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Summary. Genes in the HLA complex are by far the most im-
portant in determining genetic predisposition or resistance to
Type 1 (insulin-dependent) diabetes mellitus. In this review
evidence is presented that the HLA genes mainly involved
are those encoding some particular HLA-DQ molecules.
Both among Black, Caucasian and Japanese subjects particu-
lar cis or trans encoded DQ molecules are significantly asso-
ciated with susceptibility, while others are associated with re-
sistance. A varying degree of susceptibility or resistance
seems to be conferred by these DQ molecules, where those
determining resistance are dominant over those determining
susceptibility. The degree of genetic predisposition to de-
velop Type 1 diabetes carried by an individual would there-
fore be the result of his or her particular combination of DQ
molecules. A primary association to particular DQ molecules
explains previously found associations to other HLA com-
plex genes by linkage disequilibrium. Some mechanisms by

which particular DQ molecules may determine susceptibility
or resistance are also discussed. Potential islet beta-cell reac-
tive CD4+ T-cells may escape negative selection (deletion) in
the thymus, but normally become anergized or remain igno-
rant extra-thymically. However, under particular circum-
stances they may be triggered. The DQ molecules associated
with Type 1 diabetes susceptibility may preferentially bind
and present triggering and/or beta-cell derived peptides to
such T cells, causing beta-cell destruction. The finding that .
particular DQ molecules determine susceptibility may lead
to new methods of preventing development of Typel
diabetes in susceptible individuals.

Key words: Type 1 (insulin-dependent) diabetes mellitus,
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Both genetic and environmental factors are of importance
for development of Type 1 (insulin-dependent) diabetes
mellitus. This has been demonstrated by a concordance
rate of 35-50% for monozygotic twins [1]. An HLA iden-
tical sibling of a Type 1 diabetic patient carries a 15-25%
risk of developing this disease [2]. These figures demon-
strate that genes in the HLA complex are by far the most
important in determining genetic predisposition. How-
ever, the exact genes in the HLLA complex which are in-
volved have not yet been determined.

One reason may be the complexity of the HILA associ-
ations in Type 1 diabetes. Several different HLA genes
have been found to be associated with susceptibility or re-
sistance, and often to variable degrees. Another reason is
the strong linkage disequilibrium which exists for genes in
the HLA complex;i. e. particular allelic variants are often
present together on the same HLA chromosomal com-
plex ( = haplotype). A third reason is that Type 1 diabetes
may be a heterogenous disease, where different autoim-
mune responses may lead to beta-cell destruction.

Recent studies have demonstrated that some HLA-
DQ genes are most strongly associated with Type 1
diabetes susceptibility. This was also corroborated in a re-
cent international study [3]. Here we review evidence that
particular HLA-DQ molecules as such play a dominant
role in determining susceptibility or resistance. We also
discuss possible mechanisms behind the direct involve-
ment of particular DQ molecules.

The HLA complex

Some of the HLA gene loci known at present are shown in
Figure 1, but there are many others such as those
presented by Trowsdale and Campbell [4]. The class I and
II regions contain genes encoding the HLA cell-mem-
brane molecules. They are composed of an oo and a Schain
heterodimer. The genes encoding the o chain of the classic
class I molecules A, B and C and those encoding both
chains of the class 1l molecules DR, DQ and DP (Fig.2),
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are presentin the HL A complex and are very polymorphic
(except the DRA gene encoding the DRa chain). The
number of allelic variants known is given in Figure 1. They
are named by a four digit number, preceded by the name
of the locus to which they belong; e. g. DRB1#0101 etc. [5].

The class I and II regions also contain many other
genes. In the class Il region polymorphic genes involved in
processing of protein and transport of peptides from the
cytosol to the endoplasmic reticulum i. e. large multifunc-
tional protease (LMP), transporter associated with
antigen processing (TAP), as well as others with unknown
functions (“really interesting new genes” — RING) are
found (Fig.1). Interspaced between the class I and II re-
gions is the class III region containing genes encoding
various complement factors, tumour necrosis factor
(TNF) etc. [4, 5].

A typical feature of HLA complex genes is linkage
disequilibrium. For example, the A*0101, B*0801,
DRB1*0301, DQA1*0501, and DQB1*0201 genes (en-
coding the A1,B8,DR3 and DQ2 molecules, respectively),
which all are associated with Type 1 diabetes suscepti-
bility, are very often found together on the same haplo-

type.

The classic HLA molecules

The class Imolecules A, B and C are present on most cells.
In contrast, the class II molecules DR, DQ and DP are
mainly present on monocytes, macrophages, dendritic
cells and B lymphocytes, but may be induced on many
cells by factors such as interferon-y (IFN-y). Since both
the o and Bchain genes of DQ and DP molecules are poly-
morphic, and since class IT molecules may be encoded by
o and S chain genes both in cis position (on the same ha-
plotype) as well as in trans position (on different haplo-
types; Fig.2) each individual may potentially express as
many as four different variants of DQ or DP molecules or
both.

HLA class 1 region

Fig.1. The HLA gene complex on the
short arm of chromosome no. 6 contains
many different gene loci. Genes encod-
ing the classic HLA class I and class 11
cell-membrane molecules (A, B, C,DR,
DQ and DP) are marked as filled
squares. Genes encoding other mole-
cules are hatched. Genes which are not
known to be expressed are marked as
open squares with small dots
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Many HLA molecules have been serologicaily defined
and are named by a number, preceded by the name of the
series to which it belongs (A1,B8 DR3,DQ2 etc.). How-
ever, genomic typing of the HLA genes is now more and
more becoming the method of choice, particularly for typ-
ing of the HLA class II variants. Since more HLA genes
have been identified than may be serologically defined,
and since DQ and DP molecules are encoded by two poly-
morphic genes, the HLA molecules are more precisely
named in accordance with the genes encoding them. For
example, the DQA1*0301 and DQB1*0302 genes encode
the DQ molecule DQ(al1*0301,51*0302), previously
called DQS.

HLA associations in Type 1 diabetes

Susceptibility to develop Type 1 diabetes was first found
associated with the HLA class I molecules B8 and B15,
later more strongly with the class 1I molecules DR3 and
DR4 [6], which are in linkage disequilibrium with BS and
B15, respectively. DR3/DR4 heterozygous individuals
were found to be at a particularly high risk of developing
Type 1 diabetes. Weaker associations were detected to
DR1, DR6 and DRS [7]. In contrast, DR2 and to a lesser
extent DRS were rare among Type 1 diabetic patients;i. e.
they were associated with resistance [6, 8]. Among
Japanese patients, DR4 and DR9 were most prevalent [7].

More recently, Type1l diabetes susceptibility was
found to be even more strongly associated with some DQ
genes [9-12]. For example, only individuals carrying the
haplotype DR4-DQS, and not those being DR4-DQ7,
were at an increased risk of developing Type 1 diabetes
[13]. Thus, the DR4 association was apparently caused by
linkage disequilibrium to DQS. The particularly high risk
in DR3-DQ2/DR4-DQS8 heterozygotes might then be ex-
plained by an association to a trans-encoded DQ molecule
in these individuals [14].
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Fig.2. Top. The DQA1*0301 and DQB1*0201 genes are found on
the same haplotype (in cis) among Black Type 1 diabetic patients,
while they are most often found on different haplotypes (in trans)
among Caucasian and Japanese Type 1 diabetic patients. In both
cases the same DQ molecule is encoded and expressed. Bottom. The
DQA1#0301 and DQB1*0401 genes are found on the same haplo-
type (in cis) among Japanese Type1 diabetic patients, while
DQA1*0301 and DQB1*0402 are found on different haplotypes (in
trans) among Black and Caucasian Type 1 diabetic patients. The
DQB1*#0401 and 0402 genes only differ at codon 23, thus in both
cases a very similar DQ molecule is encoded and expressed

Todd and co-workers [15] suggested that it was the
amino acid present at DQS chain residue 57 which was of
importance; DQ molecules having amino acids other than
aspartic acid at this residue (non-Asp) were associated
with susceptibility, while those having Asp were associ-
ated with dominant resistance. However, more recent
studies showed the picture to be more complex [16], and
Japanese Typel diabetes patients mostly have DQJ
chains of Asp type [8,17].

Khalil et al. [18] proposed that cis or trans encoded DQ
molecules consisting of a2 DQao chain having arginine
(Arg) at position 52 and a non-Asp DQ chain were most
strongly associated with Type 1 diabetes susceptibility,
and that susceptibility correlated quantitatively with the
expression of such cis or trans encoded DQ molecules
[19]. DQ molecules being DQo non-Arg and DQS Asp
were supposed to confer protection. Howeyver, the relative
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risk associated with the various Type 1 diabetes suscepti-
bility DQ molecules varied considerably, and Type 1
diabetic patients are found who have protective DQa. or
DQ}S chains, or both [20]. This is particularly so among
Japanese subjects [8,17].

We suggested recently [21] that Type 1 diabetes suscep-
tibility might be primarily associated with five or six par-
ticular cis or trans encoded DQ molecules, which are com-
mon for Black and Caucasian subjects, but in part
different for Japanese.

Other studies indicated, however, also strong contribu-
tions by particular DRB1 genes encoding given variants of
DR4 [22], or other genes in the HLA complex [23, 24].
One recent study even indicated association to some TAP
gene variants [25]. Thus, it could still not be excluded that
the primary association in Type 1 diabetes were to some
other or unknown genes in the HILA complex, in strong
linkage disequilibrium with given DQ genes, or to particu-
lar combinations of genes (“extended haplotypes”).

Results of a recent international collaborative study

As part of the 11th International Histocompatibility
Workshop (1991), 981 unrelated Black, Caucasian or
Japanese Typel diabetic patients were genomically
typed for HLA class II alleles, and the results compared
with those obtained by typing of 2228 healthy control sub-
jects. The results clearly demonstrated that Type 1
diabetes susceptibility was most strongly associated with
particular combinations of DQA1 and DOBI1 genes in all
three ethnic groups [3]. The combinations demonstrating
the strongest and most significant associations are listed in
Table 1, together with the corresponding serological DQ
and associated DR specificities.

DQA1*0301 together with DQB1*0302, and
DQAI1*0501 together with DQB1*#0201, in both cases in
cis position, were found associated with Type 1 diabetes
susceptibility in all three ethnic groups. Among Blacks a
significant association was also found to DQA1*0301
together with DQB1*0201 in cis position (often together
with genes encoding DR7), while among Caucasians and
Japanese an association with the same two DQ genes in
trans position was seen (Fig.2). The Caucasian genotype
most often involved was DR3-DQ2/DR4-DQ8 (Fig.2).
However, this genotype also carries another pair of DQ
genes in trans position; DQA1*0501 and DQB1*0302.
Accordingly, a strong association of Type 1 diabetes sus-
ceptibility to this trans combination of DQ genes was also
seen among Caucasians (Table 1).

In the Japanese Type 1 diabetic patients susceptibility
was also associated with DQA1*0301 together with
DQOB1#0303, and DQA1*0301 together with
DQB1*0401, in both cases in cis position. These haplo-
types are very rare in Blacks and Caucasians. However, in
Blacks and Caucasians, a weaker but significant associ-
ation was found with the DQA1*0301 and DQB1*0402
genes in trans position. Interestingly, the DQB1*0401 and
DQB1%0402 genes are very similar, the only known dif-
ference being a single nucleotide substitution at codon 23,
Thus, this is another example of a Type 1 diabetes associ-
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Table 1. Some combinations of DQA1 and DQB1 genes associated
with Type 1 diabetes susceptibility or resistance in Black, Caucasian
and Japanese subjects (modified from [3])

Serological ~Associated Relative
DQA1DQB! Position®* DQ® DR¢ risk [6]
Susceptibility
0301, 0302 c DQ8 DR4 8-12
0501, 0201 c bQ2 DR3 35
0301, 0201 c/t 5-20
0501, 0302 t 835
0301, 0303¢ c DQYS DR9 2
0301, 04014 c DO4 DR4 4
0301, 0402 t 5-15
Resistance
0102, 0602 c DQ6 DR2,DR11 0.2
0103, 0603¢ c DQ6 DR6 02
0103, 0601¢ c DO6 DR2,DR8 02
0501, 0301 c DQ7 DRS5 0.2-0.4

a¢ = cisort = trans position of the DQA1 and DQBI genes.
®Serological DQ specificity encoded by this haplotype.

¢ Associated serological DR specificity most often encoded by this
haplotype.

4 Only significantly increased or decreased in Japanese subjects.
These haplotypes are very rare in Black and Caucasian subjects.

° Only significantly decreased in Black and Caucasian subjects. This
haplotype is very rare in Japanese subjects

ation with the same pair of DQ genes, in cis or trans posi-
tion (Fig.2) depending on ethnic group [26].

Of the investigated Type 1 diabetic patients, 80-90 %
carried one or more of the combinations of DQA1 and
DQBT1 genes listed in Table 1. Individuals having more
than one of these particular combinations of DQ genes
were at an increased risk of developing Type 1 diabetes;
i.e. some additive effects of these combinations of DQ
genes on susceptibility was observed.

Resistance against development of Type 1 diabetes
was found associated with several other combinations of
DQAL1 and DQB1 genes in cis position (Table 1). In all
three ethnic groups the strongest resistance was found
with DQA1*0102 together with DQB1*0602, or with
other DQ genes encoding variants of DQ®6. Slightly less
resistance was associated with DQA1*0501 together with
DQB1*0301. The DQ-associated resistance was partly,
but not completely dominant over the DQ-associated
susceptibility. For example, there was a significant
reduction in the frequency of the DQA1*0501-
DQB1*0201/DQA1*0102-DQB1*0602 (DQ2/DQ6) ge-
notype among Caucasian Type 1 diabetic patients com-
pared to healthy control subjects, but some few patients
carried such combinations of DQ genes.

Particular DQ molecules as such play a dominant role in
determining susceptibility or resistance

The strongest evidence for this concept is that in all three
ethnic groups Type 1 diabetes susceptibility or resistance
is significantly associated with particular combinations of
DQA1 and DQB1 genes, sometimes in cis position, in
other cases either in cis or trans position (Table 1).
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Most important is the susceptibility associated with
DQA1*0301 and DQB1*0201 in cis or trans position,
since the same DQ molecule, e. g. DQ(a1*0301,51*0201),
is encoded in either position of the genes {14, 27] (Fig.2).
Equally important is the susceptibility associated with
DQA1*0301 together with DQB1*0401 or 0402 in cis or
trans position, since here functionally identical or very
similar DQ molecules, e¢.g. DQ(a1*0301,51%0401) or
DQ(1*0301,81*0402), are being encoded in either posi-
tion [28] (Fig.2). In these two cases, therefore, the evi-
dence strongly indicates that the Type 1 diabetes suscepti-
bility is primarily determined by the corresponding cis or
trans encoded DQ molecules themselves. A less likely ex-
planation would be a primary association to a combina-
tion of two other genes closely linked to these DOA1 and
DQBI1 genes in cis or trans position, one being cen-
tromeric to DQBL, the other telomeric to DQA1 (Fig. 1).
Strong association with two genes in cis or trans position
also argues against a primary association with given ex-
tended HL.A haplotypes.

Since in these two cases the corresponding DQ mole-
cules themselves are the best candidates for determining
susceptibility, it is likely that the same is true when two
DQ genes in cis position are involved.

Is resistance against Type 1 diabetes also determined
by particular DQ molecules? Up to now, it has been diffi-
cult to ascertain whether resistance is primarily associated
with DR2 or DQ6 genes, since the genes involved are
often present on the same haplotype. The Workshop
studies revealed, however, that the DQA1*0102-
DQB1*0602 (DQ6) haplotype associated with resistance
might carry different DRB1 genes. Among Blacks this ha-
plotype carried DRB1*¥1503 or DRB1*11 [29], while
among Caucasians DRB1#1501 was carried on this haplo-
type. Other recent studies have also indicated that resis-
tance is more strongly associated with DQ6 than DR2 [30,
31]. In Japanese, resistance is associated with the
DQA1*0103-DQB1*0601 haplotype, which may carry
DRBI1 genes encoding either DR2 or DRS8 (Table 1).
Therefore, resistance against Type 1 diabetes also seems
to be primarily associated with given DQ molecules, the
most important being different variants of very similar
DQ6 molecules.

Available evidence thus strongly suggests that some
particular DQ molecules determine Type 1 diabetes sus-
ceptibility, others determine resistance, while still others
are neutral. A varying degree of susceptibility or resis-
tance seems to be conferred by these DQ molecules,
whereas DQ molecules which determine resistance are
often dominant over those which determine susceptibility.
The degree of genetic predisposition for developing
Type 1 diabetes carried by an individual would therefore
be the result of his or her particular combination of DQ
molecules.

This would also explain why the HLA genotype DR3-
DQ2/DR4-DQ8 is, in particular, strongly associated with
Type 1 diabetes susceptibility, since by this DQ genotype
(DQA1*0501-DQB1%0201/DQA1*0301-DQB1%0302)
four different DQ molecules determining susceptibility
are encoded in ¢is or trans position (Table 1, Fig. 2). Simi-
larly, it is possible to explain why a given DQ molecule in
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some combinations, but not in others may be associated
with susceptibility. For example, the Type 1 diabetes sus-
ceptibility DQ molecule encoded by DQA1*0301 and
DQB1*0201 in trans position in DR3-DQ2/DR4-DQS8
heterozygotes, is not (or to a lesser degree) associated
with Type 1 diabetes susceptibility when encoded in
trans position in DR3-DQ2/DR4-DQ7 or DR4-DQS/
DR7-DQ2 heterozygotes. However, in the latter two
cases this particular trans encoded DQ molecule is found
together with DQ molecules associated with resistance.
The Workshop studies revealed that the DQ molecules
encoded by DQA1*0301 and DQB1*0301 (DQ7) or
DQA1*0201 and DQB1*0201 (a variant of DQZ on the
DR7 haplotype) were significantly associated with resis-
tance (data not shown). Another factor may be that DQ
genes in the trans posistion do not always lead to ex-
pressed DQ molecules, or to DQ molecules expressedtoa
variable degree. This might depend on the particular com-
bination of DQ genes in cis and trans position in a given
genotype [32].

A primary involvement of the DQ molecules men-
tioned also explains most previously found DR associ-
ations (see above and Table 1). However, this does not
exclude that other genes in the HLA complex may con-
tribute. In the 11 th Workshap, no associations were found
with any DPA1 or DPBI alleles. However, a contribution
by some DRB1 alleles could not be excluded. By studying
Type 1 diabetic patients and HL.A-matched control sub-
jects, we were recently unable to confirm the reported as-
sociation to given TAP gene variants (Rgnningen KS, Un-
dlien DE, Ploski R et al., unpublished data).

It should be noted, however, that 10-20 % of the Type 1
diabetic patients studied in the Workshop did not carry
any of the combinations of DQA1T and DOBI genes listed
in Table 1. It remains to be established whether other DQ
molecules may also confer susceptibility, or whether other
genes in the HLA complex may determine susceptibility
in these cases. Also, some non-HLA genes are known to
play arole [33].

How may HLA-DQ molecules determine Type 1
diabetes susceptibility or resistance?

Since Type 1 diabetes is probably the end result of a T-cell
dependent and probably mainly T-cell mediated autoim-
mune destruction of islet beta cells [34], HLLA cell-mem-
brane molecules have to be involved. HLA class I mole-
cules bind and present peptide fragments of antigen to the
T-cell receptors (TCR) of CD8* T cells (mainly cyto-
toxic), while HLLA class IT molecules have the same func-
tion for CD4* T cells (mainly helper T cells) [35]. The
polymorphism of HLA molecules is mainly localized to
their peptide-binding clefts [36]. Thus, different variants
of HL A molecules differ with respect to the shape etc. of
their clefts, which determine which peptides may be
bound. Each variant of HLA molecules can only bind one
peptide at a time, from a restricted set of peptides [35,37].
Thus, the HLA molecules carried by a given individual
will determine the repertoire of antigenic peptides his or
her T cells may be able to recognize.
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Since Type 1 diabetes susceptibility seems maialy to be
determined by given DQ molecules, CD4* T cells recog-
nizing given islet beta-cell derived peptides presented by
some DQ molecules may be instrumental in the immuno-
pathogenic process, at least initially. How are such self-re-
active T cells allowed to develop, and how do they become
activated?

During their thymic development T cells are both posi-
tively and negatively selected, depending on the TCR
they express. T cells with TCR for self-peptide/HLA com-
plexes are first positively selected, then T cells with high
affinity TCR for such self-peptide/HLA complexes are
negatively selected or deleted. The details of this process
are not fully known [38], but the result will be a set of ma-
ture T cells mainly able to recognize various peptides
derived from foreign proteins in the cleft of self-HLA
molecules.

However, negative selection is probably leaky. T cells
with TCR for some self-peptides may escape negative se-
lection because the concentration of some self-peptides in
the thymus is too low. This may be the case for some
potential beta-cell reactive CD4* T cells. Such T cells
may, however, be inactivated (anergized) upon confronta-
tion with islet beta cells, due to the inability of beta cells to
provide certain co-stimulatory signals necessary for T-cell
activation [39]. Alternatively, the lack of co-stimulatory
signals will cause T-cell ignorance; i.e. the T cells will be
neither anergized nor activated [40]. In any case, most es-
caped potential self-reactive T cells may not cause auto-
immune disease because they are normally not activated.

The situation will be entirely different, however,
should some beta-cell derived peptides be presented in
sufficient concentration by professional antigen presen-
ting cells (APC) able to deliver the necessary co-stimula-
tory signals. Animal experiments have shown that T cells
with TCR for virally-derived peptides inserted by trans-
fection in pancreatic beta cells, will normally be ignorant
and not cause beta-cell destruction. However, following
infection with the corresponding virus, and thus presenta-
tion of the virally-derived peptides by professional APC,
the T cells may become activated and cause beta-cell de-
struction [40]. This points to a possible mechanism of
Type 1 diabetes (and other autoimmune diseases).

Environmental factors are known to be important for
the development of Type 1 diabetes. The nature of such
factors is unknown, but certain viruses have been sus-
pected for a long time [41]. Possibly, degradation of some
viral proteins may result in peptides showing molecular
mimicry to certain beta-cell derived peptides. Following a
virus infection, when such viral peptides are presented by
professional APC, anergized or ignorant CD4* T cells
with TCR for the corresponding beta-cell derived pep-
tides may then become activated. Another environmental
factor could be cows milk. Children with Type 1 diabetes
often have antibodies to a particular peptide derived from
bovine serum albumin, antibodies which also react with a
pancreatic beta-cell surface protein (p69) that is inducible
with IFN-y [42]. If ignorant T cells with TCR for p69
derived peptides exist, they may become activated by con-
frontation with the bovine serum albumin derived peptide
presented by professional APC. Should a viral infection
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later occur in the vicinity of islet beta cells, IFN-ymay in-
duce expression of p69, and thus become a target for T-cell
attack.

How and where do the involved DQ molecules exert
their effects in these processes? Intra-thymically, the DQ
molecules associated with susceptibility may cause posi-
tive selection of potentially beta-cell reactive CD4* T
cells. In contrast, DQ molecules associated with resistance
may cause positive selection of some regulatory or protec-
tive T cells, or deletion of potential beta-cell reactive T
cells (as discussed by Mgller et al. [43]).

We consider it more likely that the DQ molecules asso-
ciated with susceptibility exert their effects extra-thymi-
cally. They may preferentially bind and present the pep-
tides involved, both putative triggering peptides and the
target beta-cell derived peptides. If DQ molecules are in-
duced by IFN-yand TNF [44] in islet beta cells as a result
of infection, the activated CD4* T cells may directly de-
stroy the beta cells. Alternatively, they may recruit CD8*
T cells, macrophages or initiate antibody production.

Since Type 1 diabetes is associated with several differ-
ent DQ molecules, several different beta-cell derived pep-
tides may be involved. Thus, Type 1 diabetes may be a
heterogenous disease with respect to the fine specificity of
the beta-cell reactive T cells. Alternatively, only one beta-
cell derived peptide is potentially immunopathogenic,
which may bind (with different affinity) to all DQ mole-
cules associated with susceptibility. In any case the
presence of several different DQ molecules associated
with susceptibility may increase the chance of recognition
by potential beta-cell reactive T cells. This may explain
the additive effects on susceptibility of having more than
one of these DQ molecules.

Resistance against Type 1 diabetes by given DQ mole-
cules is more difficult to explain by extra-thymic mecha-
nisms. Nepom [45] has suggested that HLA molecules
associated with resistance may tightly bind potential
diabetogenic peptides, thus competing with binding of the
same peptides to the DQ molecules involved in suscepti-
bility. This mechanism of resistance would, however, re-
quire that T cells able to recognize such diabetogenic pep-
tides bound to DQ molecules associated with resistance
(e.g. DQ6) should be inhibited or not be allowed to de-
velop.

Conclusion

The HL A-associated susceptibility or resistance to de-
velop Type 1 diabetes seems mainly to be determined by
particular HLA-DQ molecules. A direct contribution by
other genes in the HLLA complex cannot be excluded, and
particular DQ molecules may not determine genetic sus-
ceptibility in all cases of Type 1 diabetes. The DQ mole-
cules involved may exert their effects intra-thymically
during T-cell development and differentiation, or extra-
thymically by preferential peptide presentation to poten-
tial beta-cell reactive T cells. The finding that certain DQ
molecules may determine Type 1 diabetes susceptibility
may lead to new methods such as the use of blocking pep-
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tide analogues for preventing the development of Type 1
diabetes in susceptible individuals.
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