Davies et al. 1994).
From affected-sib-pair HLA haplotype sharing data,
Risch (1987) estimated that the HLA component of
IDDM susceptibility (Xs for HLA) accounts for a 3.42-
fold increased risk in siblings over the population preva-
lence, compared to an observed 15-fold increased risk
in siblings due to all genetic factors (Xs). Under a multi-
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plicative model, Risch calculated that HLA contributes
-44% to the genetic risk for IDDM.

Initial association studies of serologically determined
HLA alleles with IDDM showed increased frequencies
of B8-DR3 and B15(w62)-DR4 in Caucasians (Svej-
gaard et al. 1980; Tiwari and Terasaki 1985). Both DR3
and DR4 are very strongly associated with IDDM: over

93% of IDDM patients have at least one of these alleles,
compared to 43% of controls (Thomson et al. 1988),
with a significant increase in risk for DR3/DR4 heterozy-
gotes (Rotter et al. 1983; Thomson 1983; Louis and
Thomson 1986). Predisposing effects have also been
demonstrated for both DR1 and DR8, while DR2 is
known to be highly protective (see, e.g., Thomson et al.
1988).

Previous DNA-based HLA typing studies suggested
that the DQ molecule may be responsible for HLA asso-

ciations with IDDM, for example, the DR4 haplotype
DRB1 *0401-DQA1 *03-DQB1 *0302 is strongly predis-
posing to disease, while DRB1 *0401-DQA1 *03-
DQB1 *0301 is not (Todd et al. 1987; Horn et al. 1988a;
Nepom and Erlich 1991). Recent studies, however, indi-
cate that DRB1 (Tait and Harrison 1991; Caillat-Zuc-
man et al. 1992; Cucca et al. 1993; Erlich et al. 1993b;
Luo et al. 1995) and DPB1 (Easteal et al. 1990; Erlich
1991; Tait and Harrison 1991; Erlich et al. 1996) may

influence the disease process as well.
The Human Biological Data Interchange (HBDI) is a

repository for cell lines derived from IDDM families.
The HBDI collection was established in part for the
purpose of mapping IDDM-associated, non-HLA genes

by linkage analysis. Most of the HBDI families are nu-

clear families with unaffected parents and at least two

affected siblings. Some of these HBDI samples were used
in mapping of the recently reported IDDM genes.

In this study, we report our results from HLA class
II typing of 180 multiplex IDDM families. PCR/SSOP
typing was performed at the DRB1, DQA1, DQB1, and
DPB1 loci. In addition to determining genotypes at each
locus, the family-based samples allowed unambiguous
determination of four-locus haplotypes in most cases,

as well as distinction of maternal from paternal trans-
missions of haplotypes. The results of our analysis of
these data not only confirm HLA associations with
IDDM susceptibility that have been reported from other
studies but also reveal previously unreported HLA ef-
fects.

Subjects, Material, and Methods

Subjects
Most of the family-based samples used in this study

(166 families) were provided as purified genomic DNA
from the HBDI. DNA samples derived from the re-

maining 14 families were provided by Dr. Donald Bow-

den (Bowman Gray School of Medicine, Wake Forest
University).

Families analyzed in this study were multiplex (more
than one affected child). Parents in all families were
unaffected, with the exception of one family that had
an affected father in whom the disease was not clearly
categorized as type I or type II diabetes. The presence
of a diseased parent in this family does not bias the
results of our analyses, as described by Thomson
(1995a). All the families were Caucasian, with the ex-
ception of one, which reported Native American ances-
try. The HLA haplotypes in this family, however, were
similar to those of Caucasian families and did not con-
tain alleles known to be specific to Native American
populations.
Age at diagnosis was known for 326 of the 360 af-

fected individuals analyzed. The distribution of age at
onset for these 326 patients was 71% diagnosed at - 14
years of age, 20% diagnosed at 15-25 years of age, and
9% diagnosed at -26 years of age. HLA typing was
performed on samples derived from both of the parents,
affected children, and unaffected children in all families.

HLA Typing
HLA class II typing for DRB1, DQB1, and DPB1 was

performed on all samples by using PCR/SSOP methods
that have been described elsewhere (Bugawan et al.
1990, 1991; Bugawan and Erlich 1991; Erlich et al.
1991a, 1993a; Scharf et al. 1991). In brief, genomic
DNA was amplified by PCR with primers specific for
the second exon of the relevant locus. The resultant PCR
product was then denatured and immobilized onto ny-
lon membrane. Membranes were subsequently hybrid-
ized with horseradish peroxidase (HRP)-labeled or, in
some cases, biotin-labeled, sequence-specific oligonucle-
otide probes. Following stringent washing, membranes
hybridized to biotin-labeled probes were incubated with
streptavidin-horseradish peroxidase. Bound probe was
detected by means of a colorimetric detection system
using the substrate tetramethylbenzidine. The pattern of
probes hybridizing to a given sample indicated the iden-
tity of the alleles represented in the PCR product. DQA1
HLA typing was performed by a method similar to that
described above. However, for DQA1, biotinylated PCR
primers were used to generate biotinylated PCR prod-
ucts that were subsequently hybridized to a set of unla-
beled oligonucleotide probes immobilized on a mem-
brane. This method is referred to as "reverse dot-blot"
(Saiki et al. 1989). In most families, DQA1 typing was
performed only on samples from parents, and DQA1
genotypes of children were inferred. Haplotype assign-
ments for DQA1 alleles were made using known pat-
terns of linkage disequilibrium; any ambiguities in hap-
lotype assignments were resolved by typing DNA from
at least one child in the family.
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Currently, the total number of HLA class II molecules
encoded by reported allele sequences includes 123 at the
DRB1 locus, 12 at the DQA1 locus, 22 at the DQB1
locus, and 60 at the DPB1 locus (Bodmer et al. 1995).
Our PCR/SSOP typing system allows us to distinguish
nearly all of these allele sequences. A few allele distinc-
tions that cannot be made with our typing systems are
noted here. The DRB1 allele 1603 (Rosenlicht et al.
1993) is indistinguishable from DRB1 * 1601. Such
DRB1 * 1601/3 ambiguities are reported here as
"DRB1 * 1601," although the relative frequencies of the
two alleles are unknown. DPB1*0501 is not distin-
guished from DPB1 *3801 in this analysis. Because
DPB1 *3801 is very rare, we have assigned all
DPB1*0501/3801 ambiguities as "DPB1*0501." The
alleles DQB1 *0201 and DQB1 *0202 differ at a residue
which lies outside exon 2; therefore, the region is not
present in the PCR product used for HLA typing analy-
sis. These alleles are referred to as "DQB1*02." Simi-
larly, with our current typing protocol, DQA1*0301 is
indistinguishable from DQA1*0302, and samples with
this type are termed "DQA1*03." Our DQA1 typing
system does not distinguish DQA1*0104; these alleles
are categorized as "DQA1 *0101." In addition,
DQA1*0502 and DQA1*0503 are not distinguished
from DQA1 *0501 in this system and are listed as
"DQA1 *0501."

Data Analysis
Data from family-based samples allowed unambigu-

ous assignment of alleles to three-locus haplotypes
(DRB1-DQA1-DQB1) in all families and to four-locus
haplotypes (DRB1-DQA1-DQB1-DPB1) in 177 of the
180 families. Allele and haplotype frequencies were de-
termined by the method of gene counting. Identity-by-
descent (ibd) values of parental haplotypes in the af-
fected sib pairs could be determined unambiguously in
all except the 11 families in which one parent had indis-
tinguishable haplotypes (i.e., was homozygous at all four
loci tested). Siblings with identical haplotypes inherited
from a homozygous parent were considered ibd.
Most families in the study (165) had only two children

with IDDM. Of the 15 families with more than two
affected children, 14 had three. In seven of these fami-
lies, all three affected children were HLA-identical. In
the other seven families with three affected children, as
well as in the single family with five affected children,
two of the affected children were chosen at random for
all our analyses. The AFBAC (affected family-based
controls) population of HLA haplotypes never transmit-
ted to the affected sib pair was determined (Thomson
1995b). This control population provides an unbiased
estimate of the overall population (control) HLA allele
and haplotype frequencies, under the reasonable as-
sumption of zero recombination between the marker

(HLA) and disease, and random mating assumptions,
i.e., no population stratification, admixture, or migra-
tion effects (Thomson 1995b).

Parental transmitted versus never-transmitted alleles
and haplotypes were tested for differences using a X2
contingency table test for heterogeneity (Thomson
1995b). In cases where previous knowledge of associa-
tion with IDDM exists, frequencies of transmitted alleles
and haplotypes, reflecting the average of the two affected
offspring, were compared to the AFBAC control fre-
quencies. The Bonferoni correction for multiple compar-
isons was deemed overly conservative for these data and
was not applied in any of our tests.

Tests for differences in predispositional and protective
effects of HLA alleles, haplotypes, and genotypes were
performed using the odds ratio method for haplotypes
and genotypes (Woolf 1955) and the relative predisposi-
tional effects (RPE) method (Payami et al. 1989). For
the RPE method, the %2 contingency table test for hetero-
geneity is performed at each round of analysis, rather
than recalculation of expected values as in the original
method. This prevents bias toward positive associations
(G.T., unpublished results). Stratification analysis was
used to detect the additional influence of HLA DR-DQ
alleles or haplotypes in the presence or absence of partic-
ular HLA DPB1 alleles and vice versa (Klitz et al. 1994).
The affected-sib-pair data were tested for evidence of
linkage by deviation from random expectations of 1/4,
1/2, and 1/4 for the sharing of 2, 1, and 0 parental
haplotypes ibd, respectively, by using the mean ibd value
test (Blackwelder and Elston 1985, 1986).

Results

DRB 1-DQA 1-DQB 1 Haplotype Associations with
IDDM
Table 1 lists three-locus (DRB1-DQA1-DQB1) pa-

tient and AFBAC haplotypes from PCR/SSOP typing
of 180 multiplex IDDM families. Control frequencies
calculated from the CEPH family samples (Begovich et
al. 1992) are also listed for comparison. The sample
sizes for the AFBAC and the CEPH family haplotypes
are nearly identical, and, for most haplotypes, AFBAC
frequencies and CEPH family frequencies are quite
similar. Notable differences include the haplotype
DRB1*0404-DQA1*03-DQB1*0302, which is present
at lower frequency in the AFBAC population than in
CEPH (P < .005), and the haplotype DRB1*1104-
DQA1*0501-DQB1*0301, which is more frequent in
the AFBAC population than in CEPH (P < .025).
As expected, the data show a strong predisposing

effect for DRB1*0301-DQA1*0501-DQB1*0201 and
DRB1 *0401-DQA1 *03-DQB1 *0302 haplotypes. In
this data set, a strong predisposing effect for
DRB1 *0404-DQA1 *03-DQB1 *0302 haplotypes was
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Table 1

Analysis of DR-DQ Haplotypes in Caucasian, Multiplex IDDM Families

HAPLOTYPE OBSERVED FREQUENCY

DRB1 DQA1 DQB1 Patient AFBAG CEPHa OR X2P-VALUEb

0101 0101 0501 .076 .061 *Q73c 1.27 .522..
0101 0101 0503 .001 0 ... ... .386..
0101 0102 0504 .003 .004 *...7 .034..
0102 0101 0501 .010 0 ...C ... 2.703..
0103 0101 0501 .010 .014 .008 .67 .291..
0301 0501 0201 .319 .094 .088 4.55 36.227 .001
0401 0301 0301 .017 .043 .053 .38 3.904 .050
0401 0301 0302 .253 0.04 .042 8.21 44.603 .001
0401 0301 0305 0 .004 ... 0 1.295..
0402 0301 0302 .022 .018 .004 1.24 .138..
0403 0301 0302 0 .004 .015 0 1.295..
0404 0301 0302 .107 .018 .076 6.54 18.207 .001
0404 0301 0303 0 .004 ... 0 1.295..
0405 0301 0201 .007 0 ... ... 1.931..
0405 0301 0302 .018 .004 .004 5.09 2.790 .100
0405 0301 0401 0 .004 ... 0 1.295
0407 0301 0301 .001 .025 .008 .05 7.553 .010
0408 0301 0301 0 .007 ... 0 2.590..
0408 0301 0304 .006 0 ..... 1.544..
0411 0301 0302 0 .004 ..0 1.295
0413 0301 0302 .003 0 ... ... .772..
0701 0201 0201 .018 .108 .08 .15 22.140 .001
0701 0201 0303 0 .036 .053 0 12.950 .001
0801 0401 0402 .028 .014 .031 1.96 1.282
0807 0401 0402 .001 0 ... ... .386
0901 0301 0201 .003 0 ..772..77
0901 0301 0303 .006 .014 ...38 1.301..
1001 0101 0501 .004 0 .001 ..1.158..
1101 0102 0602 0 .007 ... 0 2.590..
1101 0501 0301 .011 0.05 .073 .21 8.565 .005
1101 0501 0302 .003 0 ..... .772..
1103 0501 0301 0 .014 .015 0 5.180 .050
1104 0501 0301 .001 0.04 .008 .03 12.686 .001
1104 0103 0603 0 .004 ... 0 1.295..
1201 0501 0301 .004 .014 .011 .29 1.901..
1301 0103 0501 0 .004 ... 0 1.295
1301 0103 0603 .008 .065 .038 .12 15.168 .001
1302 0102 0604 .029 .043 .034 .67 .872..
1302 0102 0606 0 .011 ... 0 3.885 .05
1303 0501 0301 .003 .014 .019 .19 2.698
1401 0101 0503 0 0.04 .042 0 14.245 .001
1401 0101 0602 0 .004 ... 0 1.295..
1404 0101 0503 .001 0 .004 .386..
1501 0102 0502 .001 .004 .004 .39 .325..
1501 0102 0602 .003 .155 .156 .02 52.481 .001
1501 0102 0603 0 .004 ... 0 1.295..
1501 0401 0402 .003 0 ... ... .772..
1502 0103 0601 0 .004 .008 0 1.295..
1601 0102 0502 .019 .007 .011 2.74 1.669..

n 360 278 262

a CEPH frequencies from table 3 of Begovich et al. (1992).
b X2 and P-values were calculated on the basis of patient and AFBAC frequencies.
cFrequency of 0101/02-0101-0501.
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Table 2

Analysis of DR2 Haplotypes in IDDM Families

A. DR2 Allele Frequencies

Patients AFBAC CEPH

.03 .17 .18

B. Distribution of DR2' Haplotypes in IDDM Patients

PROPORTION OF DR2' HAPLOTYPES
(%)

Patient AFBAC CEPH
DRB1 DQB1 (n = 19) (n = 48) (n = 47)

1601 0502 74 4 6
1501 0602 11 90 87
1501 0502 5 2 2
1501 0603 0 2 0
1501 0402 11 0 0
1502 0601 0 2 4

also observed, although other studies have shown this
haplotype to be mildly predisposing, neutral, or even

somewhat protective (Sheehy et al. 1989; Erlich et al.
1993b; Cucca et al. 1995; Harfouch et al. 1995; Reijo-
nen et al. 1995). The fact that our data set contains
fewer control DRB1 *0404-DQA1 *03-DQB1 *0302
haplotypes than observed in CEPH families might reflect
sampling variation and partially explain this observa-
tion. Other DR4-DQB1*0302 high-risk haplotypes, in-
cluding DRB1*0405-DQB1*0302 and DRB1*0402-
DQB1*0302 (Caillat-Zucman et al. 1992; Erlich et al.
1993b; Cucca et al. 1995), were too rare in this study
for statistical evaluation. By using the RPE method, after
the strongly predisposing DR3 and DR4 haplotypes
given above are removed from the analysis, the predis-
posing effects of haplotypes DR8 (P < .001) and DR1
(P < .001) become evident.

Several haplotypes appear to have a protective effect.
The well-known protective effect of DR2 appears to
be limited to the common Caucasian haplotype
DRB1 * 1501-DQA1 *0102-DQB1 *0602, which is seen in
only 2 of the 19 DR2+ patients analyzed here (table 2).
Three patients have DRB1*1501 on a haplotype with a

DQB1 allele other than DQB1*0602. Most (74%) DR2+
patients, however, have the haplotype DRB1*1601-
DQA1*0102-DQB1*0502, which is rare among DR2+
controls and may be slightly predisposing, although the
numbers are too small for significance testing. Other pro-

tective haplotypes in these data include DR7, in combina-
tion with either DQB*0201 or DQB1*0303, and DR1l
with DQA1*0501-DQB1*0301. DR1l haplotypes
containing other DQB1 alleles are too rare to evaluate
(table 1).

Genotype Effects
Table 3 lists genotypes present in affected children, with

patient numbers and frequencies based on the average of
the two affected children per family. Those genotypes ob-
served in <3 patients (average < 1.5) are not included. Most
patient genotypes listed in table 3 are increased in the patient
population over the estimated numbers based on Hardy-
Weinberg equilibrium calculations using AFBAC fre-
quencies. Some DR3/DR4 and DR1/DR4 genotypes
(DRB1 *0301-DQA1 *0501-DQB1 *0201/DRB1 *0401-
DQA1*03-DQB1*0302, DRB1*0301-DQA1*0501-
DQB1*0201/DRB1*0404-DQA1*03-DQB1*0302, and
DRB1 *0101-DQA1 *0101-DQB1 *0501/DRB1 *0401-
DQA1*03-DQB1*0301) appear to exhibit synergy with
respect to disease susceptibility, i.e., those genotypes are seen
significantly more often than expected based on recessive
expectations calculated from patient haplotype frequencies
(Louis and Thomson 1986).
When genotypes are stratified by parent of origin, the

only genotype with a significant increase (P < .005) in
observed patient frequency over expected patient fre-
quency (based on patient haplotype frequencies) is for
the genotype DRB1*0301-DQA1*0501-DQB1*0201/
DRB1*0401-DQA1*03-DQB1*0302, where the DR3
haplotype in inherited from the mother and the DR4
haplotype is inherited from the father (data not shown).
DR4/DR4 and DR3/DR3 genotypes are present in pa-
tients in excess over the expected population genotype
frequencies; however, these two genotypes appear less
frequently than expected for patients under a recessive
model because of the large excess of DR3/DR4 heterozy-
gotes. DR1/DR4 genotypes differ from DR3/DR4 geno-
types with respect to DQB1 alleles and DRB1 subtypes
(see Haplotype Sharing in Affected Sibs).

Haplotype Sharing in Affected Sibs
HLA haplotype sharing in 180 IDDM-affected sib

pairs is illustrated in table 4A, which shows the percent-
ages of sib pairs sharing two, one, and zero haplotypes
and the deviation from random expectations of 25%,
50%, and 25%, respectively (P < .00001). Under the
assumption that HLA effects (as opposed to non-HLA
or environmental effects) would be expected to be more
pronounced in HLA-identical, affected siblings than in
unrelated patients, we examined the distribution of ge-
notypes of the HLA-identical sib pairs in this data set
(table 4B). In the 180 families we typed, we found 109
pairs of siblings ibd at the DRB1, DQA1, and DQB1
loci. As expected, DR3/DR4 genotypes were found at
highest frequency (45%), followed by DR4/DR4. DR3/
DR3, DR1/DR4, DR1/DR3, and DR4/DR8 genotypes
were also seen at frequencies higher than those expected
in controls.
The weakest HLA effect on IDDM susceptibility

might be expected in the affected sib pairs with no HLA
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Table 3

Patient Genotypes

GENOTYPE NUMBER

DRBl-DQA1-DQB1 DRBl-DQA1-DQB1 Observed Expecteda %2 P ORb PC

0301-0501-0201 0401-0301-0302 44.0 29.13 7.591 .01 41.88 <.001
0301-0501-0201 0404-0301-0302 21.5 12.36 6.759 .01 37.43 .001
0301-0501-0201 0301-0501-0201 10.0 18.33 3.786 .1 6.69 .025
0101-0101-0501 0401-0301-0302 9.0 6.95 .605 ... 10.59 .01
0101-0101-0501 0301-0501-0201 8.0 8.79 .071 ... 4.04 .1
0401-0301-0302 0801-0401-0402 5.5 2.53 3.487 .1 28.34 .05
0401-0301-0302 0401-0301-0302 5.5 11.48 3.115 .1 25.76 .05
0401-0301-0302 0404-0301-0302 4.5 9.68 2.772 .1 32.94 .05
0101-0101-0501 0401-0301-0301 3.5 .46 20.090 .001 3.82 ...

0301-0501-0201 1601-0102-0502 3.5 2.24 .709 ... 14.85 .1
0301-0501-0201 0402-0301-0302 3.5 2.57 .337 ... 5.93 ...

0301-0501-0201 1302-0102-0604 3.5 3.26 .018 ... 2.34 ...

0101-0101-0501 1302-0102-0604 2.5 .81 3.526 .1 2.57
0401-0301-0302 1601-0102-0502 2.5 1.77 .301 ... 25.34 ...

0301-0501-0201 0901-0301-0303 2.0 .61 3.167 ... 4.03 ...

0401-0301-0302 1301-0103-0603 2.0 .74 2.145 ... 1.81 ...

0401-0301-0302 1101-0501-0301 2.0 1.01 .970 ... 2.49
0404-0301-0302 0404-0301-0302 2.0 2.03 0 ... ... ...

0301-0501-0201 0405-0301-0302 2.0 2.06 .002 ... 15.55 ...

0101-0101-0501 0701-0201-0201 1.5 .5 2 ... .62 ...

0404-0301-0302 0801-0401-0402 1.5 1.07 .173 ... 16.8
0401-0301-0302 0701-0201-0201 1.5 1.65 .014 ... 1.07

a Expected numbers of patient genotypes were calculated on the basis of patient haplotype frequencies and recessive expectations under
Hardy-Weinberg equilibrium. Comparison of expected patient genotypes to observed patient genotypes was used to generate the X2 and P-
values listed.

b OR for patient genotypes compares patient genotype frequencies to expected control genotype frequencies (on the basis of AFBAC haplotype
frequencies, using Hardy-Weinberg expectations).

c The significance level associated to the x2 derived from comparing the expected number of control genotypes, on the assumption of a sample
size of 180, and the observed number of patient genotypes.

class II haplotypes in common. However, examination
of the 11 "share-0" affected sib pairs in this data set
revealed that 9 (41%) of the 22 individuals had a DR3/
DR4 genotype. This illustrates the strength of the HLA
effect, especially the DR3/DR4 synergistic effect, on ge-
netic susceptibility to IDDM even in the zero haplotype-
sharing class. Statistical comparison of the "share-2"
group with the combined "share-i" and "share-0"
groups revealed no heterogeneity with respect to geno-
type distribution.

DR4-Associated Susceptibility
The DRB1*0302 allele on DR4 haplotypes is a well-

known marker for IDDM susceptibility (Nepom and
Erlich 1991); however, the risk conferred by this allele
appears to be influenced not only by the DRB1 *04 allele
on the haplotype (Cucca et al. 1995) but also by the
DR genotype. The importance of genotypic context in
assigning risk to an allele is shown in table 5. Consistent
with other reports (Horn et al. 1988a; Tait et al. 1988;
Owerbach et al. 1989; Erlich et al. 1990), our data sug-

gest that the predisposing effect of DQB1*0302 is less
strong in DR1/DR4 heterozygotes than in DR3/DR4
heterozygotes. Table SA shows a comparison of DQB1
alleles on DR4 haplotypes in DR3/DR4 and DR1/DR4
genotypes. In DR3/DR4 genotypes, DR4 haplotypes car-
rying the DQB1 *0302 allele (Ala 57) were significantly
overrepresented (97%), while DQB1*0301 (Asp 57)
was rarely seen (1.4%). In addition, the 15 patients
with DR4/DR8 genotypes in this study all carried
DQB1*0302 on their DR4 haplotype, and most DR4/
DR4 patients were homozygous for DQB1*0302 (data
not shown), consistent with a predisposing effect for
DQB1*0302 (Ala 57). However, this strong bias for
DQB1*0302 is not apparent in DR1/DR4 heterozygous
patients, where DRB1*0302 and DRB1*0301 on the
DR4 haplotypes are seen in proportions resembling
those of Caucasian control populations. This suggests
that the contribution of the DQ molecule to overall dis-
ease susceptibility is genotype dependent.

Table SB compares DRB1*04 alleles in DR3/DR4
versus DR1/DR4 genotypes. When the DR4 haplo-
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Table 4

Affected Sib Pairs

A. Haplotype Sharing

SHARE
(%)

2 1 0

Expected 25.0 50.0 25.0
Observed 60.6 33.3 6.1

B. Distribution of Genotype Frequencies in Sib Pairs

SHARE

Genotype 2 1 0 AFBAC CEPH

DR3/DR4 .450 .333 .409 .033 .037
DR4/DR4 .110 .100 .000 .030 .044
DR1/DR4 .083 .158 .091 .027 .034
DR3/DR3 .073 .033 .000 .009 .008
DR1/DR3 .046 .058 .045 .015 .014
DR8/DR4 .046 .042 .000 .005 .015
Other .193 .275 .455 .262 .245

n 109 60 11

types are categorized according to DRB1 subtype, we

see that in DR3/DR4 genotypes, as in controls,
DRB1*0401 is the most frequent subtype (63%), fol-
lowed by DRB1 *0404 (29%). In DR1/DR4 genotypes,
DRB1*0401 frequency is slightly higher (74%) than
in DR3/DR4 genotypes, while the proportion of
DRB1*0404 is reduced markedly (5%). Comparison
of DRB1*0401 to DRB1 *0404 in these two genotypes
reveals significant heterogeneity (P < .005). The highly
predisposing DRB1*0405, which is rare in Cauca-
sians, is infrequent in DR3/DR4 patients but is signifi-
cantly increased in the DR1/DR4 patients (P < .025).
This suggests that the subtype of the DR4 molecule
may exert a bigger influence on disease susceptibility
in a DR1/DR4 heterozygote than it does in a DR3/
DR4 heterozygote.

DPB1 Analysis
All samples were typed for DPB1, and DPB1 alleles

were assigned to haplotypes in 177 of the 180 families
tested. Five samples in which a recombination event oc-

curred between the DQB1 and DPB1 loci were identified.
The entire data set contained a total of 1,051 informative
meiotic events, indicating a DQ-DP recombination rate
of .0048, similar to that (.008 ± .004) found in an analy-
sis of the CEPH families (Begovich et al. 1992).

Analysis of the transmitted versus never-transmitted
DPB1 alleles (table 6) indicates an association between
DPB1*0301 and IDDM (P < .001). This effect has been

observed previously in a study of Mexican-American
IDDM families (Erlich et al. 1996). Even though the
DPB1 *0301 allele is present most often on patient DR4
and DR3 haplotypes, the fact that DPB1 * 0301 appears
on several different transmitted haplotypes argues
against disease association based wholly on a simple
linkage-disequilibrium effect (table 7). In addition,
examination of the AFBAC haplotypes containing
DPB1 * 0301 does not indicate strong linkage disequilib-
rium with any single DRB1-containing haplotype.

Stratification analysis of all DPB1 alleles found on
haplotypes containing DRB1 *0301, DRB1 *0401, or
DRB1*0404 suggests that transmission of DR4 alleles
carrying DPB1*0301 is more frequent than expected
(data not shown). A similar increase of DPB1*0301 is
not seen on DRB1 * 0301 haplotypes, suggesting that the
putative predisposing effect of DPB1*0301 may be de-
pendent on its DR context.
DPB1*0202, seen infrequently in Caucasian popula-

tions, shows an association with IDDM in these data,
consistent with a recent report (Balducci-Silano et al.
1995) of an analysis of 42 Venezuelan IDDM families.
In both the Venezuelan and Caucasian data, most of the
DPB1*0202 alleles are found on haplotypes that also
carry DRB1*0301 (12 of 14, in this study; data not
shown); therefore, the observed effect may simply reflect
linkage disequilibrium. DPB1*0202 has been reported

Table 5

Comparison of DR1/DR4 and DR3/DR4 Genotypes

Allele DR1/DR4 DR3/DR4 P-value AFBAC DR4 CEPH DR4

A. Distribution of DQB1 Alleles on DR4 Haplotypes
(%)

0302 71.79 96.60 ... 50.00 70.91
0301 17.95 1.36 .001 43.75 29.09
0304 5.13 1.36 ... 0 ...

0201 5.13 0.68 .1 0 ...

0305 ... ... ... 2.08
0303 ... ... ... 2.08 ...

0401 ... ... ... 2.08 ...

n 39 147 0.001 48 55

B. Distribution of DRB1 Subtypes on DR4 Haplotypes
(%)

0401 74.36 61.22 ... 50.00 45.45
0402 2.56 4.76 ... 10.42 1.82
0403 ... ... ... 2.08 7.27
0404 5.13 29.25 .01 12.50 36.36
0405 12.82 3.40 .025 4.17 1.82
0407 ... ... ... 14.58 7.27
0408 5.13 1.36 ... 4.17 ...

0411 ... ... ... 2.08 ...

n 39 147 0.005 48 55
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Table 6

DPB1 Frequencies in Caucasian, Multiplex Families

FREQUENCY

DPB1 Patient AFBAC OR %2 P-VALUE

0101 .088 .047 1.94 3.70 .1
0201 .126 .170 .70 1.96
0202 .019 .000 ... 5.35 .025
0301 .182 .080 2.57 11.97 .001
0401 .381 .438 .79 1.18 ...

0402 .046 .098 .44 6.00 .025
0501 .015 .033 .46 2.00 ...

0601 .036 .007 5.13 5.52 .025
0901 .007 .007 .96 0
1001 .018 .014 1.25 .13 ...

1040 .000 .004 0 1.28 ...

1101 .006 .025 .21 4.24 .05
1160 .000 .004 0 1.28 ...

1301 .008 .018 .46 1.15 ...

1401 .008 .011 .76 .10 ...

1501 .018 .007 2.52 1.37 ...

1601 .008 0 ... 2.29 ...

1701 .006 .025 .21 4.24 .05
1901 .013 0 ... 3.44 .1
2001 .008 .004 2.31 .56 ...

2301 .003 .007 0.38 .64 ...

2601 .001 0 ... .38 ...

5901 .003 0 ... .76 ...

n 360 276

to be in strong linkage disequilibrium with the extended
haplotype B18, DR3 (Begovich et al. 1992).
DPB1 *0601 also shows a positive association with

disease (table 5). DPB1*0601 differs from DPB1*0301
at only two amino acid residues (positions 69 and 76).
The appearance of DPB1*0601 on several haplotypes
in patients, combined with its similarity to DPB1 *0301,
suggests that this allele may warrant further analysis as

a risk factor.
Weak association with IDDM was seen for

DPB1 *0101, which is known to be in linkage disequilib-
rium with B8, DR3 haplotypes (Begovich et al. 1992).
In our data, DPB1*0101 is found almost exclusively
on DR3 haplotypes in patients, whereas, in controls,
DPB1*0101 was found with approximately equal fre-
quency on DR3 and on DR2 (DRB1*1501) haplotypes
(fig. 1A). The strong linkage disequilibrium of
DPB1 *010 1 with DR3 suggests that this allele may not
be an independent risk factor. Our analysis of DR3-
DPB*0101 haplotypes did, however, lead to an interest-
ing observation. DRB1*0301-DPB1*0101 haplotypes
were found to be transmitted to affected children ap-

proximately twice as often from mothers as from fa-
thers, while DR3 haplotypes carrying DPB1 alleles other
than 0101 show no transmission bias (P < .02) (fig.
1B). The effect of DPB1 *0101 on maternal transmission

of DR3 haplotypes may be partially responsible for con-
flicting reports of increased maternal transmission of
DR3 haplotypes in IDDM patients (see Discussion).
The DPB1 * 0402 allele shows significant negative as-

sociation with disease, in these data (table 5). This effect
was previously observed in analysis of Mexican-
American diabetic families (Erlich et al. 1993b). Strati-
fication analysis of DPB1 molecules on DRB1*0301,
DRB1*0401, or DRB1*0404 haplotypes shows that
DRB1*0301-DPB1*0402 is significantly less predispos-
ing than other DRB1 *0301 haplotypes (P < .005) (data
not shown), suggesting that DPB1*0402 may mitigate
the predisposing effect of DRB1*0301 to some extent.

Discussion

HLA typing analysis of family material has several
advantages over typing of individual samples. The typ-
ing data produced are generally more accurate, individ-
ual alleles can be assigned unambiguously to haplotypes,
and analysis of parental transmission patterns is possi-
ble. The large number of families in this study has al-
lowed a detailed analysis of the genetic factors in the
HLA region that may contribute to IDDM susceptibility
in Caucasians.
The multiplex nature of the families in this analysis

allows us to use analytical methods developed for the
study of affected sib pairs. One such method (Risch
1987) looked at affected sib pairs sharing zero parental
HLA haplotypes to estimate that HLA represents 44%
of the genetic risk for IDDM. Application of this method
to our data results in an estimate of the HLA component
of IDDM susceptibility of -53%. These figures illus-

Table 7

Distribution of DRB1 Haplotypes Carrying the DPB1*0301 Allele

Patient AFBAC
DRB1-DPB1 (n = 20) (n = 13) OR P-value

0101-0301 5.5 1 4.30 ...

0103-0301 1 0 ...

0301-0301 14 3 3.71 .05
0401-0301 13.5 1 10.80 .01
0402-0301 .5 0 ... ...

0403-0301 0 1 0 ...

0404-0301 9.5 0 ... .025
0405-0301 3.5 1 2.72 ...

0407-0301 .5 1 .39
0701-0301 .5 1 .39 ...

0801-0301 5.5 3 1.42 ...

1101-0301 1.5 0 ... ...

1301-0301 .5 1 .39 ...

1302-0301 5.5 4 1.06 ...

1401-0301 0 2 0 ...

1501-0301 0 1 0 ...

1 141
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trate the magnitude of the HLA contribution to disease
susceptibility and emphasize the importance of de-
termining HLA context in studies of other genetic IDDM
risk factors.

IDDM Risk Assessment
Our data confirm results from many previous studies

that indicate the prominent role of DR3 and DR4 haplo-
types in disease susceptibility and the pronounced effect
of DR3/DR4 heterozygosity. The data also indicate, as
previously reported, that DR3/DR3 and DR4/DR4 ge-
notypes confer significant risk. DR1/DR4, DR1/DR3,
and DR4/DR8 genotypes are also overrepresented. DR8,
which is relatively rare in Caucasians, is increased only
in DR4/DR8 genotypes. In assessing HLA-based IDDM
risk, these three genotypes are frequently included in "3/
X or "4/X" categories (X * DR3, DR4, or DR2). Our
data suggest that the risk associated with these geno-
types may be significant enough to warrant their analysis
separately from these categories.
The protective effect ofDR2 is well established; conse-

quently, IDDM patients whose genotypes include a DR2
allele are rarely observed. Because of the large size of
our data set, we were able to type 21 DR2' patients
from 15 of the 180 families in the analysis. Nineteen of
these patients were used in the statistical analyses; two
were excluded by random selection of two affected chil-
dren from families containing three or more affected
children. Only two DR2' patients had the haplotype
DRB1*1501-DQB1*0602, which is present in -90%
of control DR2 haplotypes (see Results). Instead, most
of the DR2' patients contained the relatively rare
DRB1 * 1601-DQB1 *0502 haplotype. This observation
indicates that IDDM risk assessment will benefit from
a level of typing specificity greater than that available
with serological typing. Because the frequency of the
DRB1*1601-DQB1*0502 haplotype is low in some
Caucasian populations, only a small number of individ-
uals serologically typed as DR2+ would be mistakenly
categorized as protected. However, serology-based cate-
gorization of all DR2+ individuals as protected could
have a more serious effect in population studies or
screening programs of groups with higher frequencies
of nonprotective DR2 haplotypes.

Molecular Basis of IDDM Susceptibility
The DQ molecule is well known to contribute to HLA

association with IDDM; the identity of the amino acid
residue at position 57 (aspartic acid vs. alanine, valine,
or serine) of the DQfP chain is thought to play a key role
in determining disease protection or susceptibility (Todd
et al. 1987; Horn et al. 1988a). In this data set, as in
many others, the DQB1*0302 allele (Ala 57) on DR4
haplotypes is strongly predisposing to disease, while the
DQB1*0602 allele (Asp 57) on DRB1*1501 haplotypes

is strongly protective. However, DQP position 57 alone
is insufficient to fully explain the effect of HLA on dis-
ease.
The extent of protection from disease afforded by the

DQB1 Asp 57 residue appears to vary not only with the
DQf3 chain on which it is found, but also on the HLA
context. For example, although the DQB1 '0602 allele
(Asp 57) on DRB1*1501 haplotypes is strongly protec-
tive, DQB1*0402 (Asp 57) on DRB1*1501 haplotypes
is not protective (Erlich et al. 1991b). DQB1*0301 en-
codes an aspartic acid residue at position 57, and haplo-
types containing this allele are decreased in patients. The
apparent protective effect of DQB1*0301, however, is
not as pronounced as that of DQB1 *0602. In addition,
DQB1*0301 appears more protective on DR11 haplo-
types than it does on DR4 haplotypes (see table 1), sug-
gesting that, at least in some cases, protection from dis-
ease may involve not only the DQP polypeptide chain
but also the DR molecule or the DQa chain.

Several studies have suggested that predisposing DQ
molecules may be encoded either in cis or in trans
(Nepom et al. 1987; Ronningen et al. 1991; Hu et al.
1993). Trans-encoded DQ molecules have been pro-
posed as a basis for the strong disease susceptibility ob-
served in DR3/DR4 heterozygotes. DR4 haplotypes in-
clude genes encoding the alleles DQA1 *03 and
DQB1*0302 (other DQB1 alleles are found on DR4
haplotypes but are rarely seen in Caucasian DR3/DR4
patients). In Caucasians, DR3 haplotypes include the
alleles DQA1*0501 and DQB1*0201. Consequently, a
DR3/DR4 genotype could produce DQ heterodimers
consisting of the gene products of DQA1 *03 and
DQB1*0201 or of DQA1*0501 and DQB1*0302. The
DQ heterodimer formed by the products of the
DQA1*03 and DQB1*0201 alleles is encoded in cis in
certain haplotypes, e.g., coupled to DRB1 *0405,
DRB1*0701, or DRB1*0901 (in African populations),
that appear to be IDDM-associated (Todd et al. 1989).
The same molecule is encoded in trans by the DR3/DR9
genotype, associated with IDDM in Chinese (Hu et al.
1993; Huang et al. 1995), and the DR3/DR9 genotype
is slightly increased in this data set.

Although the trans-encoded DQ heterodimers represent
an attractive explanation for genotype-specific predisposi-
tion to IDDM, the story is certainly more complex than
this simple model. Neither of the DQ heterodimers de-
scribed above appears to be sufficient to confer susceptibil-
ity. For example, DR4/DR7 heterozygotes should generate
a DQA1 *03-DQB1 *0201 trans-encoded heterodimer;
however, DR4/DR7 genotypes are not associated with
IDDM risk. Similarly, a DR4/DR11 heterozygote (on
which the DR4 haplotype includes a DQB1*0302 allele)
should produce the trans-encoded DQ molecule encoded
by DQA1*0501 and DQB1*0302, but DR4/DR11 geno-
types are not increased in patient populations. Therefore,
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the likelihood exists that the presence of both trans-en-
coded DQ heterodimers, perhaps in combination with the
cis-encoded DQ molecules and in the absence of protective
DR or DQ molecules is required to produce the full magni-
tude of DR3IDR4-associated susceptibility.
Another example in which trans-encoded DQ mole-

cules might help to explain increased susceptibility is in
the DR4/DR8 genotype. A DR4/DR8 heterozygote
could produce a DQ molecule derived from DQA1*03
and DQB1*0402 alleles (Ronningen et al. 1991). This
molecule would be nearly identical to the DQ molecule
encoded on the haplotype DRB1 *0405-DQA1 *03-
DQB1 *0401, a haplotype associated with IDDM
risk in the Japanese population (Ronningen et al. 1991;
Awata et al. 1992a, 1992b). DQB1*0401 and
DQB1 *0402 differ at only one residue. We suggest
also that the alternate trans-encoded heterodimer in a
DR4/DR8 heterozygote, namely, that encoded by
DQA1*0401 and DQB1*0302, may be involved.
DQA1*0401 (found on DR8) is very similar to the
DQA1 *0501 allele seen on DR3; consequently, the
trans-encoded heterodimer derived from DQA1*0401
on DR8 and DQB1*0302 on DR4 may function in a
similar manner to the DQA1*0501, DQB1*0302-en-
coded heterodimer that could be formed from a DR3/
DR4 heterozygous genotype. The fact that 15 of 15
DR4/DR8 heterozygous patients in this study carry
DQB1*'0302 on their DR4 haplotype is consistent with
this model. Thus, either of these potentially high-risk,
trans-encoded DQ molecules may explain, at least in
part, why DR4/DR8 heterozygotes are increased in pa-
tients but DR3/DR8 heterozygotes are not.
While the identity of the DQ molecule has proved to

be a very significant risk factor for IDDM susceptibility,
a growing body of evidence suggests that DQ is not the
only molecule involved in conferring risk (Horn et al.
1988b; Sheehy et al. 1989; Caillat-Zucman et al. 1992;
Erlich et al. 1993b). On DR4 haplotypes, the subtype
of the DRB1 molecule has been shown to have a dra-
matic effect on disease susceptibility when the DQ mole-
cule is constant (DQA1*03-DQB1*0302) (Erlich 1991;
Erlich et al. 1993b; Cucca et al. 1995; Harfouch et al.
1995). In a case-control study of Sardinian patients,
DRB1*0405-DQA1*03-DQB1*0302 was shown to be
highly predisposing, while DRB1 *0403-DQA1 *03-
DQB1 *0302 showed significant protection (Cucca
et al. 1995). DRB1*0401-DQA1*03-DQB1*0302 and
DRB1 *0404-DQA1 *03-DQB1 *0302 were present in
the Sardinian study in numbers too small to be signifi-
cant. Another study suggested that DRB1 *0404-
DQA1 *03-DQB1 *0302 exhibits a protective effect
(Reijonen et al. 1995). In our study, DRB1*0401-
DQA1*03-DQB1*0302 and DRB1*0404-DQA1*03-
DQB1 *0302 were both shown to be significantly predis-
posing, although DRB1 *0401 appears to confer a

greater risk than does DRB1*0404 in DR3/DR4 and,
particularly, in DR1/DR4 patients. These two haplo-
types are among the most-common DR4 haplotypes
found in Caucasian populations. Taken together, data
from these studies not only indicate that the DRB1 mole-
cule can play a role in IDDM susceptibility but also
stress the importance of considering population preva-
lence in estimating risk for specific HLA alleles and hap-
lotypes.

In general, the risk or protection conferred by an individ-
ual HLA molecule can be mitigated or augmented de-
pending on the HLA context in which it is found. For
example, the Sardinian data described above (Cucca et al.
1995) show that the predisposing effect of DQB1*0302 is
not evident when that allele is found on a haplotype includ-
ing DRB1 *0403. Data presented here suggest that the pre-
disposing effect of DQB1 *0302 is also lessened or absent
in the DR1IDR4 genotype where the DRB1 effect seems to
predominate. The data presented here illustrate the impor-
tance of considering not only the haplotype but also the
identity of the HLA alleles on the other chromosome in
estimating of individual IDDM risk.
The DQB1 *0301 allele represents an illustrative example.

DR11 haplotypes in this data set, DR12 haplotypes in a
Chinese population (Huang et al. 1995), and DRB1*1402
haplotypes in a Mexican-American population (Erlich et al.
1993b), all of which carry the DQA1*0501 allele and the
DQB1*0301 allele, appear to confer significant protection.
In addition, in our Caucasian data, examination of the
DQB1 *0301 allele on DRB1 *0401 haplotypes, which carry
the DQA1 *03 allele, reveals a decrease in patient popula-
tions. Finally, when DR3/DR4 heterozygotes, which com-
prise nearly half of our patient population, are examined,
nearly all DQB1 alleles on DR4 haplotypes are
DQB1*0302; DQB1*0301 is almost never seen (see Re-
sults). Taken together, these data point to a protective role
for DQB1*0301.

Other lines of evidence, however, exist that suggest that
DQB1*0301, by itself, does not confer protection. Exami-
nation of DQB1 alleles in DR1/DR4 heterozygous patients
shows both DQB1*0302 and DQB1*0301 represented in
proportions approximating those seen in control popula-
tions. The strong bias toward DQB1 *0302 and away from
DQB1*0301, observed in DR3/DR4 heterozygotes, is not
present in DR1/DR4 patients. Also, the haplotype
DRB1*1602-DQA1*0501-DQB1*0301, found in His-
panic and Native American populations, does not confer
IDDM protection (Erlich et al. 1993b). In conclusion,
DQB1*0301 does not appear to confer protection by itself
but may be protective when combined with certain DR
molecules.
Contribution of the DP Molecule to Disease
Susceptibility
The availability of molecular typing systems for DP

alleles (Bugawan et al. 1988, 1990) has prompted the
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study of disease associations with DP. In some cases,
DP may be increased in patient populations simply due
to linkage disequilibrium of certain DP alleles with DR-
DQ haplotypes known to confer risk. In other cases,
such as for DPB1 *0301 presented here, the DP molecule
appears to contribute to IDDM risk. Association of
DPB1*0301 with IDDM has been observed previously
in a study of Mexican-American IDDM families (Erlich
et al. 1996). While the increased frequency of
DPB1*0301 in patients may be due in part to linkage
disequilibrium, its presence on several different patient
haplotypes suggests that DPB1*0301 may contribute to
the overall IDDM risk of these haplotypes. This conclu-
sion is supported by the excess of DPB1*0301 seen on
DR8 and DR1 haplotypes, although the number of pa-
tients with these haplotypes is too small to achieve statis-
tical significance. The appearance of this allele as a risk
factor in independent studies of two ethnically different
populations argues strongly in favor of DP involvement
in IDDM susceptibility.
The mechanism of DP involvement in disease suscepti-

bility is unclear. The cell-surface DP molecule may be
actively presenting peptides that influence disease sus-
ceptibility. On the other hand, DP could play a more
passive role. Peptides from the DP molecule itself, pre-
sented by the DR molecule, might influence the T-cell
repertoire in ontogeny or activate diabetogenic or regu-
latory T cells in the periphery. Presentation ofHLA class
11-derived peptides by other HLA class II molecules has
been demonstrated (de Koster et al. 1992; Schroeijers et
al. 1992). Clearly, many more data are required to ad-
dress this question.

Perhaps the most striking observation from the DPB1
data in this analysis is the apparent increase of maternal
transmission of DRB1 *0301-DPB1 *0101 haplotypes.
Analysis of DPB1*0101 alone revealed an increase in
patients versus controls. In control haplotypes,
DPB1 *0101 was usually coupled to the predispos-
ing DRB1*0301 or to the protective DRB1'*1501.
DPB*0101 was found almost exclusively on DR3 haplo-
types in patients, suggesting that its increase in patients
may simply be due to linkage disequilibrium. Closer ex-
amination of the patient DR3-DPB1*0101 haplotypes,
however, revealed a notable difference in the number of
maternal transmissions versus paternal transmissions, al-
though DR3 haplotypes without DPB1*0101 showed no
excess of maternal transmission. Thus, DPB1 *0101 does
not appear to represent an independent IDDM risk fac-
tor; however, this allele (or something linked to it) may
have some effect on parental transmission patterns for
the DR3 haplotypes on which it is carried.

Increased maternal transmission of DR3 haplotypes
is a controversial issue. Several studies have suggested
that heterozygous DR3/DR4 IDDM patients are more
likely to result from maternal transmission of DR3 and

paternal transmission of DR4 than vice versa (Vadheim
et al. 1986; Deschamps et al. 1990; Clerget-Darpoux et
al. 1991; Margaritte-Jeannin et al. 1995). In contrast,
other studies report no parent-of-origin effect (Bain et
al. 1994; Undlien et al. 1995). The different conclusions
reached by different researchers may be due to factors
other than just the DRB1 and DQ alleles carried on
these haplotypes.

Because analysis of DP polymorphisms has only re-
cently become possible, most studies of HLA class II
association with IDDM have focused on DR and DQ.
In addition, the linkage disequilibrium between DQ and
DP is generally much weaker than that between DR and
DQ; therefore, haplotype assignment of DPB1 alleles
requires the use of family material. Perhaps some of the
reported differences concerning maternal transmission
of DR3 might be explained by DR-DP haplotype analy-
sis. For example, on the basis of the results of this study,
a difference in maternal versus paternal DR3 transmis-
sions might be expected in a population with a very
high frequency of the DPB1 * 0101 allele. DR3 haplotype
analysis in populations with low DPB1 * 0101 frequency
would not be expected to reveal an excess of maternal
transmission of DR3-DPB1 *0101 haplotypes; thus, ma-
ternal and paternal transmissions of DR3 would not be
expected to differ in such a population.
A thorough understanding of the genetic basis of

IDDM susceptibility will require analysis of HLA alleles
in the context of extended haplotypes as well as in geno-
types. These analyses dictate the use of very large sets
of family-based samples of varied ethnic backgrounds.
Combining the results of large-scale genetic studies, such
as this one, with data generated from other kinds of
diabetes research should lead to a more complete com-
prehension of the disease process. This information can,
in turn, lead to more accurate prediction and even pre-
vention or delay of onset of the disease.
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