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Polymorphic structural features of modelled HLA-DQ molecules
segregate according to susceptibility or resistance to IDDM
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Summary The structural features of HLLA-DQ al-
leles which are susceptible and resistant to insulin-de-
pendent diabetes mellitus (IDDM) have been exam-
ined using a model of their three-dimensional struc-
ture obtained by energy minimisation, based on the
published structure of HLA-DR1. The model shows
DQ molecules to have an overall shape nearly identi-
cal to that of DR molecules, but with significant dif-
ferences in the fine structure: 1) the antigen-binding
groove of DQ molecules has a polymorphic first
pocket; this pocket can be either amphiphilic or hy-
drophilic, 2) The p49-56 dimerisation domain of DQ
is polymorphic: hydrophobic, or amphiphilic, or hy-
drophilic and positively charged, leading to spontane-
ous or T-cell receptor-induced homodimer formation,
or difficulty of the formation of such dimers, respec-
tively; 3) a prominent Arg-Gly-Asp loop is formed
by some DQ alleles (f167-169) and probably func-
tions in cell adhesion. There are also small differ-
ences in the residues and sequences implicated in

CD4 binding (mostly in DQB134-148) but the signifi-
cance of these differences cannot be evaluated at pre-
sent. All seven DQ alleles which confer susceptibility
to IDDM posses a hydrophilic first pocket in the anti-
gen-binding groove, a hydrophobic or amphiphilic
[49-56 dimerisation patch that allows for spontane-
ous or T-cell receptor-induced dimerisation, and the
Arg-Gly-Asp loop. By contrast, in the protective al-
leles at least one of these three features is absent.
This segregation of phenotypes according to suscepti-
bility or resistance can well explain the model of tigh-
ter autoantigen binding by the protective alleles com-
pared to the susceptible alleles, previously proposed
for the pathogenesis of IDDM. [Diabetologia (1995)
38: 1251-1261]
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About 15 years ago, it was established that several hu-
man autoimmune diseases were genetically linked to
the HLA/D locus [1]. This locus maps to the short
arm of chromosome 6 and contains several genes and
pseudogenes. The best studied of the former are
those of DP, DQ and DR. Each of these genes codes
for one o chain and for at least one f chain. The ma-
ture protein, expressed in professional antigen-pre-
senting cells (macrophages, B cells, dendritic cells) is
composed of two integral membrane proteins linked
non-covalently as an off heterodimer. Such heterodi-
mers participate in the trapping of antigenic peptide
fragments in the endocytic compartment of antigen-
presenting cells. Thereafter, the complex of antigen
plus HLA Class IT molecule translocates to the cell
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Table 1. Combinations of DQA and DOB genes associated
with susceptibility or resistance to IDDM

DQAI1,DQB1 Relative Risk
Susceptibility

0301, 0201 5-20
0301, 0302 8-12
0301, 0303° 2

0301, 0401° 4
0301, 0402 515
0501, 0201 3-5
0501, 0302 8-35
Resistance

0102, 0602 02
0103, 0603° 02
0103, 06012 0.2
0501, 0301 0.2-04

2 Only significantly increased or decreased in Japanese sub-
jects. 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

Modified from previously published data [10], with the permis-
sion of the publisher and the authors

membrane, in order to be presented to CD4* helper
T lymphocytes. In insulin-dependent diabetes melli-
tus (IDDM), genetic linkage in Caucasian popula-
tions has been shown for the serologically-defined an-
tigens DR3 and DR4, while DR2 has been shown to
confer protection from the disease [2]. Later studies
revealed that this was due to linkage disequilibrium
of these alleles to various DQ alleles [3, 4]. Further-
more, genes telomeric and centromeric to HLA-DQ
were shown to be less highly associated with the dis-
ease than DQ itself [5]. Of even greater significance
is the fact that susceptibility to diabetes can be confer-
red by DQ A and B genes in trans position giving cre-
dence to the hypothesis that DQ molecules are true
susceptibility genes for IDDM [6]. Meanwhile, a
number of studies have linked susceptibility to the
disease in Caucasian populations to the absence of as-
partic acid in position $57 (DQP57)[7], and the pre-
sence of anarginine residue inposition DQa52 [8]. By
contrast, most susceptibility alleles in the Japanese
population contain aspartate in position P57 [9]. A
more recent worldwide collaborative study using 981
unrelated patients with IDDM and 2228 healthy con-
trol subjects, showed that in black, Caucasian, and Ja-
panese populations there are seven susceptible DQ
alleles (two of which are exclusive for the Japanese
population). Furthermore, there are four dominantly
protective DQ alleles in the same populations (with
one allele exclusive for the Japanese population [10]
(Table 1)). The protection conferred by the various
DQ alleles appears to be against all DQ susceptible
alleles [10]. A new genetic study scanning the entire
human genome has found that the linkage of IDDM
to major histocompatibility complex (MHC) genes is
the strongest of all other linkages [11].

The molecular basis of the susceptibility to IDDM,
or resistance to it, has remained a mystery, even
though an attractive hypothesis has been proposed
[12]. Specifically, it states that the “diabetogenic pep-
tide(s)” binds tighter to the resistant than to the sus-
ceptible DQ molecules, leading to elimination of
strongly autoreactive T-cell clones in the thymus dur-
ing ontogenesis of the immune system. In the periph-
ery, the protective DQ molecules would effectively
compete with the susceptible molecules for binding
to the peptide(s), thus not permitting the latter com-
bination to be presented on the surface of antigen-
presenting cells [12]. Other DQ alleles that are neu-
tral with respect to diabetes susceptibility are regar-
ded as not being capable of binding such diabeto-
genic peptide(s). While this hypothesis is not contra-
ry to the current immunological paradigm, very little
is known about the function of DQ molecules; they
are only constitutively present on a subfraction of an-
tigen-presenting cells, and at a much lower density
than DR molecules [13]. However, their expression
on antigen-presenting cells can be induced by inter-
feron y [14], and infectious agents such as the Ep-
stein-Barr virus [15]. It has been postulated that DQ
molecules exercise epistatic action over DR mole-
cules [16] and that they are the mediators of immuno-
suppression [17].

The structure of nearly the entire extracellular
part of the related human MHC molecule HLA-
DR1 has been published in complex with one [18] or
several [19] antigenic peptides. The bound antigen is
held by hydrogen bonds from polar DR1 residues to
its amide and carbonyl groups and by five pockets
into which residues of limited or wide specificity can
fit. Aspartate 57 participates in this hydrogen bond-
ing and also forms a salt bridge to the apposed
a76Arg [19]. The importance of this aspartate as a
major determinant of peptide affinity has also been
demonstrated in a far-reaching peptide-binding
study to 11 different DR molecules [20]. The pocket
motif has been independently corroborated for other
DR molecules by the same study [20] and by pool se-
quencing of bound peptides to various DR molecules
[21-23], and recently to one DQ and one DP allele
[24]. Also of interest is the formation of the homodi-
mer of heterodimers of DR1 maintained by interac-
tions of residues in the p49-56 patch, as well as sever-
al interactions in the o2P2 domain. Dimerisation
seems an obligatory step in the signal transduction of
several ligated cell-surface receptors (e.g. growth
hormone [25]), and in this case it is presumed to be in-
duced by the binding of cognate T-cell receptors to
identical DR molecules [19].

We have constructed a model of the structure of
DQ molecules, based on the 60-70 % identity be-
tween them and the HLA-DR1 molecule, the similar
peptide binding characteristics and the binding to
the CD4 co-receptor [26]. Such modelling studies
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have retrospectively been shown as quite successful
when there is at least 40 % identity between the
known and the modelled protein and similarity of
biochemical functions [27-29]. While there is near
identity in overall shape between DR and DQ mole-
cules, there are several unique structural features of
the latter: 1) a polymorphic first pocket in the anti-
gen-binding groove that is either hydrophilic or am-
phiphilic (with slight variations on this theme), 2) a
polymorphic 349-56 dimerisation patch that prob-
ably leads to either spontaneous or T-cell receptor-in-
duced dimerisation, or difficulty of doing so, and 3) a
prominent Arg-Gly-Asp loop in DQf167-169 that
probably functions in cell adhesion.

In this study we have focused on DQ alleles known
to confer either susceptibility or protection to IDDM
[10]. The seven diabetes-susceptible DQ alleles are
all characterised by a hydrophilic first pocket in the
antigen-binding groove, a hydrophobic or amphiphi-
lic B49-56 sequence that leads to spontaneous or T-
cell receptor-induced dimerisation, and the presence
of an Arg-Gly-Asp loop. By contrast, three of the
four dominantly resistant DQ alleles lack at least
two out of three of the mentioned structural fea-
tures, and the fourth one (A1*0501/B1*0301) lacks
only the Arg-Gly-Asp loop. A structural explanation
of the model of Nepom [12] can now be provided by
the results of our modelling: the susceptible DQ mo-
lecules bind to diabetogenic peptide(s) and can initi-
ate an immune response by virtue of spontaneous or
induced homo-dimerisation in the alf1 domain fol-
lowed by homodimerisation in the a2p2 domain and
CD4 binding. By contrast, resistant molecules prob-
ably bind the diabetogenic peptide(s) more avidly,
due to a different first pocket and the presence of as-
partate in (57, yet cannot activate cognate T-cell
clones because the latter have been deleted in the
thymus. In case any such clones have escaped dele-
tion, the resistant DQ molecules cannot easily form
dimers, a necessary prerequisite for T-cell activation,
or lack the Arg-Gly-Asp putative cell-adhesion loop.

Materials and methods

The high resolution structure of HLA-DR1 (kindly provided
by Professor D. Wiley) [18] was used as a basis for the model-
ling of DQ molecules. The aminoacid sequences of the DQ al-
leles were obtained from a previously published study [30]
after substitution of the appropriate aminoacid for each nu-
cleotide triplet in the DNA sequence. The alignment of DQ
aminoacid sequences to those of DR molecules was based on
that first presented in Brown et al. [31]. Only one insertion
was necessary in position 9 of the a chain of DQ (an alanine re-
sidue) [31]. In keeping with earlier alignments [31] and in con-
sideration of all conserved interactions between conserved
side chains we have placed DQo9Ala in the position of
DRa6Val, and placed the aminoacids 6-8 of DQu in the posi-
tions of DRa3-5 (no coordinates for DRal-2 provided in
[18]). The aliele DQA1*0101/DQOB1#0501 was generated

first, and all other DQ combinations were obtained by substi-
tution of the residues at appropriate positions. The whole pro-
cedure was performed on a Silicon Graphics Iris 5.1 worksta-
tion using the program Insight II, version 2.3.1 (Biosym Corp.,
San Diego, Calif., USA). At each substitution, there was an au-
tomatic selection of the most suitable rotamer, from a library
of rotamers provided by the program. After each aminoacid
substitution there was an automatic energy minimisation to
obtain the most suitable arrangement of all residues. Follow-
ing all substitutions, two hundred iterative cycles of energy
minimisation ensued by the conjugate gradient method. The
changes in energy after the first 30-40 cycles were minimal.
The pockets in the antigen-binding groove of the alff1 domain
of each modelled DQ molecule were identified as large de-
pressions in the van der Waals surface representation of the-
model. The DQ molecules obtained thus are very similar in
overall structure to the published structure of DR1 [18, 19].
The mean root mean square (rms) deviation for Ca atoms be-
tween DR1 and the DQ molecule A1#0101/B1*0501 is 0.51 A
and no value is above 1.5 A. Other DQ molecules give just as
good if not better structural agreement with DR1. The rele-
vant DQ alleles were taken from the recent worldwide colla-
borative study, a part of the 11th International Histocompat-
ibility Workshop [10]. The coordinates of the modelied DQ
molecules will be deposited at the Brookhaven Data Bank
{Chemistry Department, Brookhaven National Laboratory,
Upton, N.Y. 11973, USA).

Results

All of the DQ molecules, including those conferring
susceptibility or resistance to IDDM, have an overall
structure exemplified by Figure 1. Specifically, they
possess the mould of a class II histocompatibility mo-
lecule with an antigen-binding groove in the a1f1 do-
main that is bounded by a “floor” of eight B-sheets
and two “walls” of antiparallel a-helices. There is an
a2p2 domain very much like an immunoglobulin
fold, that contains the homodimerisation region, the
CD4-binding area and the Arg-Gly-Asp loop. This
domain and the 011 domain dimerise in some al-
leles with their counterparts in an identical DQ mole-
cule forming a homodimer of off heterodimers

(Fig.1).

The antigen-binding groove. The polar residues lining
the antigen-binding groove of DR1 and participating
in hydrogen bonding with the antigenic peptide, are
located in exactly the same positions in modelled
DQ molecules ([18, 19], Figs. 2, 3), with nearly identi-
cal orientations [26]. Within the antigen-binding
groove of modelled DQ molecules we identified at
most five pockets that can trap specific residues of
the antigenic peptides. They appear in nearly the
same positions and are formed by equivalently
placed residues as in DR1 [26]. The first pocket of
DQ molecules (formed by a10, 27, 34, 35, 46 and
85, 86, 89 and 90) is either amphiphilic or hydrophi-
lic, as judged from the aminoacids that line-up this
formation (Figs. 2, 3, Table 2). The hydrophilic var-
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Fig.1 Overall structure of the extracellular domains of the DQ
molecule A1*0301/B1*0302 as a homodimer of two of3 hetero-
dimers, obtained after aminoacid substitution on the high reso-
lution coordinates of DR1 [19] and energy minimisation, show-
ing the antigen-binding groove (in the a1f1 domain with a vir-
tual trapped peptide in grey), the 349-56 dimerisation patches
(turquoise), the CD4 binding stretch ($134-148, pink) and the
Arg-Gly-Asp (RGD) loop (yellow-green). On the left the o
chain is in purple (away from the viewer) and the § chain is in
blue (towards the viewer). On the right, the o chain is in or-
ange (towards the viewer) and the f chain in red (away from
the viewer). There is an identical RGD loop and CD4 binding
region formed by the o and {3 chains that are away from the
viewer (shown in identical colours). The backbone of the trap-
ped peptide fragment is actually that of the HA306-318 pep-
tide in the coordinates provided for its complex with DR1
[18], and shown here only for purposes of orientation. The
CD4 molecule is postulated to dock in the empty space shown
between the two heterodimers. There are two identical dock-
ing positions, one towards the viewer and one away from the
viewer (see also Fig.4). All modelled DQ molecules are near-
ly identical in gross shape to the one depicted here. The cell
membrane of the antigen-presenting cell that expresses DQ
molecules is parallel to the horizontal and perhaps 10 residues
below the level of the RGD loop. This figure is drawn on a Sili-
con Graphics Iris workstation using Insight I1

iant of the first pocket appears shallower, owing to the
presence of bulky residues in 85, 86 and 89 (Leu, Glu
and Thr instead of Val, Ala and Gly, respectively for
the amphiphilic variant). The character of the first
pocket is also modulated by residue o34 (Glu or
Gln). All of the IDDM-susceptible DQ alleles have a
first pocket that is of the second variety, i. e. smaller
and hydrophilic, while three of the four resistant al-
leles have an amphiphilic, and slightly more accom-
modating first pocket (Table 3). The fourth resistant
molecule DQA1*0501/DQB1#0301, has the hydro-
philic form of a first pocket. The second pocket ap-
pears as the most prominent or anchoring pocket.

J. Routsias, G. K. Papadopoulos: DQ structural features and IDDM

This is most probably due to small residues (e.g. Gly,
Ala) in positions a9 and 13 of DQ molecules in con-
trast to the bulky glutamine and phenylalanine, re-
spectively, found in DR1. There is extensive poly-
morphism in the four residues from the f1 helix of
this pocket (70, 71, 74 and 78) but no clear distinction
between susceptible and resistant DQ molecules.
Likewise, different residues exist in certain positions
of the other pockets without a separation into the sus-
ceptible and resistant forms. We note however, the
presence of aspartate in 357, which is part of the fifth
pocket and also a major determinant of peptide affi-
nity. All resistant alleles, and three of seven suscepti-
ble alleles, contain aspartate in this position; the resi-
due is oriented in a manner identical to that in DR1
(forming a salt bridge with a79Arg and a hydrogen
bond with an amide group of the antigenic peptide).

The p49-56 and a2p2 dimerisation patches. There are
important differences in the (49-56 dimerisation
patch [19] of all the susceptible DQ molecules when
compared to the patch of the resistant molecules.
DR molecules have a monomorphic 349-56 dimerisa-
tion patch, with dimerisation probably promoted
after T-cell receptor binding [19], by symmetrical salt
bridges between P52Glu of one heterodimer and
B55Arg of the opposite heterodimer. By contrast,
DAQ alleles are polymorphic in this region leading to
49-56 sequences that may be very hydrophobic
(hydrophobicity of 8.6 or 14.6 kcal/mol), or amphi-
philic (hydrophobicity of ~0.5 kcal/mol), or hydrophi-
lic (~10.4 kcal/mol) and positively charged. Of the
seven diabetes-susceptible DQ alleles five (those with
DQB1*0201, 0302, 0303, Table 1) have a very hydro-
phobic patch, and two (DQB1*0401, 0402) an amphi-
philic patch [26]. The positive hydropathy values are
such that exposure to an aqueous environment is pro-
hibitive, and probably leads to spontaneous homodi-
merisation via this patch. The two susceptible alleles
(DQB1*0401 and DQB1*0402) with the amphiphilic
dimerisation patch can probably form homodimers,
albeit with greater difficulty than the other suscepti-
ble alleles. Their conformation in this region is prob-
ably more peculiar. They have an arginine at posi-
tion 55, yet they contain two leucines, at positions 53
and 56, right opposite to each other at the first turn
of the B1 helix (Figs. 1, 3). This will probably bring a
distortion to the conformation of these DQ mole-
cules, such that when close together because of
cross-linking by cognate T-cell receptors, the argi-
nines would turn away from this hydrophobic patch
allowing the four leucines in the homodimer to come
opposite to each other (like a mini leucine zipper
[32]). On the other hand, three of the four resistant
alleles (DQB1*0601, 0602, 0603) have the hydrophi-
lic variant that is also positively charged because of
B55Arg and one (DQA1*0501/DQB1*0301) has the
hydrophobic variant (8.6 kcal/mol).
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200 Fig.2 Aminoacid sequences of the first two domains of DQu
chains susceptible and resistant to IDDM. Aminoacids are in
the one letter code. DRa and DQA1*0101 are placed for com-
parison. The top group in each sequence comprises the suscep-
tible alleles and the bottom group the resistant ones.
DQA1*0501 is in both groups as there is one allele conferring
susceptibility and another conferring resistance that use this
particular o chain. DR1a has three aminoacids less than
DQo. The numbering used here refers to DQa. Code: _: identi-
ty; -: no aminoacid in corresponding position; .: aminoacid un-
known; ~ : intramolecular hydrogen bonds or salt bridges; !: in-
termolecular hydrogen bonds (between class Il MHC and trap-
ped peptide); *: residues participating in the first pocket (by
analogy to DRl) @: residues forming the 349-56 dimerisation
patch; /: residues participating in the formation of the CD4
binding region; #: interacting residues that stabilise the homo-
dimer of heterodimers in the 0232 domain (2 of one heterodi-
mer with 32 of another heterodimer)
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The 02p2 homodimerisation domain involves a
large surface area of the DQ molecule (ca. 900 A?)
and the dimerisation is stabilised by multiple interac-
tions involving charged and hydrophobic residues
([19, 26], and Figs. 1-3). There are very few substitu-
tions (al114Lys — Asn and al61Glu — Asp, the lat-
ter only in some alleles, Fig.2) in residues considered
crucial for this extensive interaction. Therefore, the
homodimerisation of DQof3 heterodimers in the
a2p2 domain is expected to be promoted by the spe-
cific interactions of the same residues, with no differ-
ences between susceptible and resistant DQ mole-
cules, just as in DR1.

The CD4 binding area and the Arg-Gly-Asp loop. The
CD4 binding area is formed by the homodimerisation
of DQ molecules (2 of one DQ heterodimer and a2
of another DQ heterodimer), and has been shown in
DR to be composed of the sequence [3134-148 and
several residues on the a chain apposed to this se-
quence (with a mark under each residue, in Figures 2
and 3; [19, 33, 34]). There are two symmetrical CD4-
binding areas in each homodimer of off heterodi-
mers ([19] and Fig.1). Of the residues shown as cru-
cial for CD4 binding to HLLA-DR}, by site-directed
mutagenesis ($137Glu, 142Val, 143Val, [33]), all re-
main invariant in the known DQB alleles. The effect
of the three-four substitutions in the DQP134-148
stretch (Fig.3) on CD4 binding cannot be evaluated.
Likewise, nothing can be stated about the two substi-
tutions in the apposing residues from the o chain of
the other heterodimer (130Pro — Ser and 175Glu
— Gln or Lys, in all but one allele). We cannot dis-
cern any obvious structural difference in this region
between DQ alleles conferring susceptibility or resis-
tance to IDDM.

The Arg-Gly-Asp loop is present in six of seven al-
leles susceptible to IDDM (but unknown in the se-
venth, DQB1*0401), as well as the protective allele
DQB1*0602, but it is missing (DQB1*0301,
DQB1#0601) or not known (DQB1*0603) for the
other three protective alleles.

Discussion

The various structural features of modelled DQ mo-
lecules are well segregated between the resistant and
the susceptible alleles to IDDM, with the exception
of DQB1*0301 (Table3). The antigen-binding
groove has a distinctly different first pocket in suscep-
tible DQ molecules (hydrophilic and shallow) com-
pared to that of resistant molecules. The latter group
also has aspartate in position (357, a residue that our
modelling studies show as crucial in maintaining a
salt bridge with DQa79Arg. This Asp-Arg pair is cru-
cially situated to also form hydrogen bonds with the
proximal amide nitrogen and carbonyl oxygen of the

bound antigenic peptide in the manner shown for
DR1 [18]. A recent very detailed study of the bind-
ing affinities of several DR molecules to given anti-
genic peptides has shown that a B57Asp — Ser substi-
tution (DRB1*0401 — 0405) leads to a decrease in
the affinity of the peptide by three orders of magni-
tude [20]. The pocket motif for DQ antigen
A1*0501/B*0301 (protective with respect to IDDM)
has been determined by pool sequencing. It was
shown that anchoring exists in relative positions 1, 5,
and 7 of the peptide, with at least five residues pre-
ceeding the aminoacid in relative position 1 [24]. We
interpret this relative position 1 as the anchoring resi-
due for pocket 2. The clustering of aromatic and
bulky aliphatic aminoacids in this position [24] is con-
sistent with the character of this pocket in this DQ al-
lele, as shown by our modelling. Furthermore, in rela-
tive position —2, the authors found a nest of polar or
charged residues (Asp, Lys, Glu, Asn and Gin),
which is also consistent with our modelling for the
first pocket for this antigen.

We are fortunate to have a protective (DQA1
*0501/DQB1*0301) and a susceptible (DQA1*0501/
DQB1*0302) molecule sharing the same o chain and
differing in the f1 domain in four residues only (Ta-
ble 1 and Fig.3). Three of the four substitutions are
in the antigen-binding groove (f13Ala — Gly,
26Tyr — Leu, 57Asp — Ala). The residues in P13
and 57 participate in the formation of the second
and fifth pockets, respectively. The substitution of
alanine for aspartate in position §57 removes a
source of stability in peptide-MHC II and o-f inter-
chain interactions [20]. It is also expected to alter the
affinity of the DQ molecule for the bound antigenic
peptide, as discussed above. Thus, the fine structure
of the peptide-binding groove in this region is also
changed, leading to further changes in the binding af-
finity of the putative diabetogenic peptide(s). The
fourth substitution 345Glu — Gly is in a position not
directly in contact with the antigenic peptide. How-
ever, this glutamate residue is considered essential
for the maintenance of a negative electrostatic poten-
tial on the surface of this specific DQ molecule [35].
Its conversion to glycine in DQB1*0302, changes
this potential towards substantially more positive va-
lues [35]. This very large change in the potential will
affect the binding affinities of a given antigenic pep-
tide for these two DQ alleles. Therefore, the four
aminoacid substitutions in toto signify a change in
the affinity of the DQ molecule to the diabetogenic
peptide(s). A calculation of the electrostatic surface
potential of various DQ alleles has shown that DQ
molecules susceptible to IDDM have a significantly
more positive potential than the resistant molecules
[35, 36]. This finding is complementary to our results
of distinct differences in the first pocket and the pre-
sence of aspartate B57 in resistant molecules. It
shows that the susceptible DQ molecules will have a



1258 J. Routsias, G.K. Papadopoulos: DQ structural features and IDDM

Table 2. Structural features of DQ molecules

Domain Features Character DQ alleles
Susceptible Resistant
alpl Antigen-binding groove Polymorphic
First residue binding pocket Dimorphic, hydrophilic, Hydrophilic Amphiphilic*
or amphiphilic
Residue at 857 Polymorphic 4/7 Ala, 3/7 Asp 4/4 Asp
B49-55 dimerisation patch Polymorphic, very hydro-  very hydrophobic (5/7) Hydrophilic® thus
phobic, or amphiphilic®, or amphiphilic (2/7) dimer non-formers
or hydrophilic® thus dimer formers
0242 CD4 binding region 134-148 No discernible
and several residues from differences
the apposed a chain
B167-169 RGD loop probably involved in cell 6/7 posses loop 2/4 do not have loop

adhesion

1/7 unknown sequence 1/4 unknown sequence

2 DQB1*0301 allele though in the resistant category has the characteristics of the susceptible alleles in this respect

b Both are positively charged

Table 3. Structural features of DQ molecules resistant to IDDM

DQA,B First pocket P57 Asp p49-56 dimerisation patch B167-169 RGD loop
0102, 0602 amphiphilic present hydrophilic and charged present

0103, 0603 amphiphilic present hydrophilic and charged unknown sequence
0103, 0601 amphiphilic present hydrophilic and charged absent

0501, 0301 hydrophilic present hydrophobic absent

lower affinity, according to our reasoning, for the dia-
betogenic peptide(s) than the resistant molecules.

The difficulty of homodimerisation by resistant
DQ molecules (hydrophilic and positively-charged
[49-56 dimerisation patch) means that in case any
cognate T-cell clones exist in the periphery, their acti-
vation upon recognition of resistant DQ molecule
complexed with a diabetogenic peptide would be dif-
ficult. By contrast, susceptible DQ molecules, can
form homodimers with great ease, so when com-
plexed with diabetogenic peptide(s), they could lead
to the activation of cognate CD4" T-cell clones. DQ
molecules that show difficulty of homodimerisation
would not however signify a generalised immune de-
ficiency of the host in the homozygous state. Of the
three human class I MHC loci, DR is constitutively
expressed in antigen-presenting cells. Since the 49—
56 dimerisation patch is monomorphic in all DR al-
leles, the latter can form homodimers after cognate
T-cell receptor recognition and binding.

The Arg-Gly-Asp loop, present in all the suscepti-
ble DQ molecules with known sequences in the re-
gion, probably functions in cell adhesion as in other
integral membrane proteins and proteins of the extra-
cellular matrix involved in such function [37-41]. This
is a totally novel function for DQ molecules that re-
quires further investigation.

A scheme where the three structural features of
the DQ molecules are shown to participate in the

fashionning of the immune response by these mole-
cules is shown in Figure 4. These features segregate
in the two phenotypes of the susceptible and resis-
tant DQ alleles for IDDM (Table 3). All susceptible
alleles have: 1) a hydrophilic and rather shallow first
pocket, 2) a hydrophobic or amphiphilic $49-56 di-
merisation patch, presumed to lead to spontaneous
or T-cell receptor-induced homodimerisation and
CD4 binding, and 3) the Arg-Gly-Asp loop, suppo-
sedly participating in cell adhesion. The difference in
the physicochemical properties of the antigen-bind-
ing groove of susceptible and resistant DQ alleles
(as exemplified by the amphiphilic first pocket and
presence of aspartate in B57 in resistant alleles)
would translate into different affinities for given dia-
betogenic peptide(s). Such differences would certain-
ly play a role both in the ontogenesis of the immune
system and in the mounting of a specific DQ-restric-
ted immune response in the mature organism. In-
deed, the human embryonic thymus is very rich in
DQ molecules that probably function as restriction
elements [42]. Therefore, the CD4* T-cell clones re-
cognising the thymus-resistant DQ molecules that
have very tightly bound diabetogenic peptides,
would be eliminated [43]. By contrast, CD4* T cells
recognising the combination of susceptible DQ mole-
cules and diabetogenic peptides, (that a priori are not
tightly bound), would mature in the thymus [44]. In
the heterozygous state the higher affinity of the resis-
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Fig.4 (A, B) Putative mechanism of susceptibility to and pro-
tection from IDDM as it emerges from the study of the struc-
tural features of the respective alleles. A. Susceptibility arises
because under proper environmental stimulation susceptible
DQ molecules can present diabetogenic peptide(s) to cognate
T-cell clones. Such clones must have not been deleted in the
thymus during ontogeny. The peptides are shown as wavy
lines through the alffl domain of DQ with a perpendicular
projection signifying the anchor residue in the anchor pocket.
The (49-56 dimerisation patch is depicted as the dotted cor-
ner in the alPfl domain. In one category, (DQA1*0301/
DQB1*0401 and DQA1*0301/DQB1*0402) the amphiphilici-
ty of the p49-56 dimerisation patch and the recognition by cog-
nate T-cell receptor molecules is postulated to overcome the
repulsion of arginines. CD3 stands for the several invariant
chains of the T-cell receptor. RGD-L is the unknown RGD li-
gand postulated as necessary for DQ-restricted T-cell clone ac-
tivation. B. Protection arises from the tight binding of diabeto-
genic peptides by DQ molecules in the thymus that leads to
elimination of the respective T-cell clones. Any diabetogenic
clones that escape from the thymus will be in permanent sup-
pression because of the difficulty of dimerisation or absence
of the RGD loop (left). In heterozygous individuals the trap-
ping of the diabetogenic peptides by the resistant DQ mole-
cules does not leave sufficient quantity of antigen for trapping
and presentation by the susceptible DQ molecules. Conse-
quently, existing cognate diabetogenic T-cell clones cannot be
activated (right). Most of the elements in the mode of depic-
tion of the DQ molecules and the T-cell receptor are taken
from published data [19] with the permission of the publisher
and the authors

tant DQ molecules for diabetogenic peptide(s) would
not leave a sufficient quantity of antigen for presenta-
tion in combination with susceptible DQ molecules in
the thymus. Thus, few if any diabetogenic CD4* T
cells would be selected for export.

In the periphery, the susceptible DQ molecules ex-
pressed under proper stimulation on antigen-present-

ing cells could bind to diabetogenic peptide(s) and
present such complexes to cognate CD4* T cells.
The ensuing immune reaction could be one of the
first steps leading to IDDM. The dominant effect of
protective DQ molecules could be exercised in the
periphery in the same manner as in the thymus, in ac-
cordance with Nepom’s hypothesis [12] (Fig.4). The
difference in the physicochemical character of the an-
tigen-binding groove, assures a preferential affinity
for the diabetogenic peptide(s) by the resistant DQ
molecules. The difficulty of dimerisation by the resis-
tant molecules ensures that even though the antigen
has been trapped, the activation of the cognate T-
cell clones that might have escaped elimination in
the thymus, would be very difficult. The allele
DQA1*0501/DQB1*0301 is resistant yet possesses
the first pocket and $49-56 dimerisation domain of
the susceptible molecules. However, as discussed
above, its antigen-binding groove also has character-
istics of resistant DQ molecules (presence of B57Asp
overall negative electrostatic potential). Also, it
lacks the Arg-Gly-Asp loop and probably cannot
fully activate any cognate diabetogenic T-cell clones
in the periphery. Furthermore, in one recent study
[45] it has been classified as neutral with respect to
susceptibility to IDDM.

The identification of diabetogenic peptide(s)
would allow a study of their interaction with the sus-
ceptible and resistant DQ molecules. Such interac-
tions can be studied in molecular dynamics simula-
tions, as have already been performed with certain
mouse MHC class I molecules and well-binding pep-
tides [46], or in binding experiments to isolated DQ
molecules in a manner similar to that performed for
various DR alleles [20], or by isolating biochemically
the spectrum of peptides that bind to the antigen-
binding groove of DQ molecules (already reported
for DQ7 [24]). We are currently pursuing the first ap-
proach with the peptides isolated and sequenced
from DQ7 [24]. The recent identification of several
diabetogenic peptides in the nonobese diabetic
mouse [47, 48] from the autoantigen of glutamic acid
decarboxylase [49] can also be used as a test case.

It should be noted that in offering an explanation
for the involvement of DQ molecules in the patho-
genesis or protection from IDDM, based on model-
led structural features, this study takes no account of
the polymorphisms of DQ molecules in the intracel-
lular aminoacid sequences that participate in signal
transduction [50], or the possible differences in the le-
vel of expression of various DQ alleles. It has long
been known that the first intervening sequence in
DQOB from diabetic patients is different from that of
normal HLA-DR matched control subjects [3, 4, 51].
Also, a wealth of regulatory sequences has been un-
covered in the DQB and DQA genes [52, 53], with
no inkling as to their possible significance in the path-
ogenesis of this disease. This study points to several
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important structural features of the extracellular do-
mains of DQ molecules that have quite different
characters between susceptible and resistant alleles;
these differences are suggestive of mechanisms of
susceptibility to and protection from IDDM. While
the intracellular domain of DQ molecules and regula-
tory regions of their genes may also contribute to the
susceptibility and resistance to IDDM, the scheme
outlined here already segregates these two groups of
alleles.

Recently the DQ locus has also been linked to sev-
eral other autoimmune diseases (e. g. multiple sclero-
sis [13, 54] and coeliac disease [13, 55]). One allele
conferring protection from IDDM (DQA1*0102/
DQB1*0602) confers susceptibility to multiple
sclerosis [54]. While no explanation is readily avail-
able for this paradox, we should note that the mode
of pathogenesis of each autoimmune disease is differ-
ent from the others, as exemplitied by probable parti-
cipation of different environmental agents, the differ-
ent autoantigen(s) involved, and the different target
organ(s), and course of pathogenesis in each case.
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