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Glutenin is involved in the gluten-driven mucosal
T cell response
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Gluten ingestion causes coeliac disease in susceptible individuals. Gluten is a heteroge-
neous mixture of glutenin and gliadin, the latter of which is considered responsible for dis-
ease induction. By combining high-performance liquid chromatography purification steps of
gluten with a T cell bioassay and mass spectral analyses, we have identified a glutenin pep-
tide (glt04 707–742) that activates T cells from the small intestine of a coeliac disease patient
and results in the secretion of large amounts of IFN- + . The minimal T cell stimulatory core of
the peptide (residues 724–734) is repetitively present in glutenin molecules. Moreover, it was
observed that a large number of naturally occurring variants of this peptide are recognized
by the T cells. These data suggest that the large heterogeneity of glutenin proteins dramati-
cally increases the number of available T cell epitopes. Together, the results provide new
insight into the nature of the gluten antigens that lead to coeliac disease and suggest that
glutenin, next to gliadin-derived antigens, may be involved in the disease process.
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1 Introduction

Coeliac disease (CD) results from the ingestion of gluten
in sensitive individuals (for a review see [1]). The identity
of the peptide antigens that lead to the typical flat
mucosa in the proximal small intestine of CD patients,
however, remains largely unclear [2]. This is in part due to
the complex composition of gluten antigens, which has
hampered the analysis of individual components. The
major protein fractions of gluten are the Q- and P-rich
glutenin and gliadin molecules, and early investigations
have suggested that the alcohol-soluble gliadin fraction
contains the factor that is toxic for coeliac patients [3]. In
support of this, both in vivo [4–6] and in vitro [7–9] stud-
ies using relatively pure gliadin fractions or synthetic glia-
din peptides have shown that gliadin can indeed induce
morphological changes in the gut. Since no such studies
have been performed using glutenin-derived peptides,
its role in the disease process is unclear. The presence of
high titers of anti-glutenin antibodies in sera of a subset
of CD patients [10–12] is indicative of the presence of
glutenin-specific T helper cells, and suggests that glute-
nin may, like gliadin, be involved in the aberrant immune
response against gluten.

CD is primarily associated with HLA-DQ2 [13, 14], while
most of the remaining patients carry DQ8 [15–17]. The
dominant restriction of gluten-specific T cells via these
alleles [18, 19] suggests that mucosal T cell recognition
of gluten-derived peptides is a central event in the path-
ogenesis of CD [20]. So far, two intestinal gluten-derived
T cell epitopes have been identified, both of which repre-
sent gliadin fragments [21, 22]. We now report on the
identification of a glutenin-derived epitope that is recog-
nized by DQ8-restricted T cells from the small bowel of a
CD patient. These results are the first to demonstrate
glutenin-specific T cell reactivity and provide further evi-
dence that glutenin is involved in the gluten-driven
immune response.

2 Results

2.1 Identification of a DQ8-restricted glutenin-
derived T cell epitope

Previously, we have reported the sequence of a gliadin
peptide that is specifically recognized by an HLA-DQ8-
restricted gluten-specific T cell clone (TCC) isolated from
the small bovel of the CD patient S [22]. Using the same
experimental procedure, we have now determined the
peptide specificity of another DQ8-restricted TCC (S12)
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Figure 1. Reversed-phase HPLC purification of the gluten
digest combined with a T cell bioassay. Reversed-phase
HPLC profile of the pepsin/trypsin digest of gluten (line) and
the T cell stimulatory capacity of the collected fractions
(bars). T cells (104) of TCC S12 were stimulated with 105

PBMC (3000 rad) from an HLA-DQ2/DQ8-positive donor in
the presence of 2 ? l of each HPLC fraction (total fraction
size: 100 ? l). Values show mean cpm (× 10–3) of duplicate
cultures. SD was X 10 %.

Figure 2. Truncation analysis of glutenin peptide 707–742. T cells (TCC S12; 104 cells) were stimulated with 105 PBMC (3000 rad)
from an HLA-DQ8-positive donor in the presence of 13.4 ? g/ml of the indicated peptides. Amino acids are shown as single-letter
codes. (A) shows the results of a set of 18-mer peptides, covering the glutenin 707–742 sequence. (B) shows the results of a set
of truncated variants of the central portion of glutenin 719–736. Values show mean cpm (× 10–3) of truplicate cultures. SD was
X 10 %.

from the same patient. Briefly, HPLC purification steps of
a gluten preparation were combined with a T cell bioas-
say (Fig. 1). Several peptide fragments in the most active
T cell stimulatory fraction were individually subjected to
tandem mass spectral analyses to obtain amino acid
sequence information. The identity of several peptide
peaks in the active fraction was elucidated by combining
partial amino acid sequence information with database
searching (not shown). Synthetic versions of the identi-
fied peptide sequences were tested in a T cell prolifera-
tion assay which demonstrated that the stimulatory
activity resided in a glutenin fragment (glt04 residues
707–742, Swiss Prot. Accession Number P08489,
sequence SGQGQRPGQWLQPGQGQQGYYPTSPQQ-
SGQGQQLGQ) (not shown).

Next, we determined the core peptide sufficient to
induce optimal proliferation of TCC S12. First, overlap-
ping 18-mer peptides spanning the glutenin 707–742
fragment were tested (Fig. 2A). Further N- and C-terminal
truncations of the 18-mer glutenin peptide 719–736
demonstrated that the minimal epitope required for opti-
mal T cell stimulation for TCC S12 comprises residues
724–734 (QGYYPTSPQQS, referred to as “glt peptide”)
(Fig. 2B). Based on the published peptide binding motifs
for DQ8 [23, 24], Q724 is to be expected at relative posi-
tion p1 and residue Q732 at p9. This was supported by
molecular modelling (not shown).

2.2 Effect of deamidation of glt-specific
recognition

Recently, it was found that the enzyme tissue transgluta-
minase (tTG) enhances gluten-specific T cell reactivity
due to selective deamidation (the conversion of a Q to E)
of gliadin epitopes [25, 26]. This appears to be a com-
mon phenomenon since tTG was found to enhance T cell
reactivity of T cell clones from several individuals [25,
26]. In addition, the reactivity of polyclonal gluten-
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Figure 3. Effect of tTG treatment of the glt peptide on T cell
recognition. T cells (TCC S12; 104 cells) were tested against
a concentration range of two length variants of the glutenin
peptide (short version: QQGYYPTSPQQSG, long version:
SGQGQRPGQWLQPGQGQQGYYPTSPQQSGQGQQLGQ)
that were either untreated with tTG (–tTG) or treated with tTG
(+tTG) in the presence of 105 irradiated (3000 rad) PBMC
from an HLA-DQ2/DQ8-positive donor as APC.

Figure 4. Q to E substitution analysis of the glt peptide. T
cells (TCC S12; 104 cells) were stimulated with 105 PBMC
(3000 rad) from an HLA-DQ8-positive donor in the presence
of several concentrations of the indicated peptide
sequences. Amino acids are shown as single-letter codes.
Values show mean cpm (× 10–3) of truplicate cultures. SD is
X 10 %. Residues at position 724 and 732 are the predicted

p1 and p9 anchor residues.

responsive T cell lines from patients is increased by a
factor of 3 to 10 due to the treatment of gluten with tTG
(not shown). In the T cell line from which the glutenin-
specific TCC S12 was isolated, tTG treatment resulted in
the increase of T cell reactivity with a factor of 4. We
therefore wished to determine the effect of tTG on recog-
nition of the glutenin epitope. The glt peptide was treated
with tTG for 2 h and subsequently tested with TCC S12.
In contrast to what was found for two gliadin-specific
TCC and several additional gluten-specific TCC with
unknown peptide specificity [25, 26], a marked decrease
in T cell proliferation was found upon tTG treatment of
the glutenin epitope (Fig. 3). We also evaluated whether
tTG had an effect on the T cell stimulatory capacity of the
original glutenin sequence identified (residues 707–742).
The results indicate that tTG does not influence the rec-
ognition of this peptide (Fig. 3). Mass spectrometric anal-
ysis indicated that in the short version of the peptide
both the p1 and p9 Q residues were partly converted to
E (not shown). In contrast, no Q residues were modified
in the longer version of the peptide (not shown), indicat-
ing that the activity of tTG is not only dependent on the
primary sequence of the peptide. To further evaluate the
effects of Q to E substitutions, analogs of the glt peptide
in which individual Q residues were replaced by an E
were tested for their T cell stimulatory capacity. A slight
increase in antigenicity was found for the p1 Q724 to E
analog. However, the p0 Q723 and the p10 Q733 to E ana-
logs were less efficiently recognized compared to the

wild-type peptide, whereas the introduction of an E at p9
(Q732) of the peptide almost completely abolished prolif-
eration of TCC S12 (Fig. 4). In conclusion, Q G E substi-
tutions in the glt peptide decrease rather than increase
its antigenicity. This likely explains the observation that
tTG treatment of the (short version of the) glt peptide
results in a decrease in T cell stimulatory capacity.

2.3 T cell responses of TCC S12 towards a set of
natural glt homologs

Database similarity searches with the glt peptide
sequence resulted in the identification of homologs
within 32 glutenin variants, differing at either one or two
positions from the glt peptide. Such peptide sequences
are repeated up to 16 times within one glutenin protein.
To evaluate potential T cell cross-reactivity against the
naturally occurring sequences, the homologous glutenin
sequences were tested for their T cell stimulatory capac-
ity. Nineteen of the 32 glutenin sequences induced prolif-
eration of TCC S12 (Table 1). Natural variants carrying
amino acids other than the glt peptide at positions 725,
729, 730 and 731 did not or only marginally stimulate
TCC S12. These results are in line with those obtained
after single amino acid substitution analysis, where the
residues G725, Y729, P730 and P731 appeared to be indis-
pensable for T cell recognition (not shown). The critical
role of the P residues at position 730 and 731 likely
reflects a function of this amino acid in the maintenance
of the correct conformation of the peptide in the binding
groove. The stimulation of TCC S12 with the glutenin
peptide and its analogs not only resulted in the induction
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Table 1. T cell responses of TCC S12 towards a set of natu-
rally occurring glutenin 722–736 homologs. T cells (104)
were stimulated with 105 PBMC (3000 rad) from an HLA-
DQ8-positive donor in the presence of 13.4 ? g/ml of the indi-
cated peptides. Amino acids are shown as single-letter
codes. Amino acids displayed in bold differ from the resi-
dues of the original glt sequence (GQQGYYPTSPQQSGQ).
Stimulation with the latter peptide resulted in 42 500 counts.
Values show mean cpm of truplicate cultures. SD is X 10 %.
Values displayed in bold are considered positive.

of proliferation but also in the production of relatively
large amounts of IFN- + (up to 600 ng/ml), a cytokine that
has been implicated in the process of tissue destruction
in the gut [27, 28]. The levels of IFN- + production corre-
lated well with the levels of T cell proliferation induced by
the glutenin peptide and its analogs (not shown).

3 Discussion

CD or gluten-sensitive enteropathy is characterized by
small intestinal mucosal injury and malabsorption [1]. In
support of a role of T cells in the pathogenesis, Lundin et

al. [18] have first demonstrated that gluten-specific T
cells can be isolated from small intestinal biopsy speci-
mens of patients. So far, two intestinal gluten-derived T
cell epitopes have been identified, both of which repre-
sent gliadin fragments [21, 22]. We now report on the
identification of a glutenin-derived epitope that is recog-
nized by DQ8-restricted T cells from the small intestine
of a CD patient.

The glutenin epitope is located in domain B of the high
molecular weight glutenin subunit glt04 (residues
707–742). The minimal epitope comprises residues
723–735 and contains the repetitive QQGYYPTS motif.
Based on the minimal determinant, 32 highly homolo-
gous versions were identified in naturally occurring glu-
tenin variants, 19 of which were found to be recognized
by TCC S12. The promiscuous recognition of the homol-
ogous variants together with the presence of multiple
copies of these epitopes within one glutenin molecule
(up to 16 repeats) indicate that the antigenic sequences
are available at a relatively high concentration in wheat
products.

To investigate whether the glutenin peptide is also recog-
nized by T cell lines from other CD patients, we have
tested T cell lines from seven additional patients, two
from adult patients and five from recently diagnosed chil-
dren. These cell lines were tested against the glutenin
peptide and its Q G E analogs. No T cell reactivity was
found in the T cell lines derived from the children. In con-
trast, one of the cell lines from the adult patients
responded to the glutenin peptide but not the Q G E ana-
logs (stimulation index to glutenin peptide: 3.5; to gluten:
10; background cpm: 1500). These results indicate that
the glutenin peptide could be a more common T cell epi-
tope. The lack of reactivity in the T cell lines from the chil-
dren, however, may indicate that this peptide may be a
secondary target for mucosal T cells. This will be the
subject of further investigations.

The association of CD to DQ2 [13, 14] and DQ8 [15–17]
and the dominant restriction of mucosal gluten-specific
T cells by these DQ alleles [18–20] strongly suggest that
the HLA association reflects a preferential binding and
presentation capacity of the disease-associated mole-
cules with respect to gluten-derived peptides. As dis-
cussed previously [22, 29], both DQ2 [30–32] and DQ8
[23, 24] prefer the presence of negatively charged resi-
dues at several positions in the bound peptide. This
appears to be an important characteristic of these DQ
molecules with respect to gluten sensitivity: since gluten
proteins consist of large amounts of Q residues, dea-
midation (the conversion of a Q to an E) potentially
results in the presence of relatively large amounts of neg-
atively charged (E) residues in gluten-derived peptides.
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Recently, we and others [25, 26] have shown that tTG is
capable of selective deamidation of Q residues in gluten-
derived peptides. Interestingly, tTG treatment of two
defined gliadin epitopes was found to strongly enhance
both DQ2- and DQ8-restricted T cell reactivity, presum-
ably by increasing the affinity of the antigens for the DQ
molecules. Since tTG represents the target for the anti-
endomysial antibodies that are characteristic for CD [33],
these results suggest a link between the gluten-specific
cellular and the tTG-directed humoral response in CD. In
contrast to the gliadin epitopes tTG treatment of the glt
peptide was found to decrease T cell reactivity, which
correlates with the finding that most of the Q to E substi-
tutions in the glt peptide are negatively involved in the T
cell response. Only at p1 (Q724), the Q to E substitution
led to a modest increase in antigenicity, which is likely
due to the preference for negatively charged or polar res-
idues at p1 of DQ8-bound peptides [31, 32]. It should be
noted, however, that the DQ8 peptide binding motif also
favors negatively charged residues at p9 by virtue of a
supposed interaction with the positively charged R at
position 79 of the DQ § chain. Therefore, also the glt P9
(Q732) Q to E analog is predicted to bind with high affinity
to DQ8. As only marginal T cell activation was found for
the p9 Q to E analog, the results suggest that the glt p9
Q to E substitution directly affects T cell recognition, as is
sometimes observed for anchor residues [34–36]. Thus,
for the present glt epitope, we observed that deamida-
tion decreases rather than increases the glutenin-
specific T cell response. Additional epitopes need to be
determined to reveal whether the destruction of epitopes
due to tTG-induced deamidation only accounts for
glutenin-, and not for gliadin-derived peptides.

In conclusion, this study for the first time demonstrates
that, next to gliadin-derived antigens, glutenin-derived
peptides are involved in gluten-specific T cell responses.
These glutenin-specific T cells may, like gliadin-specific
T cells, contribute to the disease pathogenesis by the
secretion of large amounts of IFN- + . Our findings indi-
cate that the role of glutenin in the disease process may
have to be re-evaluated. Further research should aim to
establish whether the glutenin epitope can induce intes-
tinal morphological changes that are characteristic of
CD.

4 Materials and methods

4.1 Antigens and peptides

A pepsin/trypsin digest of gluten was prepared as described
[22]. Peptides were synthesized by standard 9-
fluorenylmethoxycarbonyl chemistry on a multiple peptide
synthesizer (Abimed AMS 422). tTG treatment was per-

formed by incubating the glutenin 723–735 peptide with tTG
(Sigma; T-5398) at a concentration of 500 and 100 ? g/ml,
respectively, at 37 °C for 2 h in PBS with 1 mM CaCl2.

4.2 Isolation of gluten-specific T cell lines

TCC S12 (CD3+, CD4+, TCR § / g +) was isolated from a small
intestinal biopsy specimens of the HLA-DR3/4, DQ2/8-
positive, Dutch CD patient S as described [22]. In prolifera-
tion assays in which matched and mismatched APC were
used it was found that the TCC responded to stimulation
with a trypsin/pepsin-treated gluten preparation in the pres-
ence of HLA-DQ8-positive APC only. Moreover, the
response could be blocked with DQ-specific antibodies.
Polyclonal gluten-specific T cell lines from seven additional
CD patients (all DQ2 positive, one DQ2/8 positive) were gen-
erated by co-culture of small intestinal biopsy specimens
with the trypsin/pepsin-treated gluten preparation. After one
round of restimulation with the gluten preparation in the
presence of autologous PBMC the cells were expanded with
IL-2, tested for specificity and frozen until further use. All
patients gave informed consent to the study, which was
approved by the hospital ethics committee.

4.3 T cell proliferation assays

Proliferation assay were performed in duplicate in 150 ? l cul-
ture medium [RPMI1640 (Gibco), containing 100 % human
serum] in 96-well-flat-bottom plates (Falcon) using 104 T
cells stimulated with 105 irradiated PBMC (3000 rad) in the
presence or absence of antigen at the indicated concentra-
tions. After 48 h, cultures were pulsed with 0.5 ? Ci [3H]thymi-
dine and harvested 18 h later.

4.4 IFN- q production

IFN- + production was measured by ELISA in supernatants of
antigen-stimulated T cells. T cells (0.25 × 104), were stimu-
lated with 2 × 105 irradiated PBMC (3000 rad) in the absence
or presence of peptide at a concentration of 10 ? g/ml.
Assays were performed in 150 ? l culture medium
[RPMI1640, containing 10 % FCS (Gibco)] in 96-well round-
bottom plates (Falcon).

4.5 HPLC purification of the pepsin/trypsin digest of
gluten

Approxiomately 1 mg of an enzymatic digest of gluten was
fractionated via micro-reversed-phase HPLC (SMART sys-
tem, column C2/C18, sc 2.1/10, Pharmacia) using an aceto-
nitrile gradient from 0 to 70 % (flow rate 100 ? l/min, 2 %
increase acetonitrile/min, containing 0.1 % trifluoroacetic
acid).
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4.6 Mass spectrometry

Electrospray ionization mass spectrometry was performed
on the most abundant peaks present in the bioactive HPLC
fraction using a Quadrupole Time of Flight (Q-TOF) hybrid
mass spectrometer (Micromass, Manchester, GB) as
described [22]. Briefly, precursors were selected with the
quadrupole and fragments were collected with high effi-
ciency with the orthogonal time of flight mass spectrometer.
The collision gas applied was argon (pressure 4 × 10–5 mbar)
and the collision voltage approximately 30 V.

4.7 Database searching

The program PeptideSearch was used for sequence eluci-
dation. This program has been developed to identify
sequences in databases using mass spectral information
[37]. Database similarity searches were done on the basis of
the glt04 723–735 peptide sequence by a FASTA search in a
selected subset of wheat proteins from the Swiss Prot data-
bank.

Acknowledgements: The authors thank Drs. M. Schilham,
E. Goulmy and J. van Bergen for critically reading the manu-
script. W. Benckhuijsen is acknowledged for peptide syn-
thesis. This study was financially supported by the Dutch
Organization for Scientific Research (NWO) project no. 900-
509-171, the European Community project no. B104-CT95-
0263 and a “RUL stimuleringsfonssubsidie”.

5 References

1 Marsh, M. N., Gluten, major histocompatibility complex,
and the small intestine. A molecular approach to the
spectrum of gluten sensitivity. Gastroenterology 1992.
102: 330–354.

2 Wieser, H., The precipitating factor in coeliac disease.
Baillière’s Clin. Gastroenterol. 1995. 9: 191–207.

3 Van de Kamer, J. H., Weijers, H. A. and Dicke, W. K.,
Coeliac disease IV. An investigation into the injurious
constituents of wheat in connection with their action on
patients with coeliac disease. Acta. Paediatr. 1953. 42:
223–231.

4 Mantzaris, G. J., Karagiannis, J. A., Priddle, J. D. and
Jewell, D. P., Cellular hypersensitivity to a synthetic
dodecapeptide derived from human adenovirus 12
which resembles a sequence of A-gliadin in patients with
coeliac disease. Gut 1990. 31: 668–673.

5 Sturgess, R., Day, P., Ellis, H. J., Lundin, K. E., Gjert-
sen, H. A., Kontakou, M. and Ciclitira, P. J., Wheat
peptide challenge in coeliac disease. Lancet 1994. 343:
758–761.

6 Mantzaris, G. and Jewell, D. P., In vivo toxicity of a syn-
thetic dodecapeptide from A-gliadin in patients with
coeliac disease. Scand. J. Gastroenterol. 1991. 26:
392–398.

7 de Ritis, G., Auricchio, S., Jones, H. W., Lew, E. J.,
Bernardin, J. F. and Kasarda, D. D., In vitro (organ cul-
ture) studies of the toxicity of specific A-gliadin peptides
in celiac disease. Gastroenterology 1988. 94: 41–49.

8 Wieser, H., Belitz, H. D., Idar, D. and Ashkenzai, A.,
Coeliac activity of gliadin peptides CT-1 and CT-2.
Lebensm. Unters. Forsch. 1986. 182: 115–117.

9 Devery, J. M., Bender, V., Penttila, I. and Skerritt, J. H.,
Identification of reactive synthetic gliadin peptides spe-
cific for coeliac disease. Int. Arch. Allergy Appl. Immu-
nol. 1991. 95: 356–362.

10 Penttila, I., Devery, J. M., Gibson, C. E., LaBrooy, J. T.
and Skerritt, J. H., Cellular and humoral responses in
coeliac disease. 1. Wheat protein fractions. Clin. Chim.
Acta 1991. 204: 95–107.

11 Skerritt, J. H., Devery, J. M., Penttila, I. and La Brooy,
J. T., Cellular and humoral responses in coeliac disease.
2. Protein extracts from different cereals. Clin. Chim.
Acta 1991. 204: 109–122.

12 Kieffer, M., Frazier, P. J., Daniels, N. W. and Coombs,
R. R., Wheat gliadin fractions and other cereal antigens
reactive with antibodies in the sera of coeliac patients.
Clin. Exp. Immunol. 1982. 50: 651–660.

13 Tighe, M. R., Hall, M. A., Barbado, M., Cardi, E.,
Welsh, K. I. and Ciclitira, P. J., HLA class II alleles asso-
ciated with celiac disease susceptibility in a southern
European population. Tissue Antigens 1992. 40: 90–97.

14 Sollid, L. M., Markussen, G., Ek, J., Gjerde, H., Vart-
dal, F. and Thorsby, E., Evidence for a primary associa-
tion of celiac disease to a particular HLA-DQ § / g hetero-
dimer. J. Exp. Med. 1989. 169: 345–350.

15 Spurkland, A., Ingvarsson, G., Falk, E. S., Knutsen, I.,
Sollid, L. M. and Thorsby, E., Dermatitis herpetiformis
and celiac disease are both primarily associated with
the HLA-DQ( § 1*0501, g 1*02) or the HLA-DQ( § 1*03,
g 1*0302) heterodimers. Tissue Antigens 1997. 49:

29–34.

16 Spurkland, A., Sollid, L. M., Polanco, I., Vartdal, F. and
Thorsby, E., HLA-DR and -DQ genotypes of celiac dis-
ease patients serologically typed to be non-DR3 or non-
DR5/7. Hum. Immunol. 1992. 35: 188–192.

17 Tighe, M. R., Hall, M. A., Ashkenazi, A., Siegler, E.,
Lanchbury, J. S. and Ciclitira, P. J., Celiac disease
among Ashkenazi Jews from Israel: a study of the HLA
class II alleles and their associations with disease sus-
ceptibility. Hum. Immunol. 1993. 38: 270–276.

3138 Y. van de Wal et al. Eur. J. Immunol. 1999. 29: 3133–3139



18 Lundin, K. E., Scott, H., Hansen, T., Paulsen, G., Hals-
tensen, T. S., Fausa, O., Thorsby, E. and Sollid, L. M.,
Gliadin-specific, HLA-DQ(alpha 1*0501, beta 1*0201)
restricted T cells isolated from the small intestinal
mucosa of celiac disease patients. J. Exp. Med. 1993.
178: 187–196.

19 Lundin, K. E., Scott, H., Fausa, O., Thorsby, E. and
Sollid, L. M., T cells from the small intestinal mucosa of
a DR4, DQ7/DR4, DQ8 celiac disease patient preferen-
tially recognize gliadin when presented by DQ8. Hum.
Immunol. 1994. 41: 285–291.

20 Lundin, K. E. A., Gjertsen, H. A., Scott, H., Sollid, L. M.
and Thorsby, E., Function of DQ2 and DQ8 as HLA sus-
ceptibility molecules in celiac disease. Hum. Immunol.
1994. 41: 24–27.

21 Sjöström, H., Lundin, K. E. A., Molberg, Ø., Körner, R.,
McAdam, S., Anthonson, D., Quarsten, H., Norén, O.,
Roepstorff, P., Thorsby, E. and Sollid, L. M., Identifica-
tion of a gliadin T cell epitope in coeliac disease: general
importance of gliadin deamidation for intestinal T cell
recognition. Scand. J. Immunol. 1998. 48: 111–115.

22 Van de Wal, Y., Kooy, Y. M. C., van Veelen, P., Peña, A.
S., Mearin, M. L., Molberg, Ø., Lundin, K. E., Sollid, L.
M., Mutis, T., Benckhuijsen, W. B., Drijfhout, J. W. and
Koning, F., Small intestinal T cells of coeliac disease
patients recognize a neutral pepsin fragment of gliadin.
Proc. Natl. Acad. Sci. USA 1998. 95: 10050–10054.

23 Godkin, A., Friede, T., Davenport, M., Stevanovic, S.,
Willis, A., Jewell, D., Hill, A. and Rammensee, H. G.,
Use of eluted peptide sequence data to identify the
binding characteristics of peptides to the insulin-
dependent diabetes susceptibility allele HLA-DQ8
(DQ3.2). Int. Immunol. 1997. 9: 905–911.

24 Kwok, W. W., Domeier, M. E., Raymond, F. C., Byers,
P. and Nepom, G. T., Allele-specific motifs characterize
HLA-DQ interactions with a diabetes-associated peptide
derived from glutamic acid decarboxylase. J. Immunol.
1996. 156: 2171–2177.

25 Van de Wal, Y., Kooy, Y. M. C., van Veelen, P., Peña, A.
S., Mearin, M. L., Papadopoulos, G. K. and Koning, F.,
Selective deamidation by tissue transglutaminase
strongly enhances gliadin-specific T cell reactivity. J.
Immunol. 1998. 161: 1585–1588.

26 Molberg, Ø., McAdam, S., Körner, R., Quarsten, H.,
Kristiansen, C., Madsen, L., Fugger, L., Scott, H.,
Norén, O., Roepstorff, P., Lundin, K. E. A., Sjöström,
H. and Sollid, L. M., Tissue transglutaminase selectively
modifies gliadin peptides that are recognized by gut
derived T cells in celiac disease. Nat. Med. 1998. 4:
713–717.

27 Nilsen, E. M., Lundin, K. E., Krajci, P., Scott, H., Sollid,
L. M. and Brandtzaeg, P., Gluten-specific, HLA-DQ
restricted T cells from coeliac mucosa produce cyto-

kines with TH1 or TH0 profile dominated by interferon
gamma. Gut 1995. 37: 766–776.

28 Przemioslo, R. T., Lundin, K. E., Sollid, L. M., Nelufer,
J. and Ciclitira, P. J., Histological changes in small
bowel mucosa induced by gliadin sensitive T lympho-
cytes can be blocked by anti-interferon- + antibody. Gut
1995. 36: 874–879.

29 Lundin, K. E. A., Sollid, L. M., Anthonson, D., Norén,
O., Molberg, Ø., Thorsby, E. and Sjöström, H., Hetero-
geneous reactivity patterns of HLA-DQ-restricted, small
intestinal T cell clones from patients with celiac disease.
Gastroenterology 1997. 112: 752–759.

30 Vartdal, F., Johansen, B. H., Friede, T., Thorpe, C. J.,
Stevanovic, S., Eriksen, J. E., Sletten, K., Thorsby, E.,
Rammensee, H. G. and Sollid, L. M., The peptide bind-
ing motif of the disease-associated HLA-DQ( § 1*0501,
g 1*0201) molecule. Eur. J. Immunol. 1996. 26:
2764–2772.

31 Van de Wal, Y., Kooy, Y. M. C., Drijfhout, J. W., Amons,
R. and Koning, F., Peptide binding characteristics of the
coeliac disease-associated DQ( § 1*0501, g 1*0201) mol-
ecule. Immunogenetics 1996. 44: 246–253.

32 Johansen, B. H., Buus, S., Vartdal, F., Viken, H., Erik-
sen, J. A., Thorsby, E. and Sollid, L. M., Binding of pep-
tides to HLA-DQ molecules: peptide binding properties
of the disease-associated HLA-DQ(alpha 1*0501, beta
1*0201) molecule. Int. Immunol. 1994. 6: 453–461.

33 Dieterich, W., Ehnis, T., Bauer, M., Donner, P., Volta,
U., Riecken, E. O. and Schuppan, D., Identification of
tissue transglutaminase as the autoantigen of celiac dis-
ease. Nat. Med. 1997. 3: 797–801.

34 Kersh, G. J. and Allen, P. M., Structural basis for T cell
recognition of altered peptide ligands: a single receptor
can productively recognize a large continuum of related
antigens. J. Exp. Med. 1996. 184: 1259–1268.

35 Reay, P. A., Kantor, R. M. and Davis, T. A., Use of
global amino acid replacements to define the require-
ments for MHC binding and T cell recognition of moth
cytochrome c. J. Immunol. 1994. 152: 3946–3953.

36 Evavold, B. D., Sloan-Lancaster, J., Hsu, B. L. and
Allen, P. M., Separation of T helper 1 clone cytolysis
from proliferation and lymphokine production using ana-
log peptides. J. Immunol. 1993. 150: 3131–3140.

37 Mann, M. and Wilm, M., Error-tolerant identification of
peptides in sequences databases by peptide sequence
tags. Anal. Chem. 1994. 66: 4390–4399.

Correspondence: Frits Koning, Department of Immunohae-
matology and Bloodbank, Leiden University Medical Center,
Bldg. 1 E3-Q, P.O.Box 9600, 2300 Leiden, The Netherlands
Fax: +31-71-5216751
e-mail: fkoning — ihb.azl.nl

Eur. J. Immunol. 1999. 29: 3133–3139 Identification of a glutenin-derived T cell epitope 3139


