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SUMMARY

One of the hallmarks of coeliac disease, both active and treated, is an increased number and
proportion of °/± intraepithelial T lymphocytes in the small intestinal mucosa, and an increased
number of°/± T cells in the small intestinal mucosa of coeliac disease patients has been associated
with the inheritance of specific HLA class II DQ alleles. Nonetheless, the contribution of genetic
factors to the development of the T cell receptor (TCR)± repertoire in coeliac disease is not known.
We have assessed the contribution of genetic factors to development of the TCR± repertoire in
coeliac disease, by characterizing the junctional diversity of TCR± transcripts expressed in the
intestine and peripheral blood of a pair of monozygotic (MZ) twins concordant for coeliac disease.
TCR V±1, V±2 and V±3 transcripts from small intestinal and colon biopsies, and from peripheral
blood mononuclear cells, were amplified by polymerase chain reaction (PCR) and the complemen-
tarity determining region (CDR)3 domains of TCR± transcripts were analysed by denaturing PAGE
and direct nucleotide sequencing. The repertoire of TCR± transcripts and CDR3 amino acid motifs
in the intestine and peripheral blood of MZ twins concordant for coeliac disease exhibited no
overlap. The TCR± repertoire in each twin was oligoclonal, and complexity of the junctional regions
of their TCR ± transcripts was typical of the repertoire in healthy adults. Thus, genetically identical
individuals with coeliac disease have distinct, non-overlapping TCR± repertoires. Moreover, genetic
factors that determine disease susceptibility do not appear to select for specific TCR± sequences or
CDR3 amino acid motifs.
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INTRODUCTION

Coeliac disease is characterized by damage to the mucosa of
the small intestine and the malabsorption of most nutrients.
Disease is activated by the ingestion of foods that contain wheat
gliadins, rye secalins or barley hordeins [1,2]. Genetic factors are a
major determinant of host susceptibility to coeliac disease [2]. In
this regard,� 75% of monozygotic (MZ) twins are concordant for
disease [3]. Moreover, genes that map to the HLA class II D region
determine susceptibility to coeliac disease. Thus,>90% of coeliac
disease patients express an HLA class II DQ2 molecule encoded by
the alleles DQA1*0501 and DQB1*0201, incis or trans, and most
of the remaining coeliac disease patients express a DQ8 molecule
encoded by the alleles DQA1*0301 and DQB1*0302 [4–8].

Although these DQ alleles are necessary, they are not sufficient
for the phenotypic expression of disease [2]. In contrast to MZ
twins, concordance for coeliac disease among siblings who share
one or both HLA haplotypes ranges from�25% to 40%, indicat-
ing the importance also of other genes in determining susceptibility
to this disease [2,4,9].

Increased numbers of
/� intraepithelial lymphocytes (IEL) in
the small intestine and an increased proportion of
/� IEL, relative
to �/� IEL, are one of the hallmarks of coeliac disease [10–12].
IEL are located in the paracellular space between intestinal
epithelial cells. T cells that express the
/� T cell receptor (TCR)
are located mainly within the surface epithelium and variably
comprise up to 10–30% of IEL in normal human small intestine
and colon [13,14]. In contrast, T cells that express the�/� form of
the TCR are abundant in the lamina propria and intraepithelial
region. In addition to active coeliac disease, patients with treated
coeliac disease are reported to have an increased proportion of
/�
IEL to �/� IEL, and this finding has been used as a diagnostic
adjunct for latent coeliac disease [15–19]. Furthermore, increased
numbers of mucosal
/� T cells have been noted in otherwise
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healthy, first degree relatives of coeliac disease patients who carry
the disease-associated HLA class II susceptibility alleles [20].
Increased numbers of
/� T cells in the intestinal mucosa do not
appear to simply reflect mucosal inflammation, since
/� T cells
are rarely increased in other chronic inflammatory mucosal states,
such as tropical sprue, inflammatory bowel disease, or during
microbial infection of the intestinal tract [10,15,21].

TCR�-chains have the potential for extensive diversity through
combinatorial joining of variable (V), diversity (D) and joining (J)
gene segments, and by nucleotide insertions and deletions that
occur at the junctions of these gene segments [22]. Most
/� IEL
utilize the TCRDV1 [23] gene segment [10,14,24], while fewer
cells express TCRDV2, TCRDV3 and TCRAV gene segments
[24–26]. In contrast, most
/� T cells in the circulation express the
TCRDV2 gene segment [27,28]. Similar to healthy individuals,
most
/� T cells in the small intestine in coeliac disease express
TCRDV1 [21,29].

In the present study, we characterized the TCR� repertoire in a
MZ twin pair concordant for coeliac disease in order to assess the
contribution of genetic factors to the TCR� repertoire in this
disease. Based on an analysis of the complementarity determining
region 3 (CDR3) domains of expressed TCR� transcripts, we
report herein that genetically identical individuals concordant for
coeliac disease express distinct non-overlapping TCR� reper-
toires.

MATERIALS AND METHODS

Subjects
BD and JD are 44-year-old male Caucasian MZ twins of Irish/
German ancestry. Coeliac disease was diagnosed by small intest-
inal mucosal biopsy in BD at age 39 years, and in JD at 40 years. At
the time of diagnosis, both twins had experienced a>5 kg weight
loss and were markedly anaemic (haemoglobin 4.0 g/dl in BD, and
9.9 g/dl in JD), with combined iron deficiency and folate defi-
ciency. Small intestinal mucosal biopsies from BD and JD revealed
marked villous atrophy, crypt hyperplasia, abnormal morphology
of the surface epithelial cells, increased crypt mitoses, an increased
lymphocyte and plasma cell infiltrate in the lamina propria, and an
increased density of IEL in the surface epithelium. Although BD
and JD were treated with a gluten-free diet, they were only
intermittently compliant with the diet. At the time of biopsy for
the present study, BD was mildly anaemic (haemoglobin 12.8 g/dl)
and iron-deficient (serum iron 29�g/dl), whereas JD was no longer
anaemic and iron studies were normal.

Neither JD nor BD had a past history or current evidence of
dermatitis herpetiformis, diabetes mellitus or thyroid disease.
Neither parent nor a younger brother, age 38 years, have coeliac
disease. JD and BD resided in the same household until 18 years
old.

Zygosity, HLA typing and coeliac antibodies
JD and BD were documented to be MZ twins by polymerase chain
reaction (PCR) analysis of unlinked polymorphic short tandem
repeat loci (probability of exclusion<0.000 01) [30]. Their HLA
class I type was A1, A24; B8, B7, as determined by microlym-
phocytotoxicity assay. Their HLA class II alleles
were DRB1*0301, DRB1*1501; DRB3*0101, DRB5*0101;
DQA1*0501, DQA1*01; DQB1*0201, DQB1*06 as determined
by PCR [31,32]. Both subjects had circulating IgA antigliadin
antibodies.

Intestinal biopsies and peripheral blood mononuclear cells
Mucosal biopsies, 2–3 mm in size, were obtained from the second
portion of the duodenum and the sigmoid colon. Two biopsies were
obtained from each of three sites in the duodenum and two biopsies
were obtained from each of three sites in the sigmoid colon.
Biopsies designated as�3 and�10 were obtained at a distance
of 3 cm and 10 cm from biopsies labelled�0. One biopsy from
each site was used for molecular analysis of the TCR� repertoire
and the second was used for histology. Two separate blood samples
from each twin were obtained concurrently and peripheral blood
mononuclear cells (PBMC) were separated as described [33]. JD
and BD were studied on the same day.

Endoscopy revealed a loss of normal duodenal folds, consistent
with coeliac disease, in both subjects [34]. Histological examina-
tion of the small intestinal mucosal biopsies from JD and BD, from
each of the three sites, were also consistent with diagnosis of
coeliac disease, and revealed total villous atrophy, crypt hyperpla-
sia, increased crypt mitotic activity, increased lymphocytes and
plasma cells in the lamina propria, an increased density of IEL, and
a surface epithelium that varied from cuboidal to squamous.
Biopsies from each of the three sites within the sigmoid colon
were normal in both subjects, with the exception of scattered foci
of increased IEL within the surface epithelial layer. All studies
were approved by the UCSD Committee on Human Subjects.

RNA extraction, reverse transcription and PCR
Total RNA was extracted from mucosal biopsies and PBMC
samples, and 1�g was reverse transcribed in a 20-�l reaction as
described before [33]. Aliquots (2�l) of the reverse transcription
(RT) reaction were amplified using 25 pmol of 50 primer for
TCRDV1, DV2 or DV3, and 25 pmol of 30 primer for TCRDC
(C�), resulting in PCR products of 150–200 bp in length. The
primers were:

TCRDV1: CAGCCTTACAGCTAGAAGATTCAGC
TCRDV2: GCACCATCAGAGAGAGATGAAGGG
TCRDV3: TCACTTGGTGATCTCTCCAGTAAGG
TCRDC: AAACGGATGGTTTGGTATGAGGC

After an initial hot start, amplification consisted of 37–39
cycles of 40 s at 948C, 50 s at 618C, and 1 min at 728C, followed
by a final extension for 10 min at 728C.

Analysis of CDR3 length distribution
Two microlitres of each PCR reaction containing amplified CDR3
domains of either V�1, V�2, or V�3 transcripts were mixed with
formamide loading buffer and heat-denatured for 2 min at 958C,
after which PCR products were size separated on a 6% denaturing
polyacrylamide gel and visualized by silver staining (Silver
Sequence DNA staining reagents) under conditions recommended
by the manufacturer (Promega, Madison, WI). Bands were photo-
graphed by exposing polyacrylamide gels for 8–15 s to Automatic
Processor Compatible Film (Promega Silver Sequence). Each band
contains sequences of identical CDR3 length and each band is
separated by a distance corresponding to 3 bp (i.e. one codon). In a
polyclonal TCR repertoire, the band pattern conforms to a bell-
shaped distribution in which the greatest band intensity is at the
modal length, with bands containing shorter and longer CDR3
regions being approximately equally distributed in decreasing fre-
quency on either side. Band patterns were consistently reproducible
when PCR amplification products from different RT reactions of the
same RNA sample were analysed (data not shown).
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Direct sequencing of PCR products
Individual bands were excised from the gels and incubated at
room temperature in 50�l sterile distilled H2O, after which 5-
�l aliquots were re-amplified for 30 cycles using the same
primers and PCR conditions described above. Double-stranded
PCR products were directly sequenced by the dideoxy chain
termination method using a PCR sequencing kit (Amersham
Life Sciences, Arlington, VA) and the TCRDC primer.

In many cases, one nucleotide sequence was obtained from a
single isolated band of a given CDR3 length. This indicated that
most transcripts within that band were identical. The existence
within a band of multiple transcripts of the same CDR3 length but

different nucleotide sequences did not yield a readable sequence, in
the absence of further cloning. The TCR� repertoire was defined as
oligoclonal when several bands of different CDR3 lengths each
contained a predominant sequence and the same sequences were
detected in a separate biopsy or blood specimens.

Nucleotide sequences were analysed using PC/Gene DNA ana-
lysis software (Intelligenetics, Mountain View, CA) and were
assigned to TCRDD (D�) gene segments based on at least 3 bp
identities [35]. Gene segment assignments were as follows: TCRDJ1,
TCRDJ2 and TCRDJ3 were assigned according to Takiharaet al.
[36]; TCRDV gene segments were assigned according to Satyanar-
ayanaet al.(DV1) [37], Dariavach & Lefranc (DV2) [38] and Hataet
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Fig. 1.(a) CDR3 length analysis of intestinal V�1 transcripts. The CDR3 regions of V�1 transcripts from JD and BD were amplified from
duodenal and sigmoid colon biopsies, and size-fractionated by denaturing PAGE as described in Materials and Methods. Amplified
products from JD and BD were run in parallel on the same gel. Lanes labelled�3 and�10 contain amplification products from biopsies
obtained at a distance of 3 and 10 cm, respectively, from the biopsy labelled�0. The CDR3 lengths of the V�1 transcripts from both
subjects ranged from 8 to 25 amino acids and the distribution of CDR3 lengths and variable intensity of the bands suggest that the V�1
repertoire in both subjects is restricted. As shown, band patterns in both the small intestine and sigmoid colon differed markedly between
JD and BD. However, within each subject, similarity between the band pattern in the small intestine and sigmoid colon can be noted.
(b) Clonal assignment and sequence analysis of CDR3 domains of V�1 transcripts. Bands of different CDR3 lengths were isolated from
the gels (a), re-amplified by polymerase chain reaction (PCR) and sequenced. Transcripts are designated by the letter J or B followed by
a number. *Transcripts where a sequence could not be obtained since those bands contained multiple different transcripts of identical
CDR3 length. Although several V�1 transcripts of identical length were sequenced from both subjects, no V�1 transcripts were detected
that were shared between the twins. As indicated, analysis often revealed a single transcript sequence in each band. Moreover, for each
twin, identical V�1 transcripts were detected in the small intestine and sigmoid colon. Nucleotide sequences and deduced amino acid
sequences of the transcripts are shown in Fig. 5.



al. (DV3) [39], and are equivalent to DV101S1, DV102S1A1T and
DV103S1A1T, respectively [40].

CDR3 length
Lengths of the CDR3 domains of translated TCR� transcripts
were determined as described before [24,41]. Briefly, the distance
was calculated between the conserved cysteine at position 88,
which is encoded by the 30 TCRDV region, and the conserved
GXG triplet, which is encoded by all TCRDJ regions, and eight
amino acids were subtracted [41–43].

RESULTS

We characterized the TCR� repertoire in a pair of MZ twins
concordant for coeliac disease (JD and BD) by analysing the spectrum
of CDR3 lengths and the nucleotide sequence of TCR� transcripts in
the small intestine, sigmoid colon and peripheral blood. V�1, V�2 and
V�3 transcripts from duodenal and sigmoid colon biopsies, and
peripheral blood samples from each subject were amplified by
PCR, after which PCR products were size-separated by denaturing
PAGE and visualized by silver staining. In addition, multiple bands

were excised from the gels and the CDR3 domains of� transcripts
were determined by direct sequencing. Adjacent bands contain�

transcripts which differ from each other by 3 bp (i.e. one codon) as
confirmed by sequence analysis.

Analysis of CDR3 lengths of intestinal V�1 transcripts
Size separation of V�1 transcripts amplified from each duodenal and
sigmoid colon biopsy of JD and BD yielded multiple bands (Fig. 1a).
These transcripts encoded CDR3 domains ranging in length from 8
to 25 amino acids (see also Fig. 1b and Fig. 5). Variation in the
distribution and intensity of transcripts of different CDR3 lengths
and the repetitive pattern of the bands within each subject in multiple
separate biopsies from the duodenum and sigmoid colon suggested
the presence of a restricted V�1 repertoire in JD and BD. As shown
in Fig. 1a, many of the V�1 transcripts in JD and BD were of
identical size. However, there were marked differences in the overall
band patterns between the twins in both the duodenum and sigmoid
colon. We also noted that, within each subject, the band pattern of
the amplified transcripts in the small intestine and colon were
similar, suggesting that in each twin, identical V�1 transcripts
might be present in the small intestine and colon.
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Fig. 2. (a) CDR3 length analysis of intestinal V�2 transcripts. V�2 transcripts from duodenal and sigmoid colon biopsies of JD and BD were
analysed as described in Fig. 1a. The band patterns of the transcripts from the small intestine and colon biopsies from JD differed markedly
from those of BD. However, for each subject the band patterns of the amplified transcripts from the separate colon biopsies were almost
identical. (b) Clonal assignment and sequence analysis of CDR3 domains of V�2 transcripts. Data are presented as in Fig. 1. #Cases where a
single sequence could not be deduced, but it could be determined that those bands contained transcripts that differed from those of identical
length in other biopsies. As shown, no V�2 transcripts were shared by the twins. However, in each subject the V�2 repertoire was oligoclonal,
with identical V�2 transcripts being present in the small intestine and sigmoid colon. Of note, in separate biopsies, bands of the same length
but variable intensity often contained identical V�2 transcripts. Nucleotide sequences and translated amino acid sequences of V�2 transcripts
are shown in Fig. 5.



The V�1 repertoire is oligoclonal but non-overlapping between JD
and BD
To determine if PCR products of the same CDR3 length in JD
and BD encoded identical or different transcripts, a number of
bands were isolated from the gels and directly sequenced. As
summarized in Fig. 1b, many of the excised bands contained
transcripts with a single junctional sequence (see also Fig. 5), a
finding which was independent of band intensity (e.g. CDR3
length 09). Moreover, of the transcripts sequenced, none was
shared by the twins.

Sequence analysis confirmed the oligoclonal nature of the V�1
repertoire in each twin, as identical transcripts could be detected in
biopsies from distinct sites. In addition, sequence analysis con-
firmed an overlap in the V�1 TCR repertoire between the small
intestine and sigmoid colon of each twin, as suggested by PAGE
(e.g. in JD, the most intense band at a CDR3 length of 16 amino
acids contained a single sequence in all biopsies). The latter finding
contrasts with our prior studies in three healthy adults [33] where
the V�1 repertoire differed markedly between the small intestine
and colon.

V�2 and V�3 CDR3 lengths in the intestine
Size separation of amplified V�2 and V�3 transcripts from the
small intestine and sigmoid colon resulted in bands having CDR3
lengths ranging from 6 to 19 amino acids (Figs 2a and 3a). The
band patterns of V�2 and V�3 transcripts suggested that, like V�1,
these repertoires were also restricted. The band patterns of V�2
transcripts in each twin were similar among the three separate
colonic biopsies, although they differed between the twins
(Fig. 2a). Such was also the case for V�3 transcripts (Fig. 3a).
Transcripts from the three separate duodenal biopsies from each
twin yielded band patterns that appeared to be somewhat different
from each other.

Sequence analysis of the V�2 and V�3 transcripts in the small
intestine and colon
As shown in Figs 2b, 3b and 5, we found no V�2 or V�3 transcripts
that were shared by the twins. However, in each twin, the V�2 and
V�3 repertoire was oligoclonal. In addition, within each twin there
was an overlap of V�2 transcripts between the small intestine and
colon. Although this was also the case for small intestinal and
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Fig. 3. (a) CDR3 length analysis of intestinal V�3 transcripts. Like V�1 and V�2 transcripts, the band patterns of V�3 transcripts among
the colon biopsies were similar within each subject, but differed between JD and BD. However, the band patterns of duodenal V�3
transcripts among the biopsies in each individual exhibited greater differences. Bands that, in some lanes, appear as closely running
doublets may result from non-uniform addition by Taq polymerase of non-template encoded adenosine at the 30 end [56] or incomplete
denaturation, since sequence analysis of excised doublets revealed single sequences. (b) Clonal assignment and sequence analysis of
CDR3 domains of V�3 transcripts. Data are presented as in Figs 1 and 2. No V�3 transcripts were shared by the twins but, like V�1 and
V�2, the V�3 repertoire in the small intestine and sigmoid colon was oligoclonal in each subject. There was marked overlap in the V�3
repertoire in the small intestine and sigmoid colon of JD, but not of BD. Nucleotide sequences and translated amino acid sequences of
V�3 transcripts are shown in Fig. 5.



colonic V�3 transcripts in JD, V�3 transcripts in the small intestine
of BD differed from those in the sigmoid colon.

The TCR V�1, V�2 and V�3 repertoire in peripheral blood is
oligoclonal and shows no overlap between JD and BD
CDR3 length analyses of the V�1, V�2 and V�3 transcripts in two
separate peripheral blood samples from each twin were performed
in parallel. The band pattern of V�2 and V�3 transcripts suggested
an oligoclonal repertoire (Fig. 4a), whereas the band pattern of V�1
transcripts was consistent with a more diverse repertoire.

To characterize further the V�1, V�2 and V�3 repertoire in the
peripheral blood and to ask if there was overlap in the V� repertoire
in the peripheral blood and intestine, we sequenced several bands
containing PBMC transcripts that were of identical CDR3 lengths to
those from the intestinal biopsies. As shown in Fig. 4b, no V�

transcripts were shared between the twins. However, within each
twin identical transcripts were found in separate blood samples,
indicating the V� repertoire in peripheral blood was oligoclonal in JD
and BD. Whereas in BD there was no overlap between transcripts in

the peripheral blood and the intestine, in JD several V�1 and V�3
transcripts in PBMC were identical to those present also in the
intestine (Figs 1b and 3b). This was not the case for V�2 transcripts
which are the predominant V� transcripts in the peripheral blood
[27].

Translation of nucleotide sequences from TCR V�1, V�2 and V�3
transcripts does not reveal a conserved amino acid sequence motif
As shown in Fig. 5, the V�1, V�2 and V�3 transcripts were all in
frame. Junctional regions of the� transcripts were complex, as
shown by extensive nucleotide insertions and deletions at the
junctions of V, D and J gene segments, and the extent of this
complexity was comparable to that reported before in healthy
adults [24,33]. Although DJ1 (J�1) was the predominant TCRDJ
segment used, DJ2 or DJ3 segments were used by several V�1 and
V�2 transcripts with long CDR3 domains. When nucleotide
sequences were translated into corresponding amino acid
sequences, analysis of the junctions did not reveal a common
amino acid sequence motif.
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Fig. 4. (a) CDR3 length analysis of V�1, V�2 and V�3 transcripts from peripheral blood samples. V�1, V�2 and V�3 transcripts from two
separate blood samples (designated I and II) from each subject were amplified and separated according to their CDR3 lengths, as described in
Fig. 1a. The band patterns for all three V� families analysed differed between the twins. However, as shown, the band pattern of V�1
transcripts in the peripheral blood of JD was similar to that from the duodenum and sigmoid colon (compare with JD, Fig. 1a). (b) Clonal
assignment and sequence analysis of CDR3 domains of V�1, V�2 and V�3 transcripts from peripheral blood samples. No V� transcript
sequences were shared between the twins. However, the V�1, V�2 and V�3 repertoire in each twin was oligoclonal and, within each subject,
identical� transcripts were detected in separate blood samples from each subject. Several V�1 and V�3 transcripts from the peripheral blood
were also found in the intestine of JD (see Fig. 1b). However, there was no overlap between intestinal and peripheral blood mononuclear cell
(PBMC) V� transcripts in BD. Nucleotide sequences and translated amino acid sequences of V�3 transcripts are shown in Fig. 5. ND, Not
done.
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DISCUSSION

Increased numbers and an increased proportion of
/� relative to
�/� IEL in the small intestinal mucosa are a hallmark of coeliac
disease, whether disease is active or in remission [15–17]. In
addition, healthy first degree relatives of coeliac disease patients
have increased numbers of
/� IEL in the small intestinal
mucosa, and this correlates with whether or not those subjects
express the HLA class II coeliac disease susceptibility alleles
[20]. To assess if genetic factors that govern host susceptibility
to coeliac disease also determine the
/� T cell receptor
repertoire in coeliac disease, we characterized the junctional
diversity of TCR � transcripts expressed in the intestine and
peripheral blood of a MZ twin pair who are concordant for
coeliac disease. As shown herein, genetically identical indivi-
duals, concordant for coeliac disease, can express distinct, non-
overlapping TCR� repertoires. Thus, genetic factors that govern
disease susceptibility do not appear to select for specific TCR�

sequences or CDR3 amino acid motifs.
The marked complexity of the TCR� junctional sequences

and oligoclonality of the TCR� repertoire in the twins was
typical of that reported by us and others in healthy adults, and
appears to reflect positive selection and expansion of specific
populations of T cells [24,33,44,45]. However, in contrast to
healthy individuals, in whom the TCR� repertoire is relatively
compartmentalized with little overlap between the small intestine
and colon ([33] and W. Holtmeier, unpublished data), we note
there was marked overlap between the TCR� repertoire in the
small intestine and sigmoid colon of each twin. Although based
strictly on the twin pair studied herein, this finding is nonetheless
of interest in light of prior reports indicating that coeliac disease
patients also have increased numbers of
/� IEL in the rectal
mucosa [46]. Although mucosal damage in coeliac disease is
generally confined to the proximal small intestine [3], proctitis
and lymphocytic colitis have been noted in some coeliac disease
patients [47,48] and, compared with healthy individuals, the
rectal mucosa of coeliac disease patients has been reported to
respond abnormally to experimental gluten challenge [49,50].
Thus, taken together, these studies suggest an underlying
abnormality may affect the entire intestinal mucosa in coeliac
disease.

Susceptibility to coeliac disease is strongly associated with
the inheritance of specific HLA class II DQ molecules [5–8].
However, the
/� TCR repertoire does not appear to be shaped
by MHC class I or class II molecules, and
/� T cells, unlike�/
� T cells, do not appear to recognize peptides bound in the
peptide binding groove of HLA class I or II molecules [51,52].
Although increased
/� T cells among healthy first degree
relatives of coeliac disease probands correlated with the
presence of specific DQ susceptibility alleles [20], these alleles,
as shown herein, did not determine the expressed TCR�

repertoire.
Little is known regarding the role
/� T cells play in normal

mucosal immunophysiology or in the pathogenesis of coeliac
disease, and it is not known whether
/� T cells in coeliac
disease recognize determinants on the disease-activating proteins
or a different set of ligands. In contrast to�/� T cells, there is
no proven paradigm for the nature of the ligands that are
recognized by
/� T cells, although recent studies suggest a
population of V�2-expressing
/� T cells can recognize small,
non-peptide molecules [53,54]. However, recent reports suggest

there are fundamental differences in the pathways by which
ligands are processed and presented to
/� compared with�/� T
cells [51,52,55], and it has been proposed that
/� T cells
recognize ligands in a manner more analogous to that of anti-
body [41].
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