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The structural and functional properties of HLA-DQ and -DR
molecules that confer susceptibility to several common
autoimmune diseases, such as type 1 diabetes, rheumatoid
arthritis and multiple sclerosis, have been defined. The relevant
polymorphisms directly affect interaction with peptides, which
provides strong support for the hypothesis that these diseases
are peptide-antigen driven. Several studies indicate that
structural modifications of peptides can affect MHC class II
binding and/or TCR recognition and should be considered in
the analysis of T cell responses in autoimmune diseases. 
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Abbreviations
APC antigen-presenting cell
GAD glutamic acid decarboxylase
HEL hen egg lysozyme
MBP myelin basic protein
MS multiple sclerosis
NOD nonobese diabetic
PAD peptidylarginine deiminase
RA rheumatoid arthritis

Introduction
The MHC, on human chromosome 6p21, is a principal 
susceptibility locus for many human autoimmune diseases.
Susceptibility to a number of these diseases, including
rheumatoid arthritis (RA), multiple sclerosis (MS) and type 1
diabetes, is associated with particular alleles of HLA-DR
and/or -DQ genes, providing strong evidence for a significant
role of MHC class II restricted antigen presentation in these
disease processes [1–3]. In several DR-associated autoimmune
diseases it has been possible to define structural features of the
relevant MHC class II molecules that determine their interac-
tion with peptides. For example, susceptibility to RA is
associated with the ‘shared epitope’, a segment of the DRβ
chain (β67–β74) that is very similar in sequence among the
disease-associated subtypes of DR4 (DRB1*0401 and 0404)
and DR1 (DRB1*0101) [4]. In structural terms, this shared
epitope primarily defines the shape and charge of the P4 
pocket [4–6]. The P4 pocket has a positive charge in the 
RA-associated DR1 and DR4 subtypes, but a negative charge
in a DR4 subtype (DRB1*0402) that is associated with 
susceptibility to pemphigus vulgaris (PV), an autoimmune
disease of the skin. Susceptibility to RA or PV is therefore
dependent on the structural properties of a key pocket of the
DR peptide-binding site [3–7]. The analysis of DR molecules

in autoimmune diseases has therefore greatly benefited from
the crystal structure of HLA-DR1, which allowed analysis of
such polymorphisms in structural terms [8].

This review focuses on recent progress on the structure
and function of DQ molecules in the pathogenesis of
type 1 diabetes and celiac disease. In addition, the emerg-
ing role of enzymatic modifications of target antigens will
be discussed, with an emphasis on the role of modified
antigens in human diseases.

The structure of human and murine MHC
class II molecules in type 1 diabetes
HLA-DQ molecules are important in the pathogenesis of
type 1 diabetes and celiac disease, but until recently no
crystal structure of DQ was available. In addition, the 
interaction of peptides with DQ molecules has been more
difficult to define than for DR molecules. DR-binding pep-
tides have a prominent anchor residue for the hydrophobic
P1 pocket and this pocket has limited variability among DR
molecules [8,9]. In contrast, both DQα and β chains are
highly polymorphic, which made it more difficult to deter-
mine the ‘binding frame’ of peptides for DQ molecules
based on an unambiguously defined anchor residue. 

The highest risk for type 1 diabetes is conferred by alleles
of DQ genes that encode DQ8 (DQA1*0301, DQB1*0302)
and DQ2 (DQA1*0501, DQB1*0201) [1,2,10]. These
MHC class II molecules are thought to be important in the
T cell mediated autoimmune response that results in
destruction of insulin-producing β cells in the pancreas.
Susceptibility to type 1 diabetes has been correlated with
the β57 polymorphism in DQ in humans and I-A in
nonobese diabetic (NOD) mice [1,2,10,11], indicating that
certain structural features of these MHC class II molecules
could be important in antigen presentation.

DQ8 was crystallized with a peptide from human insulin
(B chain, residues 9–23) that represents a prominent T cell
epitope for islet-infiltrating CD4+ T cells in NOD mice
[12•,13]. In addition, an epitope for CD8+ T cells (residues
15–23) from NOD mice is contained within the same 
segment of the insulin B chain [14]. Recently, a T cell
response to the insulin B (9–23) peptide has been 
documented in patients with recent onset of type 1 diabetes
and in prediabetics [15]. The insulin B (9–23) peptide
binds with high affinity to DQ8 and the complex has a long
half-life (t1/2 >72 hours) [16]. The crystal structure demon-
strates particular features of DQ8 that allow presentation
of this insulin peptide. Three side-chains of the insulin
peptide are buried in deep pockets of the DQ8 binding
site, and two of these peptide residues carry a negative
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charge (glutamic acid at P1 and P9). A tyrosine residue is
bound in the P4 pocket, which is very deep and hydro-
phobic (Figure 1) [12•]. The observation that acidic
residues can be accommodated in two pockets of DQ8 has
implications for the pathogenesis of type 1 diabetes and
celiac disease, as discussed below. 

Particularly important are the structural features of the P9
pocket of DQ8, which is in part shaped by residue β57. Both
DQ8 and DQ2 carry an alanine at β57, rather than an aspartic
acid residue observed in alleles that do not confer susceptibil-
ity to type 1 diabetes (Figure 1b,d) [1,2,10]. In MHC class II
molecules with aspartic acid at this position, the P9 pocket is
electrostatically neutral since aspartic acid at β57 forms a salt
bridge with arginine at α76 (as shown in Figure 1c for DR1)
[8]; in contrast, the P9 pocket of DQ8 has a positive charge
(blue color in Figure 1a), due to the absence of a negatively
charged residue at β57. In the DQ8−insulin-peptide complex,
a salt bridge is instead formed between the glutamic acid side-
chain of the peptide and arginine at α76 (Figure 1b) [12•]. The
formation of a salt bridge between the peptide and α76
accounts for the observed preference of the P9 pocket of DQ8
for negatively charged amino acids, and may contribute to the
long half-life of the insulin peptide with DQ8 [16]. However,
it is important to note that other residues can also be accom-
modated in the P9 pocket of DQ8, albeit with a reduced
affinity [16–18]. In contrast, negatively charged peptide
residues are strongly disfavored in the P9 pocket of MHC class
II molecules with an aspartic acid at β57. 

The crystal structure of I-Ag7, the MHC class II molecule
that confers susceptibility to diabetes in NOD mice, has also
been determined, allowing direct structural comparison of
these diabetes-associated MHC molecules [11,19,20•,21•].
An important similarity between these structures is that the
P9 pocket of both DQ8 and I-Ag7 is basic [12•,20•,21•].
Peptide-binding studies demonstrated that the P9 pocket of
I-Ag7 has a preference for negatively charged residues, as
observed for DQ8 [22–24]. In the complex of I-Ag7 with
peptide from glutamic acid decarboxylase (GAD), a 
glutamic acid side-chain occupies the P9 pocket and forms
hydrogen bonds with arginine at α76 and serine at β57
(Figure 1d). Despite these important similarities, most of
the polymorphic residues that shape the P9 pocket actually
differ between DQ8 and I-Ag7, including residues β55–β57
(Pro−Pro−Ala in DQ8 and Arg−His−Ser in I-Ag7, as shown in
Figure 1b,d) [12•,20•,21•]. The difference in the residues
that shape the P9 pocket indicates that the alleles that
encode the β chain of the diabetes-associated DQ and I-A
molecules evolved independently from each other [12•].

Due to the structural similarities, DQ8 and I-Ag7 can present
the same peptides [16]. The majority of peptides that were
identified as T cell epitopes of insulin, GAD65 and heat
shock protein 60 (HSP60) in NOD mice also bind to DQ8
[13,16,25,26]. As discussed above, the P9 pocket of DQ8
and I-Ag7 has a preference for negatively charged residues
and, in addition, the P4 pocket of both molecules is large
and hydrophobic. Differences are observed in the detailed

Figure 1

Disease-associated polymorphisms determine
the interaction of MHC class II molecules with
peptides. (a) Crystal structure of the complex
of HLA-DQ8 and the human insulin peptide
(B chain, residues 9−23; shown as a stick
structure). Peptide side-chains P1 Glu, P4 Tyr
and P9 Glu are buried in deep pockets,
whereas P6 Val and P7 Cys lie on shelf-like
surfaces. The P4 pocket of DQ8 is nonpolar
(white), whereas the P9 pocket is positively
charged (blue); negative charges are indicated
in red. Negatively charged peptide side-chains
of the insulin peptide (glutamic acid) serve as
anchor residues for both the P1 and the P9
pocket. (b–d) Views from the carboxy-terminal
end of the peptide (equivalent to the right-end
of part [a]); class II β chain helix residues
55–57 are shown on the left of (b–d), class II α
chain residue 76 is shown at the bottom right
and peptide P9 residues are shown shown at
the upper right. (c) In MHC class II molecules
that carry aspartic acid at β57, such as DR1,
a salt bridge is formed between β57 Asp and
α76 Arg. Due to the salt bridge between β57
Asp and α76 Arg, the P9 pocket of DR1 is
electrostatically neutral. In the crystal structure
of DR1, a hydrophobic peptide side-chain (Leu)
of the influenza HA peptide occupies the P9
pocket. (b) In DQ8, β57 is an alanine and a salt
bridge is instead formed between P9 Glu of

the insulin B (9–23) peptide and α76 Arg.
(d) In the crystal structure of I-Ag7 with the
GAD (206–220) peptide, P9 Glu of the GAD
peptide forms hydrogen bonds with β57 Ser

and α76 Arg. DQ8 differs from I-Ag7 at β chain
residues 55–57 (Pro–Pro–Ala in DQ8;
Arg–His–Ser in I-Ag7). Reproduced, with
permission, from [12•]. 
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architecture of the P1 pocket, which can accommodate a
number of different amino acid side-chains in both DQ8 and
I-Ag7. The structural data suggest that the insulin B (9–23)
peptide could bind to I-Ag7 with the same anchor residues
in the P1, P4 and P9 pockets as observed for DQ8 [12•],
even though the I-Ag7−insulin-peptide complex has a short-
er half-life than the DQ8−insulin-peptide complex [16].
The GAD65 (206–220) peptide that is immunodominant in
NOD mice binds with high affinity to both I-Ag7 and DQ8
[16,24]. The crystal structure of I-Ag7 was determined with
this GAD65 peptide and available motif data indicate that
the same residues (P1 Ile, P4 Val and P9 Glu) are likely to
represent anchors for binding to DQ8. 

The crystal structures demonstrate that β57, a key poly-
morphic residue, directly affects the interaction of these
MHC class II molecules with peptides. The structural and
functional similarities between DQ8 and I-Ag7 suggest that
similar antigen-presentation events are involved in the
development of type 1 diabetes in humans and in NOD
mice [12•].

Presentation of deamidated gliadin peptides
by DQ8 and DQ2 in celiac disease
Susceptibility to celiac disease, a relatively common
inflammatory disease of the small intestine, is associated
with the same MHC class II molecules — DQ2 and DQ8
— that confer susceptibility to type 1 diabetes. The major-
ity of patients with celiac disease express DQ2 (>90% in
most ethnic groups) and/or DQ8 [27]. Celiac disease is one
of the few HLA-associated diseases in which the critical
antigen is known. The disease is caused by ingestion of
cereal proteins, in particular wheat gliadins, and removal of
these proteins from the diet results in clinical remission
[28]. Celiac disease is much more prevalent in patients
with type 1 diabetes (there is an incidence of 7.7%–8.7% of
biopsy-confirmed cases) than in the general population
(incidence of 0.2%−0.5%). Antibodies to transglutaminase,
a marker for celiac disease, are particularly common in
type 1 diabetics who are homozygous for DQ2 (32.4% of
patients are antibody positive) [29,30]. The increased risk
for celiac disease in patients with type 1 diabetes is, at least
in part, due to the shared MHC class II genes.

T cell clones specific for gliadins have been isolated from
intestinal biopsies of patients with celiac disease and these
T cell clones are DQ2- or DQ8-restricted and proliferate in
response to gliadins that have been proteolytically cleaved by
pepsin or chymotrypsin [31–33,34•]. Patients with celiac dis-
ease also develop antibodies to tissue transglutaminase, an
enzyme in the intestinal mucosa that can deamidate 
glutamine residues to glutamic acid when limiting amounts of
primary amines are present. The enzyme also catalyzes selec-
tive cross-linking of proteins between glutamine and lysine
residues. Gliadins are very rich in glutamine and proline
residues, and treatment of gliadin with transglutaminase dra-
matically increases its stimulatory activity in T cell assays, both
for DQ2- and DQ8-restricted T cell clones. These findings

indicate that transglutaminase converts certain glutamine
residues of gliadin to glutamic acid [32,33]. 

A DQ8-restricted T cell epitope of gliadin was mapped to
residues 206–217 within a natural pepsin fragment using
T cell clones isolated from intestinal biopsies of two patients
[31]. Mass-spectrometric analysis of proteolytic gliadin 
fragments treated with transglutaminase demonstrated
deamidation of glutamine 208 and 216. Synthetic peptides in
which one or both of these residues were replaced by 
glutamic acid had a greatly increased stimulatory capacity for
these DQ8-restricted T cell clones (Figure 2b, underlined).
The two glutamine/glutamic-acid residues are spaced such
that they could represent P1 and P9 anchors of the peptide,
which would place phenylalanine 211 in the P4 pocket [35].
When both glutamines are converted to glutamic acid, this
gliadin peptide therefore has DQ8 anchors that are strikingly
similar to the insulin B (9–23) peptide: glutamic acid at P1 and
P9, and an aromatic residue (phenylalanine instead of tyro-
sine) at P4 (Figure 3a). This binding mode has been modeled
using these residues as P1, P4 and P9 anchors for DQ8, and is
also consistent with the structure of DQ8 [12•,35]. 

Conversion of a single glutamine to glutamic acid (residue 65)
is critical for the DQ2-restricted T cell response to gliadin
[34•,36•]. This gliadin segment (residues 57–75) contains two
overlapping T cell epitopes, residues 57–68 and 62–75, 
centered around residue 65 (Figure 2c). For both peptides,
conversion of glutamine 65 to glutamic acid greatly increases
the stimulatory capacity for DQ2-restricted T cell clones isolat-
ed from the intestine. Peptide-binding studies demonstrated
enhanced binding of peptides 57–68 and 62–75 to DQ2 when
glutamine 65 was replaced by glutamic acid [34•]. 

The sequence of DQ2 indicates similarities to DQ8 in the
P1 and P9 pockets. The P9 pocket may be larger in DQ2
than in DQ8, due to substitution of β37 by isoleucine (tyro-
sine in DQ8) [12•]. Position 71 of the DQβ chain is a lysine
in DQ2 (threonine in DQ8), which introduces a positive
charge into the P4 pocket. This polymorphic residue may
also influence the charge of the P7 pocket of DQ2, which
appears to have a preference for negatively charged residues
[37–39]. Since at least two pockets of the DQ2 binding site
can accommodate a glutamic acid residue, deamidation of a
single glutamine (residue 65) allows binding of the gliadin
peptide in two different binding registers, which are recog-
nized by different T cell clones. For a different T cell
epitope derived from γ-gliadin, deamidation of two gluta-
mine residues at P7 and P9 greatly increased DQ2 binding
and T cell stimulatory activity [39]. Another study indicated
that the P9 pocket of DQ2 could accommodate bulky
hydrophobic residues [40]. Certain hydrophobic residues
can also be bound in the P9 pocket of DQ8 and I-Ag7, but
with reduced affinity [18,23]. As discussed above, the ‘bind-
ing frame’ of peptides for DQ molecules can be difficult to
determine, and further work will be required to fully define
the DQ2 binding motif and the precise positioning of criti-
cal deamidated residues of gliadin in the DQ2 binding site. 
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Why is susceptibility to celiac disease associated with DQ2
and DQ8? Both MHC class II molecules can accommodate
negatively charged amino acids as anchor residues, as
shown for DQ8 in the structure with the insulin B (9–23)
peptide. Deamidation of critical glutamine residues in
gliadin creates glutamic acid residues that can serve as
anchors for binding to DQ2 or DQ8. The example of the
DQ8-restricted gliadin peptide illustrates structural 
features of a MHC class II molecule relevant for antigen
presentation in this disease.

The potential relevance of peptide modifications
in T cell mediated immune responses
The studies on celiac disease illustrate that it is relevant to
consider potential structural modifications of peptides that
could affect binding of peptides to disease-associated
MHC class II molecules and/or TCR recognition. Of 
particular interest are modifications that change the charge
properties of a peptide, such as deamidation of glutamine
to glutamic acid or asparagine to aspartic acid (gain of a
negative charge), and deimidation of arginine to citrulline
(loss of a positive charge) (Figures 3 and 4). 

Such modifications can occur at peptide residues that are
important for TCR recognition. The effect of peptide
modification on TCR recognition has been defined in

detail for I-Ak-restricted T cell hybridomas reactive with
an immunodominant peptide of hen egg lysozyme (HEL)
(Figure 3b) [41•]. The majority of T cells from peptide-
immunized mice do not secrete IL-2 in response to
antigen-presenting cells (APCs) pulsed with the HEL pro-
tein. However, these T cells respond to APCs pulsed with
trypsin-digested HEL, as well as APCs pulsed with HEL
peptides eluted from I-Ak molecules, indicating TCR
recognition of a structurally modified peptide [42,43].

In the crystal structure of the HEL peptide bound to I-Ak,
asparagine 59 is located at the P8 position and is therefore
available for TCR recognition [44] (Figure 3b). Mass-
spectrometric analysis of the HEL peptide demonstrated
spontaneous deamidation of asparagine 59 to aspartic acid
following prolonged incubation at 37°C at a neutral pH
[41•]. This type of asparagine deamidation is the most
common nonenzymatic protein modification that occurs
under physiological conditions [45]. The T cell hybrido-
mas responded vigorously to a HEL peptide in which
position 59 was substituted by aspartic acid. Deamidation
of this residue is dependent on its position within the
three-dimensional structure since deamidation was not
observed in lysozyme, but  was observed when the peptide
was placed in a surface-exposed loop of a recombinant
antibody [41•]. In celiac disease, the three-dimensional

Figure 2

Peptides presented by DQ8 and DQ2. (a) The insulin B chain (9–23)
and GAD65 (206–220) peptides are immunodominant T cell epitopes
for I-Ag7-restricted T cells in NOD mice [13,25,26]. Both peptides bind
to DQ8 with high affinity [16]; the P1 and P9 anchors of the insulin
peptide are highlighted in red. Available motif data indicate that a
glutamic acid residue (E, highlighted in red) of the GAD (206–220)
peptide occupies the P9 pocket of DQ8. (b) Deamidation of gliadin
peptides is important in the pathogenesis of celiac disease. In the
gliadin (206–217) peptide presented by DQ8, two glutamine residues
can be modified by transglutaminase to glutamic acid (E, underlined)
[33]. When glutamic acid is present at both positions, the peptide has
DQ8 anchor residues that are similar to the insulin B (9–23) peptide.
(c) In the gliadin peptides presented by DQ2, conversion of a single
glutamine to glutamic acid (E, underlined) increases the affinity for
DQ2. Two overlapping peptides of gliadin (residues 57–68 and
62–75) are recognized by different T cell clones [34•].
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Figure 3

Structural modifications of peptides that can enhance MHC binding or
alter TCR recognition. (a) Deamidation of glutamine residues (Q, blue)
in the gliadin (206–217) peptide by transglutaminase creates a
peptide with an increased affinity for DQ8 (also see Figure 2b) [33].
The peptide in which both glutamine residues have been modified to
glutamic acid (E, red) has P1, P4 and P9 anchors that are similar to
the insulin B (9–23) peptide. (b) Spontaneous deamidation of an
asparagine (N, blue) residue in an immunodominant epitope of HEL
peptide affects TCR recognition [41•]. This residue is located at the
P8 position and can therefore interact with the TCR [44]. Deamidation
is dependent on the primary sequence and the position of the
asparagine in the three-dimensional structure of the protein. It is
promoted by prolonged incubation at 37oC, an elevated temperature
or a low pH and introduces a negative charge (D, red) at this TCR-
contact residue.
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structure of gliadin may also be responsible for the prefer-
ential deamidation of certain glutamine residues, such as
glutamine 65, by transglutaminase. 

Modifications of autoantigens implicated in
rheumatoid arthritis and multiple sclerosis
The charge properties of a protein or peptide can also be
drastically altered by deimidation of arginine to citrulline,
which eliminates the positive charge of the arginine head-
group (Figure 4c). Recent work in RA indicates that
autoantibodies in this autoimmune disease are directed
against citrullinated peptides. Antibodies to citrullinated
peptides appear to be quite specific for RA and are not
found in patients with other rheumatic diseases [46]. In
contrast, other autoantibodies identified in RA patients,
such as rheumatoid factor, are not specific for this disease.
The antibodies were first identified using filaggrin, a pro-
tein produced during the late stages of differentiation of
epithelial cells. Filaggrin is released from profilaggrin by
proteolytic cleavage and at this stage the protein is dephos-
phorylated and ~20% of arginine residues are converted to
citrulline by peptidylarginine deiminase (PAD). The anti-
bodies recognize the acidic/neutral isoforms of filaggrin,
which suggested that citrullination could be critical for
autoantibody binding. Antibody-binding to peptides from
the carboxy-terminal segment of filaggrin is observed
when one or multiple arginine residue(s) is (are) substituted
by citrulline [46].

Since filaggrin is present in squamous epithelia, but appar-
ently not in joints, efforts have been made to identify joint
proteins modified in this fashion. Histological analysis of
rheumatoid synovial membranes with a monoclonal anti-
body to citrulline showed strong labeling of intracellular

proteins and extracellular protein deposits. Amino-terminal
sequencing identified deimidated forms of the α and
β chains of fibrin as abundant deimidated proteins deposited
in joints [47•]. Histological identification of intracellular
deimidated proteins suggests that other deimidated proteins
may also be present at this inflammatory site. Susceptibility
to RA is strongly associated with DR4 and DR1 [4–6], but it
is not yet known whether these MHC molecules present
deimidated peptides to relevant T cell populations.

A PAD enzyme is also found in the central nervous system
and subcellular fractionation has demonstrated that it is
localized in the myelin fraction [48]. The enzyme can
modify selected arginine residues in myelin basic protein
(MBP), an abundant myelin antigen that represents one of
the candidate target antigens in MS. Up to six arginine
residues of MBP can be selectively citrullinated, resulting
in a loss of six positive charges in the MBP isomer that is
least cationic (termed MBP-C8). MBP-C8 induces EAE (a
model for MS) in Lewis rats, like the most cationic isomer
(termed MBP-C1). Citrullination modified the T cell 
epitope specificity since a T cell line from Lewis rats
immunized with MBP-C8 showed only a minimal response
to the peptide that is immunodominant for T cells from
MBP-C1-immunized rats [49]. T cells specific for MBP-C8
have been identified in patients with MS [50] and a higher
frequency of T cells reactive with MBP-C8 has been
detected in patients with MS than in control subjects [51]. 

Implications of peptide modifications for 
T cell tolerance
Certain splice variants of the Golli-MBP and proteolipid
protein (PLP) genes are expressed in the thymus and other
lymphoid structures, which may result in T cell tolerance

Figure 4

Structural modifications of peptides and
proteins. Deamidation of (a) glutamine or
(b) asparagine adds a negative charge,
whereas (c) deimidation of arginine to
citrulline results in loss of a positive charge.
Deamidation of gliadin is critical in celiac
disease and increases binding of peptides
from gliadin to the disease-associated DQ2
and DQ8 molecules [32,33]. Antibodies to
citrullinated proteins (filaggrin, and fibrin α
and β) are found in patients with RA and
antibodies to citrulline stain cells and
extracellular protein deposits in sections from
inflamed joints [46,47•]. PAD is also present
in the myelin and can modify up to 6 of the 19
arginine residues in MBP, one of the
candidate antigens for T cells in MS [48–51].
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to certain epitopes of these antigens [52–54]. T cells are
not tolerant to segments of myelin proteins that are not
expressed in the thymus due to alternative splicing, such
as the immunodominant PLP (139–151) peptide in SJL
mice [53,54], and may also not be tolerant to modifications
of myelin proteins that are introduced only in the nervous
system. Similarly, modifications that are preferentially 
produced at a site of chronic inflammation could create
structural variants of peptides to which T cells are not 
tolerant or only partially tolerant. 

Further investigation of these and other post-translational
modifications (i.e. oxidation of cysteine or methionine) will
require suitable experimental approaches. For example,
modifications introduced by specific enzymes could be
investigated by treatment of native or recombinant 
proteins with the relevant enzyme, such as PAD. Mapping
of epitopes with synthetic peptides could be accomplished
by use of modified residues in the synthesis (i.e. citrulline)
or by enzymatic modification of peptides (i.e. with PAD)
following synthesis. 

Conclusions
The crystal structures of HLA-DR and -DQ molecules, as
well as their murine homologs, provide a structural frame-
work for analyzing the functional properties of these MHC
molecules in autoimmune processes. DQ8, which confers
susceptibility to type 1 diabetes and celiac disease, can
accommodate negatively charged peptide side-chains in
the basic P9 pocket, as well as in the P1 pocket. In celiac
disease, negatively charged anchor residues can be created
in gliadin by deamidation of critical glutamine residues.
Such post-translational modifications can alter the charge
properties of peptides and may therefore be relevant for
other antigens. A structural understanding of the relevant
MHC molecules may also be useful for the development
of therapeutic strategies that inhibit antigen presentation
in autoimmune diseases.
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