
THERAPEUTIC EPITOPES AND USES THEREOF The invention
relates to epitopes useful in the diagnosis and
therapy of coeliac disease, including diagnostics,
therapeutics, kits, and methods of using the
foregoing. An immune reaction to gliadin (a component
of gluten) in the diet causes coeliac disease. It is
known that immune responses in the intestinal tissue
preferentially respond to gliadin which has been
modified by an intestinal transglutaminase. Coeliac
disease is diagnosed by detection of anti-endomysial
antibodies, but this requires confirmation by the
finding of a lymphocytic inflammation in intestinal
biopsies. The taking of such a biopsy is inconvenient
for the patient. Investigators have previously assumed
that only intestinal T cell responses provide an
accurate indication of the immune response against
gliadins. Therefore they have concentrated on the
investigation of T cell responses in intestinal tissue
1. Gliadin epitopes which require transglutaminase
modification (before they are recognised by the immune
system) are known2. The inventors have found the
immunodominant T cell A-gliadin epitope recognised by
the immune system in coeliac disease, and have shown
that this is recognised by T cells in the peripheral
blood of individuals with coeliac disease (see WO
01/25793). Such T cells were found to be present at
high enough frequencies to be detectable without
restimulation (i.e. a 'fresh response' detection
system could be used). The epitope was identified
using a non-T cell cloning based method which provided
a more accurate reflection of the epitopes being
recognised. The immunodominant epitope requires
transglutaminase modification (causing substitution of
a particular glutamine to glutamate) before immune
system recognition. Based on this work the inventors
have developed a test which can be used to diagnose
coeliac disease at an early stage. The test may be
carried out on a sample from peripheral blood and
therefore an intestinal biopsy is not required. The
test is more sensitive than the antibody tests which
are currently being used. The invention thus provides
a method of diagnosing coeliac disease, or
susceptibility to coeliac disease, in an individual
comprising:(a) contacting a sample from the host with
an agent selected from (i) the epitope comprising
sequence which is: SEQ ID NO:1 (PQPELPY)or SEQ ID NO:2
(QLQPFPQPELPYPQPQS), or an equivalent sequence from a
naturally occurring homologue of the gliadin
represented by SEQ ID NO:3, (ii) an epitope comprising
sequence comprising: SEQ ID NO:1, or an equivalent
sequence from a naturally occurring homologue of the
gliadin represented by SEQ ID NO:3 (shown in Table 1),
which epitope is an isolated oligopeptide derived from
a gliadin protein, (iii) an analogue of (i) or (ii)
which is capable of being recognised by a T cell
receptor that recognises (i) or (ii), which in the
case of a peptide analogue is not more than 50 amino
acids in length, or (iv) a product comprising two or
more agents as defined in (i), (ii) or (iii), and (b)
determining in vitro whether T cells in the sample
recognise the agent, recognition by the T cells
indicating that the individual has, or is susceptible
to, coeliac disease. Through comprehensive mapping of
wheat gliadin T cell epitopes (see Example 13), the
inventors have also found epitopes bioactive in
coeliac disease in HLA-DQ2+ patients in other wheat
gliadins, having similar core sequences (e.g., SEQ ID
NOS:18-22) and similar full length sequences (e.g.,
SEQ ID NOS:31-36), as well as in rye secalins and
barley hordeins (e.g., SEQ ID NOS:39-41); see also
Tables 20 and 21. Additionally, several epitopes
bioactive in coeliac disease in HLA-DQ8+ patients have
been identified (e.g., SEQ ID NOS:42-44, 46). This
comprehensive mapping thus provides the dominant
epitopes recognized by T cells in coeliac patients.
Thus, the above-described method and other methods of
the invention described herein may be performed using
any of these additional identified epitopes, and
analogues and equivalents thereof; (i) and (ii) herein
include these additional epitopes. That is, the agents
of the invention also include these novel epitopes.
The invention also provides use of the agent for the
preparation of a diagnostic means for use in a method
of diagnosing coeliac disease, or susceptibility to
coeliac disease, in an individual, said method
comprising determining whether T 



cells of the individual recognise the agent,
recognition by the T cells indicating that the
individual has, or is susceptible to, coeliac
disease.The finding of an immunodominant epitope which
is modified by transglutaminase (as well as the
additional other epitopes defined herein) also allows
diagnosis of coeliac disease based on determining
whether other types of immune response to this epitope
are present. Thus the invention also provides a method
of diagnosing coeliac disease, or susceptibility to
coeliac disease, in an individual comprising
determining the presence of an antibody that binds to
the epitope in a sample from the individual, the
presence of the antibody indicating that the
individual has, or is susceptible to, coeliac disease.
The invention additionally provides the agent,
optionally in association with a carrier, for use in a
method of treating or preventing coeliac disease by
tolerising T cells which recognise the agent. Also
provided is an antagonist of a T cell which has a T
cell receptor that recognises (i) or (ii), optionally
in association with a carrier, for use in a method of
treating or preventing coeliac disease by antagonising
such T cells. Additionally provided is the agent or an
analogue that binds an antibody (that binds the agent)
for use in a method of treating or preventing coeliac
disease in an individual by tolerising the individual
to prevent the production of such an antibody. The
invention provides a method of determining whether a
composition is capable of causing coeliac disease
comprising determining whether a protein capable of
being modified by a transglutaminase to an
oligopeptide sequence as defined above is present in
the composition, the presence of the protein
indicating that the composition is capable of causing
coeliac disease. The invention also provides a mutant
gliadin protein whose wild-type sequence can be
modified by a transglutaminase to a sequence that
comprises an epitope comprising sequence as defined
above, but which mutant gliadin protein has been
modified in such a way that it does not contain
sequence which can be modified by a transglutaminase
to a sequence that comprises such an epitope
comprising sequence; or a fragment of such a mutant
gliadin protein which is at least 15 amino acids long
and which comprises sequence which has been modified
in said way. The invention also provides a protein
that comprises a sequence which is able to bind to a T
cell receptor, which T cell receptor recognises the
agent, and which sequence is able to cause antagonism
of a T cell that carries such a T cell
receptor.Additionally the invention provides a food
that comprises the proteins defined above. SUMMARY OF
THE INVENTION The present invention provides methods
of preventing or treating coeliac disease comprising
administering to an individual at least one agent
selected from: a) a peptide comprising at least one
epitope comprising a sequence selected from the group
consisting of SEQ ID NOs:18-22, 31-36, 39-44, and46,
and equivalents thereof; and b) an analogue of a)
-which is capable of being recognised by a T cell
receptor that recognises the peptide of a) and which
is not more than 50 amino acids in length; and c)
optionally, in addition to the agent selected from a)
and b), a peptide comprising at least one epitope
comprising a sequence selected from SEQ ID NO:1 and
SEQ ID NO:2. In some embodiments, the agent is
HLA-DQ2-restricted, HLADQ8- restricted or one agent is
HLA-DQ2-restricted and a second agent is HLADQ8-
restricted. In some embodiments, the agent comprises a
wheat epitope, a rye epitope, a barley epitope or any
combination thereof either as a single agent or as
multiple agents. The present invention also provides
methods of preventing or treating coeliac disease
comprising administering to an individual a
pharmaceutical composition comprising an agent above
and pharmaceutically acceptable carrier or diluent.
The present invention also provides methods of
preventing or treating coeliac disease comprising
administering to an individual a pharmaceutical
composition comprising an antagonist of a T cell which
has a T cell receptor as defined above, and a
pharmaceutically acceptable carrier or diluent. The
present invention also provides methods of preventing
or treating coeliac disease comprising administering
to an individual a composition for tolerising an
individual to a gliadin protein to suppress the
production of a T cell or antibody response to an
agent as defined above, which composition comprises an
agent as defined above. The present invention also
provides methods of preventing or treating coeliac 



disease by 1) diagnosing coeliac disease in an
individual by either: a) contacting a sample from the
host with at least one agent selected from: i) a
peptide comprising atleast one epitope comprising a
sequence selected from the group consisting of: SEQ ID
NOS:18-22, 31-36, 39-44, and 46, and equivalents
thereof; and ii) an analogue of i) which is capable of
being recognised by a T cell receptor that recognises
i) and which is not more than 50 amino acids in
length; and iii) optionally, in addition to the agent
selected from i) and ii), a peptide comprising at
least one epitope comprising a sequence selected from
SEQ ID NOS:1 and 2; and determining in vitro whether T
cells in the sample recognise the agent; recognition
by the T cells indicating that the individual has, or
is susceptible to, coeliac disease; or b)
administering an agent as defined above and
determining in vivo whether T cells in the individual
recognise the agent, recognition of the agent
indicating that the individual has or is susceptible
to coeliac disease; and 2) administering to an
individual diagnosed as having, or being susceptible
to, coeliac disease a therapeutic agent for preventing
or treating coeliac disease. The present invention
also provides agents as defined above, optionally in
association with a carrier, for use in a method of
treating or preventing coeliac disease by tolerising T
cells which recognise the agent. The present invention
also provides antagonists of a T cell which has a T
cell receptor as defined above, optionally in
association with a carrier, for use in a method of
treating or preventing coeliac disease by antagonising
such T cells. The present invention also provides
proteins that comprises a sequence which is able to
bind to a T cell receptor, which T cell receptor
recognises an agent as defined above, and which
sequence is able to cause antagonism of a T cell that
carries such a T cell receptor. The present invention
also provides pharmaceutical compositions comprising
an agent or antagonist as defined and.a
pharmaceutically acceptable carrier or diluent. The
present invention also provides compositions for
tolerising an individual to a gliadin protein to
suppress the production of a T cell or antibody
response to an agent as defined above, which
composition comprises an agent as defined above. The
present invention also provides compositions for
antagonising a T cell response to an agent as defined
above, which composition comprises an antagonist as
defined above.The present invention also provides
mutant gliadin proteins whose wild-type sequence can
be modified by a transglutaminase to a sequence which
is an agent as defined in claim 1, which mutant
gliadin protein comprises a mutation which prevents
its modification by a transglutaminase to a sequence
which is an agent as defined above; or a fragment of
such a mutant gliadin protein which is at least 15
amino acids long and which comprises the mutation. The
present invention also provides polynucleotides that
comprises a coding sequence that encodes a protein or
fragment as defined above. The present invention-also
provides cells comprising a polynucleotide as defined
above or which has been transformed with such a
polynucleotide. The present invention also provides
mammals that expresses a T cell receptor as defined
above. The present invention also provides methods of
diagnosing coeliac disease, or susceptibility to
coeliac disease, in an individual comprising: a)
contacting a sample from the host with at least one
agent selected from i) a peptide comprising at least
one epitope comprising a sequence selected from the
group consisting of: SEQ ID NOS:18-22, 31-36, 39-44,
and 46, and equivalents thereof; and ii) an analogue
of i) which is capable of being recognised by a T cell
receptor that recognises i) and which is not more than
50 amino acids in length; and iii) optionally, in
addition to the agent selected from i) and ii), a
peptide comprising at least one epitope comprising a
sequence selected from SEQ ID NOS: 1 and 2; and b)
determining in vitro whether T cells in the sample
recognise the agent; recognition by the T cells
indicating that the individual has, or is susceptible
to, coeliac disease. The present invention also
provides methods of determining whether a composition
is capable of causing coeliac disease comprising
determining whether a protein capable of being
modified by a transglutaminase to an oligopeptide
sequence is present in the composition, the presence
of the protein indicating that the composition is
capable of causing coeliac disease. 



The present invention also provides methods of
identifying an antagonist of a T cell, which T cell
recognises an agent as defined above, comprising
contacting a candidate substance with the T cell and
detecting whether the substance causes a decrease in
the ability of the T cell to undergo an antigen
specific response, thedetecting of any such decrease
in said ability indicating that the substance is an
antagonist. The present invention also provides kits
for carrying out any of the method described above
comprising an agent as defined above and a means to
detect the recognition of the peptide by the T cell.
The present invention also provides methods of
identifying a product which is therapeutic for coeliac
disease comprising administering a candidate substance
to a mammal as defined above which has, or which is
susceptible to, coeliac disease and determining
whether substance prevents or treats coeliac disease
in the mammal, the prevention or treatment of coeliac
disease indicating that the substance is a therapeutic
product. The present invention also provides processes
for the production of a protein encoded by a coding
sequence as defined above which process comprises: a)
cultivating a cell described above under conditions
that allow the expression of the protein; and
optionally b) recovering the expressed protein. The
present invention also provides methods of obtaining a
transgenic plant cell comprising transforming a plant
cell with a vector as described above to give a
transgenic plant cell. The present invention also
provides methods of obtaining a first-generation
transgenic plant comprising regenerating a transgenic
plant cell transformed with a vector as described
above to give a transgenic plant. The present
invention also provides methods of obtaining a
transgenic plant seed comprising obtaining a
transgenic seed from a transgenic plant obtainable as
described above. The present invention also provides
methods of obtaining a transgenic progeny plant
comprising obtaining a second-generation transgenic
progeny plant from a first-generation transgenic plant
obtainable by a method as described above, and
optionally obtaining transgenic plants of one or more
further generations from the second-generation progeny
plant thus obtained. The present invention also
provides transgenic plant cells, plants, plant seeds
or progeny plants obtainable by any of the methods
described above.The present invention also provides
transgenic plants or plant seeds comprising plant
cells as described above. The present invention also
provides transgenic plant cell calluses comprising
plant cells as described above obtainable from a
transgenic plant cell, first-generation plant, plant
seed or progeny as defined above. The present
invention also provides methods of obtaining a crop
product comprising harvesting a crop product from a
plant according to any method described above and
optionally further processing the harvested product.
The present invention -also provides food that
comprises a protein as defined above. BRIEF
DESCRIPTION OF THE DRAWINGS The invention is
illustrated by the accompanying drawings in which:
Figure 1 shows freshly isolated PBMC (peripheral blood
mononuclear cell) IFNg ELISPOT responses (vertical
axis shows spot forming cells per 10d PBMC) to
transglutaminase (tTG)-treated and untreated peptide
pool 3 (each peptide 10 mg/ml) including five
overlapping 15mers spanning A-gliadin 51-85 (see Table
1) and achymotrypsin- digested gliadin (40 mg/ml) in
coeliac disease Subject 1, initially in remission
following a gluten free diet then challenged with 20Og
bread daily for three days from day 1 (a). PBMC IFNg
ELISPOT responses by Subject 2 to tTG-treated
A-gliadin peptide pools 1-10 spanning the complete
A-gliadin protein during ten day bread challenge (b).
The horizontal axis shows days after commencing bread.
Figure 2 shows PBMC IFNg ELISPOT responses to
tTG-treated peptide pool 3 (spanning A-gliadin 51-85)
in 7 individual coeliac disease subjects (vertical
axis shows spot forming cells per 106 PBMC), initially
in remission on gluten free diet, challenged with
bread for three days (days 1 to 3). The horizontal
axis shows days after commencing bread (a). PBMC IFNg
Elispot responses to tTG-treated overlapping 15mer
peptides included in pool 3; bars represent the mean (
SEM) 



response to individual peptides (10 mg/ml) in 6
Coeliac disease subjects on day 6 or 7(b). (In
individual subjects, ELISPOT responses to peptides
were calculated as a % of response elicited by peptide
12 - as shown by the vertical axis.)Figure 3 shows
PBMC IFNg ELISPOT responses to tTG-treated truncations
ofA-gliadin 56-75 (0.1 mM). Bars represent the mean (
SEM) in 5 Coeliac disease subjects. (In individual
subjects, responses were calculated as the % of the
maximal response elicited by any of the peptides
tested.) Figure 4 shows how the minimal structure
ofthe dominant A-gliadin epitope was mapped using
tTG-treated 7-17mer A-gliadin peptides (0.1 mM)
including the sequence, PQPOJLPY (SEQ ID NO:4)
(A-gliadin 62-68) (a), and the same peptides without
tTG treatment but with the substitution Q- "E65 (b).
Each line represents PBMC IFNg ELISPOT responses in
each of three Coeliac disease subjects on day 6 or 7
after bread was ingested on days 1-3. (In individual
subjects, ELISPOT responses were calculated as a % of
the response elicited by the 17mer, A-gliadin 57-73.)
Figure 5 shows the amino acids that were deamidated by
tTG. A-gliadin 56- 75 LQLQPFPQPQLPYPQPQSFP (SEQ ID
NO:5) (0.1 mM) was incubated with tTG (50 mg/ml) at
370C for 2 hours. A single product was identified and
purified by reverse phase HPLC. Amino acid analysis
allowed %deamidation (Q- E) of each GIn residue in
A-gliadin 56-75 attributable to tTG to be calculated
(vertical axis). Figure 6 shows the effect of
substituting Q >E hi A-gliadin 57-73 at other
positions in addition to Q65 using the 17mers:
gLQPFPQPELPYPQPQS (SEQ ID NO:6) (E57,65),
QLQPFPQPELPYPQPES (SEQ ID NO:7) (E65,72),
ELQPFPQPELPYPQPES (SEQ ID NO:8) (E57, 65, 72), and
QLQPFPQPELPYPQPQS (SEQ DD NO:2) (E65) in three Coeliac
disease subjects on day 6 or 7 after bread was
ingested on days 1-3. Vertical axis shows % ofthe E65
response. Figure 7 shows that tTG treated A-gliadin
56-75 (0. 1 mM) elicited IFN-g ELISPOT responses in
(a) CD4 and CD8 magnetic bead depleted PBMC. (Bars
represent CD4 depleted PBMC responses as a % of CD8
depleted PBMC responses; spot forming cells per
million CD8 depleted PBMC were: Subject 4: 29, and
Subject 6: 535). (b) PBMC IFNg ELISPOT responses (spot
forming cells/million PBMC) after incubation with
monoclonal antibodies to HLA-DR (L243), -DQ (L2) and
-DP (B7.21) (10 mg/ml) Ih prior to tTG-treated 56-75
(0.1 mM) in two coeliac disease subjects homozygous
for HLA-DQ al*0501, bl*0201.Figure 8 shows the effect
of substituting GIu at position 65 for other amino
acids in the immunodominant epitope. The vertical axis
shows the % response in the 3 subjects in relation to
the immunodominant epitope. Figure 9 shows the
immunoreactivity of naturally occurring gliadin
peptides (measuring responses from 3 subjects) which
contain the sequence PQLPY (SEQ ID NO:12) with
(shaded) and without (clear) transglutaminase
treatment. Figure 10 shows CD8, CD4, b , and aE
-specific immunomagnetic bead depletion of peripheral
blood mononuclear cells from two coeliac subjects 6
days after commencing gluten challenge followed by
interferon gamma ELISpot. Agliadin 57-73 QE65
(25mcg/ml), tTG-treated chymotrypsin-digested gliadin
(100 mcg/ml) or PPD (10 mcg/ml) were used as antigen.
Figure 11 shows the optimal T cell epitope length.
Figure 12 shows a comparison of A-gliadin 57-73 QE65
with other peptides in a dose response study. Figure
13 shows a comparison of gliadin and A-gliadin 57-73
QE65 specific responses. Figure 14 shows the
bioactivity of gliadin polymorphisms in coeliac
subjects. Figures 15 and 16 show the defining of the
core epitope sequence. Figures 17 to 27 show the
agonist activity of A-gliadin 57-73 QE65 variants.
Figure 28 shows responses in different patient groups.
Figure 29 shows bioactivity of prolamin homologues of
A-gliadin 57-73. Figure 30 shows, for healthy HLA-DQ2
subjects, the change in IFN-gamma ELISpot responses to
tTG-deamidated gliadin peptide pools. Figure 31 shows,
for coeliac HLA-DQ2 subjects, the change in IFN-gamma
ELISpot responses to tTG-deamidated gliadin peptide
pools. Figure 32 shows individual peptide
contributions to "summed" gliadin peptide response. 



Figure 33 shows, for coeliac HLA-DQ2/8 subject C08,
gluten challenge induced IFNg ELISpot responses to
tTG-deamidated gliadin peptide pools. Figure 34 shows,
for coeliac HLA-DQ2/8 subject C07, gluten challenge
induced IFNg ELISpot responses to tTG-deamidated
gliadin peptide pools.Figure 35 shows, for coeliac
HLA-DQ8/7 subject C12, gluten challenge induced IFNg
ELISpot responses to tTG-deamidated gliadin peptide
pools. Figure 36 shows, for coeliac HLA-DQ6/8 subject
CIl, gluten challenge induced IFNg ELISpot responses
to tTG-deamidated gliadin peptide pools. Detailed
Description of the Invention The term "coeliac
disease" encompasses a spectrum of conditions caused
by varying degrees of gluten sensitivity, including a
severe form characterised by a flat small intestinal
mucosa (hyperplastic villous atrophy) and other forms
characterised by milder symptoms. The individual
mentioned above (in the context of diagnosis or
therapy) is human. They may have coeliac disease
(symptomatic or asymptomatic) or be suspected of
having it. They may be on a gluten free diet. They may
be in an acute phase response (for example they may
have coeliac disease, but have only ingested gluten in
the last 24 hours before which they had been on a
gluten free diet for 14 to 28 days). The individual
may be susceptible to coeliac disease, such as a
genetic susceptibility (determined for example by the
individual having relatives with coeliac disease or
possessing genes which cause predisposition to coeliac
disease). The agent The agent is typically a peptide,
for example of length 7 to 50 amino acids, such as 10
to 40, or 15 to 30 amino acids in length. SEQ ID NO:1
is PQPELPY. SEQ ID NO:2 is QLQPFPQPELPYPQPQS. SEQ ID
NO:3 is shown in Table 1 and is the sequence of a
whole A-gliadin. The glutamate at position 4 of SEQ ID
NO: 1 (equivalent to position 9 of SEQ ID NO:2) is
generated by transglutaminase treatment of A-gliadin.
The agent may be the peptide represented by SEQ ID
NO:1 or 2 or an epitope comprising sequence that
comprises SEQ ID NO:1 which is an isolated
oligopeptide derived from a gliadin protein; or an
equivalent of these sequences from a naturally
occurring gliadin protein which is a homologue of SEQ
ID NO:3. Thus the epitope may be a derivative of the
protein represented by SEQ ID NO:3. Such a derivative
istypically a fragment of the gliadin, or a mutated
derivative of the whole protein or fragment. Therefore
the epitope of the invention does not include this
naturally occurring whole gliadin protein, and does
not include other whole naturally occurring gliadins.
The epitope may thus be a fragment of A-gliadin (e.g.
SEQ ID NO:3), which comprises the sequence of SEQ ID
NO: 1, obtainable by treating (fully or partially)
with transglutaminase, i.e. with 1, 2, 3 or more
glutamines substituted to glutamates (including the
substitution within SEQ ID NO:1). Such fragments may
be or may include the sequences represented by
positions 55 to 70, 58 to 73, 6 1 to 77 of SEQ ID NO:3
shown in Table 1. Typically such fragments will be
recognised by T cells to at least the same extent that
the peptides represented by SEQ ID NO:1 or 2 are
recognised in any of the assays described herein using
samples from coeliac disease patients. Additionally,
the agent may be the peptide represented by any of SEQ
ID NOS: 18-22, 31-36, 39-44, and 46 or a protein
comprising a sequence corresponding to any of SEQ ID
NOS: 18-22, 31-36, 39-44, and 46 (such as fragments of
a gliadin comprising any of SEQ ID NOS:18-22, 31-36,
39-44, and 46, for example after the gliadin has been
treated with transglutaminase). Bioactive fragments of
such sequences are also agents of the invention.
Sequences equivalent to any of SEQ ID NOS:18-22,
31-36, 39-44, and 46 or analogues of these sequences
are also agents of the invention. In the case where
the epitope comprises a sequence equivalent to the
above epitopes (including fragments) from another
gliadin protein (e.g. any of the gliadin proteins
mentioned herein or any gliadins which cause coeliac
disease), such equivalent sequences will correspond to
a fragment of a gliadin protein typically treated
(partially or fully) with transglutaminase. Such
equivalent peptides can be determined by aligning the
sequences of other gliadin proteins with the gliadin
from which the original epitope derives, such as with
SEQ ID NO:3 (for example using 



any of the programs mentioned herein).
Transglutaminase is commercially available (e.g. Sigma
T-5398). Table 4 provides a few examples of suitable
equivalent sequences.The agent which is an analogue is
capable of being recognised by a TCR which recognises
(i) or (ii). Therefore generally when the analogue is
added to T cells in the presence of (i) or (ii),
typically also inthe presence of an antigen presenting
cell (APC) (such as any of the APCs mentioned herein),
the analogue inhibits the recognition of (i) or (ii),
i.e. the analogue is able to compete with (i) or (ii)
in such a system. The analogue may be one which is
capable of binding the TCR which recognises (i) or
(ii). Such binding can be tested by standard
techniques. Such TCRs can be isolated from T cells
which have been shown to recognise (i) or (ii) (e.g.
using the method of the invention). Demonstration of
the binding of the analogue to the TCRs can then shown
by determining whether the TCRs inhibit the binding of
the analogue to a substance that binds the analogue,
e.g. ari antibody to the analogue. Typically the
analogue is bound to a class II MHC molecule (e.g.
HLA-DQ2) in such an inhibition of binding assay.
Typically the analogue inhibits the binding of (i) or
(ii) to a TCR. In this case the amount of (i) or (ii)
which can bind the TCR in the presence of the analogue
is decreased. This is because the analogue is able to
bind the TCR and therefore competes with (i) or (ii)
for binding to the TCR. T cells for use in the above
binding experiments can be isolated from patients with
coeliac disease, for example with the aid of the
method of the invention. Other binding characteristics
of the analogue may also.be the same as (i) or (ii),
and thus typically the analogue binds to the same MHC
class II molecule to which the peptide binds (HLA-DQ2
or -DQ8). The analogue typically binds to antibodies
specific for (i) or (ii), and thus inhibits binding of
(i) or (ii) to such antibodies. The analogue is
typically a peptide. It may have homology with (i) or
(ii), typically at least 70% homology, preferably at
least 80, 90%, 95%, 97% or 99% homology with (i) or
(ii), for example over a region of at least 15 more
(such as the entire length of the analogue and/or (i)
or (ii), or across the region which contacts the TCR
or binds the MHC molecule) contiguous amino acids.
Methods of measuring protein homology are well known
in the art and it will be understood by those of
skillin the art that in the present context, homology
is calculated on the basis of amino acid identity
(sometimes referred to as "hard homology"). For
example the UWGCG Package provides the BESTFIT program
which can be used to calculate homology (for example
used on its default settings) (Devereux et al (1984)
Nucleic Acids Research 12, p387-395). The PILEUP and
BLAST algorithms can be used to calculate homology or
line up sequences (typically on their default
settings), for example as described in Altschul S. F.
(1993) J MoI Evol 36:290-300; Altschul, S, F et al
(1990) J MoI Biol 215:403-10. Software for performing
BLAST analyses is publicly available through the
National Center for Biotechnology Information on the
world wide web through the internet at, for example,
"www.ncbi.nlm.nih.gov/". This algorithm involves first
identifying high scoring sequence pair (HSPs) by
identifying short words of length W in the query
sequence that either match or satisfy some
positive-valued threshold score T when aligned with a
word of the same length in a database sequence. T is
referred to as the neighbourhood word score threshold
(Altschul et al, supra). These initial neighbourhood
word hits act as seeds for initiating searches to find
HSPs containing them. The word hits are extended in
both directions along each sequence for as far as the
cumulative alignment score can be increased.
Extensions for the word hits in each direction are
halted when: the cumulative alignment score falls off
by the quantity X from its maximum achieved value; the
cumulative score goes to zero or below, due to the
accumulation of one or more negative-scoring residue
alignments; or the end of either sequence is reached.
The BLAST algorithm parameters W, T and X determine
the sensitivity and speed of the alignment. The BLAST
program uses as defaults a word length (W) of 11, the
BLOSUM62 scoring matrix (see Henikoff and Henikoff
(1992) Proc. Natl. Acad. Sd. USA 89: 10915- 10919)
alignments (B) of 50, expectation (E) of 10, M=5, N=4,
and a comparison of both strands. The BLAST algorithm
performs a statistical analysis of the similarity 



between two sequences; see e.g., Karlin and Altschul
(1993) Proc. Natl. Acad. ScL USA 90: 5873-5787. One
measure of similarity provided by the BLAST algorithm
is the smallest sum probability (P(N)), which provides
an indication of the probability by which a match
between two nucleotide or amino acid sequenceswould
occur by chance. For example, a sequence is considered
similar to another sequence if the smallest sum
probability in comparison of the first sequence to the
second sequence is less than about 1, preferably less
than about 0.1, more preferably less than about 0.01,
and most preferably less than about 0.001. The
homologous peptide analogues typically differ from (i)
or (ii) by 1, 2, 3, 4, 5, 6, 7, 8 or more mutations
(which may be substitutions, deletions or insertions).
These mutations may be measured across any of the
regions mentioned above in relation to calculating
homology. The substitutions are preferably
'conservative'. These are defined according to the
following Table. Amino acids in the same block in the
second column and preferably in the same line in the
third column may be substituted for each other:
Typically the amino acids in the analogue at the
equivalent positions to amino acids in (i) or (ii)
that contribute to binding the MHC molecule or are
responsible for the recognition by the TCR, are the
same or are conserved. Typically the analogue peptide
comprises one or more modifications, which may be
natural post-translation modifications or artificial
modifications. The modification may provide a chemical
moiety (typically by substitution of a hydrogen, e.g.
of a C-H bond), such as an amino, acetyl, hydroxy or
halogen (e.g. fluorine) group or carbohydrate group.
Typically the modification is present on the N or C
terminus. The analogue may comprise one or more
non-natural amino acids, for example amino acids with
a side chain different from natural amino
acids.Generally, the non-natural amino acid will have
an N terminus and/or a C terminus. The non-natural
amino acid may be an L- or a D- amino acid. The
analogue typically has a shape, size, flexibility or
electronic configuration thatis substantially similar
to (i) or (ii). It is typically a derivative of (i) or
(ii). In one embodiment the analogue is a fusion
protein comprising the sequence of SEQ ID NO:1 or 2,
or any of the other peptides mentioned herein; and
non-gliadin sequence. In one embodiment the analogue
is or mimics (i) or (ii) bound to a MHC class II
molecule. 2, 3, 4 or more of such complexes may be
associated or bound to each other, for example using a
biotin/streptavidin based system, in which typically
2, 3 or 4 biotin labelled MHC molecules bind to a
streptavidin moiety. This analogue typically inhibits
the binding of the (i) or (ii)/MHC Class II complex to
a TCR or antibody which is specific for the complex.
The analogue is typically an antibody or a fragment of
an antibody, such as a Fab or (Fab)2 fragment. The
analogue may be immobilised on a solid support,
particularly an analogue that mimics peptide bound to
a MHC molecule. The analogue is typically designed by
computational means and then synthesised using methods
known in the art. Alternatively the analogue can be
selected from a library of compounds. The library may
be a combinatorial library or a display library, such
as a phage display library. The library of compounds
may be expressed in the display library in the form of
being bound to a MHC class II molecule, such as
HLA-DQ2 or -DQ8. Analogues are generally selected from
the library based on their ability to mimic the
binding characteristics (i) or (ii). Thus they may be
selected based on ability to bind a TCR or antibody
which recognises (i) or (ii). Typically analogues will
be recognised by T cells to at least the same extent
as any of the agents (i) or (ii), for example at least
to the same extent as the equivalent epitope and
preferably to the same extent as the peptide
represented by SEQ ID NO:2, is recognised in any of
the assays described herein, typically using T cells
from coeliac disease patients. Analogues may be
recognised to these extents in vivo and thus may be
able to induce coeliac disease symptoms to at least
the sameextent as any of the agents mentioned herein
(e.g. in a human patient or animal model). Analogues
may be identified in a method comprising determining
whether a candidate substance is recognised by a T
cell receptor that recognises an epitope of the
invention, recognition of the substance indicating
that the substance is an analogue. Such TCRs may be
any of the TCRs mentioned herein, and may be 



present on T cells. Any suitable assay mentioned
herein can be used to identify the analogue. In one
embodiment this method is carried out in vivo. As
mentioned above preferred analogues are reeognised to
at least the same extent as the peptide SEQ ID NO:2,
and so the method may be used to identify analogues
which are reeognised to this extent. In one embodiment
the method comprises determining whether a candidate
substance is able to inhibit the recognition of an
epitope of the invention, inhibition of recognition
indicating that the substance is an analogue. The
agent may be a product comprising at least 2, 5, 10 or
20 agents as defined by (i), (ii) or (iii). Typically
the composition comprises epitopes of the invention
(or equivalent analogues) from different gliadins,
such as any of the species or variety of or types of
gliadin mentioned herein. Preferred compositions
comprise at least one epitope of the invention, or
equivalent analogue, from all of the gliadins present
in any of the species or variety mentioned herein, or
from 2, 3, 4 or more of the species mentioned herein
(such as from the panel of species consisting of
wheat, rye, barley, oats and triticale). Thus, the
agent may be monovalent or multivalent. Diagnosis As
mentioned above the method of diagnosis of the
invention may be based on the detection of T cells
that bind the. agent or on the detection of antibodies
that recognise the agent. The T cells that recognise
the agent in the method (which includes the use
mentioned above) are generally T cells that have been
pre-sensitised in vivo to gliadin. As mentioned above
such antigen-experienced T cells have been found to be
present in the peripheral blood.In the method the T
cells can be contacted with the agent in vitro or in
vivo, and determining whether the T cells recognise
the agent can be performed in vitro or in vivo. Thus
the invention provides the agent for use in a method
of diagnosis practiced on the human body. Different
agents are provided for simultaneous, separate or
sequential use in such a method. The in vitro method
is typically carried out in aqueous solution into
which the agent is added. The solution will also
comprise the T cells (and in certain embodiments the
APCs discussed below). The term 'contacting' as used
herein includes adding the particular substance to the
solution. Determination of whether the T cells
recognise the agent is generally accomplished by
detecting a change in the state of the T cells in the
presence of the agent or detemiining whether the T
cells bind the agent. The change in state is generally
caused by antigen specific functional activity of the
T cell after the TCR binds the agent. The change of
state may be measured inside (e.g. change in
intracellular expression of proteins) or outside (e.g.
detection of secreted substances) the T cells. The
change in state of the T cell may be the start of or
increase in secretion of a substance from the T cell,
such as a cytokine, especially IFN-g , IL-2 or TNF-a.
Determination of IFN-g secretion is particularly
preferred. The substance can typically be detected by
allowing it to bind to a specific binding agent and
then measuring the presence of the specific binding
agent/substance complex. The specific binding agent is
typically an antibody, such as polyclonal or
monoclonal antibodies. Antibodies to cytokines are
commercially available, or can be made using standard
techniques. Typically the specific binding agent is
immobilised on a solid support. After the substance is
allowed to bind the solid support can optionally be
washed to remove material which is not specifically
bound to the agent. The agent/substance complex may be
detected by using a second binding agent that will
bind the complex. Typically the second agent binds the
substance at a site which is different from the site
which binds the first agent. The second agent is
preferably an antibody and is labelled directly or
indirectly by a detectable label.Thus the second agent
may be detected by a third agent that is typically
labelled directly or indirectly by a detectable label.
For example the second agent may comprise a biotin
moiety, allowing detection by a third agent which
comprises a streptavidin moiety and typically alkaline
phosphatase as a detectable label. In one embodiment
the detection system which is used is the ex-vivo
ELISPOT assay described in WO 98/23960. In that assay
IFN-g secreted from the T 



cell is bound by a first IFN-g specific antibody that
is immobilised on a solid support. The bound IFN-g is
then detected using a second IFN-g specific antibody
which is labelled with a detectable label. Such a
labelled antibody can be obtained from MABTECH
(Stockholm, Sweden). Other detectable labels which can
be used are discussed below. The change in state of
the T cell that can be measured may be the increase in
the uptake of substances by the T cell, such as the
uptake of thymidine. The change in state may be an
increase in the size of the T cells, or proliferation
of the T cells, or a change in cell surface markers on
the T cell. In one embodiment the change of state is
detected by measuring the change in the intracellular
expression of proteins, for example the increase in
intracellular expression of any of the cytokines
mentioned above. Such intracellular changes may be
detected by contacting the inside of the T cell with a
moiety that binds the expressed proteins in a specific
manner and which allows sorting of the T cells by flow
cytometry. In one embodiment when binding the TCR the
agent is bound to an MHC class II molecule (typically
HLA-DQ2 or -DQ8), which is typically present on the
surface of an antigen presenting cell (APC). However
as mentioned herein other agents can bind a TCR
without the need to also bind an MHC molecule.
Generally the T cells which are contacted in the
method are taken from the individual in a blood
sample, although other types of samples which contain
T cells can be used. The sample may be added directly
to the assay or may be processed first. Typically the
processing may comprise diluting of the sample, for
example with water or buffer. Typically the sample is
diluted from. 1.5 to 100 fold, for example 2 to 50 or
5 to 10 fold.The processing may comprise separation of
components of the sample. Typically mononuclear cells
(MCs) are separated from the samples. The MCs will
comprise the T cells and APCs. Thus in the method the
APCs present in the separated MCs can present the
peptide to the T cells. In another embodiment only T
cells, such as only CD4 T cells, can be purified from
the sample. PBMCs, MCs and T cells can be separated
from the sample using techniques known in the art,
such as those described in Lalvani et al (1997) J.
Exp. Med. 186, p859-865. In one embodiment, the T
cells used in the assay are in the form of unprocessed
or diluted samples, or are freshly isolated T cells
(such as in the form of freshly isolated MCs or PBMCs)
which are used directly ex vivo, i.e. they are not
cultured before being used in the method. Thus the T
cells have not been restimulated in an antigen
specific manner in vitro. However the T cells can be
cultured before use, for example in the presence of
one or more of the agents, and generally also
exogenous growth promoting cytokines. During culturing
the agent(s) are typically present on the surface of
APCs, such as the APC used in the method.
Pre-culturing of the T cells may lead to an increase
in the sensitivity of the method. Thus the T cells can
be converted into cell lines, such as short term cell
lines (for example as described in Ota et al (1990)
Nature 346, pl83-187). The APC that is typically
present in the method may be from the same individual
as the T cell or from a different host. The APC may be
a naturally occurring APC or an artificial APC. The
APC is a cell that is capable of presenting the
peptide to a T cell. It is typically a B cell,
dendritic cell or macrophage. It is typically
separated from the same sample as the T cell and is
typically co-purified with the T cell. Thus the APC
may be present in MCs or PBMCs: The APC is typically a
freshly isolated ex vivo cell or a cultured'cell. It
may be in the form of a cell line, such as a short
term or immortalised cell line. The APC may express
empty MHC class II molecules on its surface. In the
method one or more (different) agents may be used.
Typically the T cells derived from the sample can be
placed into an assay with all the agents which it is
intended to test or the T cells can be divided and
placed into separate assays each of which contain one
or more of the agents.The invention also provides the
agents such as two or more of any of the agents
mentioned herein (e.g. the combinations of agents
which are present in the composition agent discussed
above) for simultaneous separate or sequential use
(eg. for in vivo use). In one embodiment agent r se is
added directly to an assay comprising T cells and
APCs. As discussed above the T cells and APCs in such
an assay could be 



in the form of MCs. When agents that can be recognised
by the T cell without the need for presentation by
APCs are used then APCs are not required. Analogues
which mimic the original (i) or (ii) bound to a MHC
molecule are an example of such an agent. In one
embodiment the agent is provided to the APC in the
absence of the T cell. The APC is then provided to the
T cell, typically after being allowed to present the
agent on its surface. The peptide may have been taken
up inside the APC and presented, or simply be taken up
onto the surface without entering inside the APC. The
duration for which the agent is contacted with the T
cells will vary depending on the method used for
determining recognition of the peptide. Typically 105
to 107, preferably 5x1 05 to 106 PBMCs are added to
each assay. In the case where agent is added directly
to the assay its concentration is from 10 1 to
103mg/ml, preferably 0.5 to 50mg/ml or 1 to l Omg/ml.
Typically the length of time for which the T cells are
incubated with the agent is from 4 to 24 hours,
preferably 6 to 16 hours. When using ex vivo PBMCs it
has been found that 0.3xl0 6 PBMCs can be incubated in
l Omg/ml of peptide for 12 hours at 37C. The
determination of the recognition of the agent by the T
cells may be done by measuring the binding of the
agent to the T cells (this can be carried out using
any suitable binding assay format discussed herein).
Typically T cells which bind the agent can be sorted
based on this binding, for example using a FACS
machine. The presence of T cells that recognise the
agent will be deemed to occur if the frequency of
cells sorted using the agent is above a "control"
value. The frequency of antigenexperienced T cells is
generally 1 in 106 to 1 in 103, and therefore whether
or not the sorted cells are antigen-experienced T
cells can be determined.The determination of the
recognition of the agent by the T cells may be
measured in vivo. Typically the agent is administered
to the host and then a response which indicates
recognition of the agent may be measured. The agent is
typically administered intradermally or epidermally.
The agent is typically administered by contacting with
the outside of the skin, and may be retained at the
site with the aid of a plaster or dressing.
Alternatively the agent may be administered by needle,
such as by injection, but can also be administered by
other methods such as ballistics (e.g. the ballistics
techniques which have been used to deliver nucleic
acids). EP-A- 0693 119 describes techniques that can
typically be used to administer the agent. Typically
from 0.001 to 1000 mg, for example from 0.01 to 100 mg
or 0.1to 10 mg of agent is administered. In one
embodiment a product can be administered which is
capable of providing the agent in vivo. Thus a
polynucleotide capable of expressing the agent can be
administered, typically in any of the ways described
above for the administration of the agent. The
polynucleotide typically has any of the
characteristics of the polynucleotide provided by the
invention which is discussed below. The agent is
expressed from the polynucleotide in vivo. Typically
from 0.001 to 1000 mg, for example from 0.01 to 100 mg
or 0.1 to 10 mg of polynucleotide is administered.
Recognition of the agent administered to the skin is
typically indicated by the occurrence of inflammation
(e.g. induration, erythema or oedema) at the site of
administration. This is generally measured by visual
examination of the site. The method of diagnosis based
on the detection of an antibody that binds the agent
is typically carried out by contacting a sample from
the individual (such as any of the samples mentioned
here, optionally processed in any manner mentioned
herein) with the agent and determining whether an
antibody in the sample binds the agent, such a binding
indicating that the individual has, or is susceptible
to coeliac disease. Any suitable format of binding
assay may be used, such as any such format mentioned
herein. TherapyThe identification of the
immunodominant epitope and other epitopes described
herein allows therapeutic products to be made which
target the T cells which recognise this epitope (such
T cells being ones which participate in the immune
response against gliadin). These findings also allow
the prevention or treatment of coeliac disease by
suppressing (by tolerisation) an antibody or T cell
response to the epitope(s). Certain agents of the
invention bind the TCR that recognises the epitope of 



the invention (as measured using any of the binding
assays discussed above) and cause tolerisation of the
T cell that carries the TCR. Such agents, optionally
in association with a carrier, can therefore be used
to prevent or treat coeliac disease. Generally
tolerisation can be caused by the same peptides which
can (after being recognised by the TCR) cause antigen
specific functional activity of the T cell (such as
any such activity mentioned herein, e.g. secretion of
cytokines). Such agents cause tolerisation when they
are presented to the immune system in a 'tolerising'
context. Tolerisation leads to a decrease in the
recognition of a T cell or antibody epitope by the
immune system. In the case of a T cell epitope this
can be caused by the deletion or anergising of T cells
that recognise the epitope. Thus T cell activity (for
example as measured in suitable assays mentioned
herein) in response to the epitope is decreased.
Tolerisation of an antibody response means that a
decreased amount of specific antibody to the epitope
is produced when the epitope is administered. Methods
of presenting antigens to the immune system in such a
context are known and are described for example in
Yoshida et al. Clin. Immunol. Immunopathol. 82,
207-215 (1997), Thurau et al. Clin. Exp. Immunol. 109,
370-6 (1997), andWeiner et al. Res. Immunol. 148,
528-33 (1997). In particular certain routes of
administration can cause tolerisation, such as oral,
nasal or intraperitoneal. Tolerisation may also be
accomplished via dendritic cells and tetramers
presenting peptide. Particular products which cause
tolerisation may be administered (e.g. in a
composition that also comprises the agent) to the
individual. Such products include cytokines, such as
cytokines that favour a Th2 response (e.g. IL-4, TGF-b
or IL-10). Products or agent may be administered at a
dose that causes tolerisation.The invention provides a
protein that comprises a sequence able to act as an
antagonist of the T cell (which T cell recognises the
agent). Such proteins and such antagonists can also be
used to prevent or treat coeliac disease. The
antagonist will cause a decrease in the T cell
response. In one embodiment, the antagonist binds the
TCR of the T cell (generally in the form of a complex
with HLA-DQ2 or -DQ8) but instead of causing normal
functional activation causing an abnormal signal to be
passed through the TCR intracellular signalling
cascade, which causes the T cell to have decreased
function activity (e.g. in response to recognition of
an epitope, typically as measured by any suitable
assay mentioned herein). In one embodiment the
antagonist competes with epitope to bind a component
of MHC processing and presentation pathway, such as an
MHC molecule (typically HLA-DQ2 or -DQ8). Thus the
antagonist may bind HLA-DQ2 or -DQ8 (and thus be a
peptide presented by this MHC molecule), such as
peptide TP (Table 10) or a homologue thereof. Methods
of causing antagonism are known in the art. In one
embodiment the antagonist is a homologue of the
epitopes mentioned above and may have any of the
sequence, binding or other properties of the agent
(particularly analogues). The antagonists typically
differ from any of the above epitopes (which are
capable of causing a normal antigen specific function
in the T cell) by 1, 2, 3, 4 or more mutations (each
of which may be a substitution, insertion or
deletion). Such antagonists are termed "altered
peptide ligands" or "APL" in the art. The mutations
are typically at the amino acid positions that contact
the TCR. The antagonist may differ from the epitope by
a substitution within the sequence that is equivalent
to the sequence represented by amino acids 65 to 67 of
Agliadin (such antagonists are shown in Table 9). Thus
preferably the antagonist has a substitution at the
equivalent of position 64, 65 or 67. Preferably the
substitution is 64W, 67W, 67M or 65T. Since the T cell
immune response to the epitope of the invention in an
individual is polyclonal, more than one antagonist may
need to be administered to cause antagonism of T cells
of the response which have different TCRs. Therefore
the antagonists may be administered in a composition
which comprises at least 2, 4, 6 or more different
antagonists, which each antagonise different T
cells.The invention also provides a method of
identifying an antagonist of a T cell (which
recognises the agent), comprising contacting a
candidate substance with the T cell and detecting
whether the substance causes a decrease in the ability
of the T cell to undergo an antigen specific response
(e.g. using any suitable assay mentioned herein), the
detecting of any such decrease in said ability
indicating that the 



substance is an antagonist. In one embodiment, the
antagonists (including combinations of antagonists to
a particular epitope) or tolerising (T cell and
antibody tolerising) agents are present in a
composition comprising at least 2, 4, 6 or more
antagonists or agents which antagonise or tolerise to
different epitopes of the invention, for example to
the combinations of epitopes discussed above in
relation to the agents which are a product comprising
more than one substance. Testing whether a composition
is capable of causing coeliac disease As mentioned
above the invention provides a method of determining
whether a composition is capable of causing coeliac
disease comprising detecting the presence of a protein
sequence which is capable of being modified by a
transglutaminase to as sequence comprising the agent
or epitope of the invention (such transglutaminase
activity may be a human intestinal transglutaminase
activity). Typically this is performed by using a
binding assay in which a moiety which binds to the
sequence in a specific manner is contacted with the
composition and the formation of sequence/moiety
complex is detected and used to ascertain the presence
of the agent. Such a moiety may be any suitable
substance (or type of substance) mentioned herein, and
is typically a specific antibody. Any suitable format
of binding assay can be used (such as those mentioned
herein). In one embodiment, the composition is
contacted with at least 2, 5, 10 or more antibodies
which are specific for epitopes of the invention from
different gliadins, for example a panel of antibodies
capable of recognising the combinations of epitopes
discussed above in relation to agents of the invention
which are a product comprising more than one
substance. The composition typically comprises
material from a plant that expresses a gliadin which
is capable of causing coeliac disease (for example any
of the gliadinsor plants mentioned herein). Such
material may be a plant part, such as a harvested
product (e.g. seed). The material may be processed
products of the plant material (e.g. any such product
mentioned herein), such as a flour or food that
comprises the gliadin. The processing of food material
and testing in suitable binding assays is routine, for
example as mentioned in Kricka LJ, J. Biolumin.
Chemilumin. 13, 189- 93 (1998). Binding assays The
determination of binding between any two substances
mentioned herein may be done by measuring a
characteristic of either or both substances that
changes upon binding, such as a spectroscopic change.
The binding assay format may be a 'band shift' system.
This involves determining whether the presence of one
substance (such as a candidate substance) advances or
retards the progress of the other substance during gel
electrophoresis. The format may be a competitive
binding method which determines whether the one
substance is able to inhibit the binding of the other
substance to an agent which is known to bind the other
substance, such as a specific antibody. Mutant gliadin
proteins The invention provides a gliadin protein in
which an epitope sequence of the invention, or
sequence which can be modified by a transglutaminase
to provide such a sequence has been mutated so that it
no longer causes, or is recognised by, a T cell
response that recognises the epitope. In this context
the term recognition refers to the TCR binding the
epitope in such a way that normal (not antagonistic)
antigenspecific functional activity of the T cell
occurs. Methods of identifying equivalent epitopes in
other gliadins are discussed above. The wild type of
the mutated gliadin is one which causes coeliac
disease. Such a gliadin may have homology with SEQ ID
NO:3, for example to the degree mentioned above (in
relation to the analogue) across all of SEQ ID NO:3 or
across 15, 30, 60, 100 or 200 contiguous amino acids
of SEQ ID NO:3. Likewise, for other non-A-gliadins,
homology will be present between the mutant and the
native form of that gliadin. The sequences of other
natural gliadin proteins are known in the art.The
mutated gliadin will not cause coeliac disease or will
cause decreased symptoms of coeliac disease. Typically
the mutation decreases the ability of the epitope to
induce a T cell response. The mutated epitope may have
a decreased binding to HLA-DQ2 or -DQ8, a decreased
ability to be presented by an APC or a decreased
ability to bind to or to be recognised (i.e. cause
antigen-specific functional activity) by T cells that
recognise the agent. The mutated gliadin or epitope
will 



therefore show no or reduced recognition in any of the
assays mentioned herein in relation to the diagnostic
aspects of the invention. The mutation may be one-or
more deletions, additions or substitutions of length 1
to 3, 4 to 6, 6 to 10, 11 to 15 or more in the
epitope, for example across sequence SEQ ID NO:2 or
across any of SEQ ID NOS: 18-22, 31-36, 39-44, and 46;
or across equivalents thereof. Preferably the mutant
gliadin has at least one mutation in the sequence SEQ
ID NO: 1. A preferred mutation is at position 65 in
A-gliadin (or in an equivalent position in other
gliadins). Typically the naturally occurring glutamine
at this position is substituted to any of the amino
acids shown in Table 3, preferably to histidine,
tyrosine, tryptophan, lysine, proline, or arginine.
The invention thus also provides use of a mutation
(such any of the mutations in any of the sequences
discussed herein) in an epitope of a gliadin protein,
which epitope is an epitope of the invention, to
decrease the ability of the gliadin protein to cause
coeliac disease. In one embodiment the mutated
sequence is able to act as an antagonist. Thus the
invention provides a protein that comprises a sequence
which is able to bind to a T cell receptor, which T
cell receptor recognises an agent of the invention,
and which sequence is able to cause antagonism of a T
cell that carries such a T cell receptor. The
invention also provides proteins which are fragments
of the above mutant gliadin proteins, which are at
least 15 amino acids long (e.g. at least 30, 60, 100,
150, 200, or 250 amino acids long) and which comprise
the mutations discussed above which decrease the
ability of the gliadin to be recognised. Any of the
mutant proteins (including fragments) mentioned herein
may also be present in the form of fusion proteins,
for example with other gliadins or with non-gliadin
proteins.The equivalent wild type protein to the
mutated gliadin protein is typically from a
graminaceous monocotyledon, such as a plant of genus
Triticum, e.g. wheat, rye, barley, oats or triticale.
The protein is typically an a, ab, b, g or w gliadin.
The gliadin may be an A-gliadin. Kits The invention
also provides a kit for carrying out the method
comprising one or more agents and optionally a means
to detect the recognition of the agent by the T cell.
Typically the different agents are provided for
simultaneous, separate or sequential use. Typically
the means to detect recognition allows or aids
detection based on the techniques discussed above.
Thus the means may allow detection of a substance
secreted by the T cells after recognition. The kit may
thus additionally include a specific binding moiety
for the substance, such as an antibody. The moiety is
typically specific for IFN-g . The moiety is typically
immobilised on a solid support. This means that after
binding the moiety the substance will remain in the
vicinity of the T cell which secreted it. Thus "spots"
of substance/moiety complex are formed on the support,
each spot representing a T cell which is secreting the
substance. Quantifying the spots, and typically
comparing against a control, allows determination of
recognition of the agent. The kit may also comprise a
means to detect the substance/moiety complex. A
detectable change may occur in the moiety itself after
binding the substance, such as a colour change.
Alternatively a second moiety directly or indirectly
labelled for detection may be allowed to bind the
substance/moiety complex to allow the determination of
the spots. As discussed above the second moiety may be
specific for the substance, but binds a different site
on the substance than the first moiety. The
immobilised support may be a plate with wells, such as
a microtitre plate. Each assay can therefore be
carried out in a separate well in the plate. The kit
may additionally comprise medium for the T cells,
detection moieties or washing buffers to be used in
the detection steps. The kit may additionally comprise
reagents suitable for the separation from the sample,
such as the separation of PBMCs or T cells from the
sample. The kit may be designed to allow detection
ofthe T cells directly in the sample without requiring
any separation of the components of the sample. The
kit may comprise an instrument which allows
administration of the agent, such as intradermal or
epidermal administration. Typically such an instrument
comprises plaster, dressing or one or more needles.
The instrument may allow ballistic delivery of the
agent. The agent in the kit may be in the form of a 



pharmaceutical composition. The kit may also comprise
controls, such as positive or negative controls. The
positive control may allow the detection system to be
tested. Thus the positive control typically mimics
recognition of the agent in any of the above methods.
Typically in the kits designed to determine
recognition in vitro the positive control is a
cytokine. In the kit designed to detect in vivo
recognition of the agent the positive control may be
antigen to which most individuals should response. The
kit may also comprise a means to take a sample
containing T cells from the host, such as a blood
sample. The kit may comprise a means to separate
mononuclear cells or T cells from a sample from the
host. Polynucleotides, cells, transgenic mammals and
antibodies The invention also provides a
polynucleotide which is capable of expression to
provide the agent or mutant gliadin proteins.
Typically the polynucleotide is DNA or RNA, and is
single or double stranded. The polynucleotide will
preferably comprise at least 50 bases or base pairs,
for example 50 to 100, 100 to 500, 500 to 1000 or 1000
to 2000 or more bases or base pairs. The
polynucleotide therefore comprises a sequence which
encodes the sequence of SEQ ID NO: 1 or 2 or any of
the other agents mentioned herein. To the 5' and 3' of
this coding sequence the polynucleotide of the
invention has sequence or codons which are different
from the sequence or codons 5' and 3' to these
sequences in the corresponding gliadin gene. 5' and/or
3' to the sequence encoding the peptide the
polynucleotide has coding or non-coding sequence.
Sequence 5' and/or 3' to the coding sequence may
comprise sequences which aid expression, such as
transcription and/or translation, of the sequence
encoding the agent. The polynucleotide may be capable
of expressing the agent prokaryotic or eukaryotic
cell. In one embodiment the polynucleotide iscapable
of expressing the agent in a mammalian cell, such as a
human, primate or rodent (e.g. mouse or rat) cell. A
polynucleotide of the invention may hybridise
selectively to a polynucleotide that encodes SEQ ID
NO:3 at a level significantly above background.
Selective hybridisation is typically achieved using
conditions of medium to high stringency (for example
0.03M sodium chloride and 0.03M sodium citrate at from
about 5O0C to about 6O0C). However, such hybridisation
may be carried out under any suitable conditions known
in the art (see Sambrook et al (1989), Molecular
Cloning: A Laboratory Manual). - For example, if high
stringency is required, suitable conditions include
0.2 x SSC at 6O0C. If lower stringency is required,
suitable conditions include 2 x SSC at 6O0C. Agents or
proteins of the invention may be encoded by the
polynucleotides described herein. The polynucleotide
may form or be incorporated into a replicable vector.
Such a vector is able to replicate in a suitable cell.
The vector may be an expression vector. In such a
vector the polynucleotide of the invention is operably
linked to a control sequence which is capable of
providing for the expression of the polynucleotide.
The vector may contain a selectable marker, such as
the ampicillin resistance gene. The polynucleotide or
vector may be present in a cell. Such a cell may have
been transformed by the polynucleotide or vector. The
cell may express the agent. The cell will be chosen to
be compatible with the said vector and may for example
be a prokaryotic (bacterial), yeast, insect or
mammalian cell. The polynucleotide or vector may be
introduced into host cells using conventional
techniques including calcium phosphate precipitation,
DEAE-dextran transfection, or electroporation. The
invention provides processes for the production of the
proteins of the invention by recombinant means. This
may comprise (a) cultivating a transformed cell as
defined above under conditions that allow the
expression of the protein; and preferably (b)
recovering the expressed polypeptide. Optionally, the
polypeptide may be isolated and/or purified, by
techniques known in the art. The invention also
provides TCRs which recognise (or bind) the agent, or
fragments thereof which are capable of such
recognition (or binding). These can bepresent in the
any form mentioned herein (e.g. purity) discussed
herein in relation to the protein of the invention.
The invention also provides T cells which express such
TCRs which can be present in any form (e.g. purity)
discussed herein for the cells of the invention. The
invention also provides monoclonal or polyclonal
antibodies which 



specifically recognise the agents (such as any of the
epitopes of the invention) and which recognise the
mutant gliadin proteins (and typically which do not
recognise the equivalent wild-type gliadins) of the
invention, and methods of making such antibodies.
Antibodies of the invention bind specifically to these
substances of the invention.- For the purposes of this
invention, the term "antibody" includes antibody
fragments such as Fv, F(ab) and F(ab)2 fragments, as
well as single-chain antibodies. A method for
producing a polyclonal antibody comprises immunising a
suitable host animal, for example an experimental
animal, with the immunogen and isolating
immunoglobulins from the serum. The animal may
therefore be inoculated with the immunogen, blood
subsequently removed from the animal and the IgG
fraction purified. A method for producing a monoclonal
antibody comprises immortalising cells which produce
the desired antibody. Hybridoma cells may be produced
by fusing spleen cells from an inoculated experimental
animal with tumour cells (Kohler and Milstein (1975)
Nature 256, 495-497). An immortalized cell producing
the desired antibody may be selected by a conventional
procedure. The hybridomas may be grown in culture or
injected intraperitoneally for formation of ascites
fluid or into the blood stream of an allogenic host or
immunocompromised host. Human antibody may be prepared
by in vitro immunisation of human lymphocytes,
followed by transformation of the lymphocytes with
Epstein-Barr virus. For the production of both
monoclonal and polyclonal antibodies, the experimental
animal is suitably a goat, rabbit, rat or mouse. If
desired, the immunogen may be administered as a
conjugate in which the immunogen is coupled, for
example via a side chain of one of the amino acid
residues, to a suitable carrier. The carrier molecule
is typically a physiologically acceptable carrier. The
antibody obtained may be isolated and, if desired,
purified.The polynucleotide, agent, protein or
antibody ofthe invention, may carry a detectable
label. Detectable labels which allow detection of the
secreted substance by visual inspection, optionally
with the aid of an optical magnifying means, are
preferred. Such a system is typically based on an
enzyme label which causes colour change in a
substrate, for example alkaline phosphatase causing a
colour change in a substrate. Such substrates are
commercially available, e.g. from BioRad. Other
suitable labels include other enzymes such as
peroxidase, or protein labels, such as biotin; or
radioisotopes, such as 32P or 35S. The above labels
may be detected using known techniques.
Polynucleotides, agents, proteins, antibodies or cells
of the invention may be in substantially purified
form. They may be in substantially isolated form, in
which case they will generally comprise at least 80%
e.g. at least 90, 95, 97 or 99% of the polynucleotide,
peptide, antibody, cells or dry mass in the
preparation. The polynucleotide, agent, protein or
antibody is typically substantially free of other
cellular components. The polynucleotide, agent,
protein or antibody may be used in such a
substantially isolated, purified or free form in the
method or be present in such forms in the kit. The
invention also provides a transgenic non-human mammal
which expresses a TCR of the invention. This may be
any of the mammals discussed herein (e.g. in relation
to the production of the antibody). Preferably the
mammal has, or is susceptible, to coeliac disease. The
mammal may also express HLA-DQ2 or -DQ8 or HLA-DR3-DQ2
and/or may be given a diet comprising a gliadin which
cause coeliac disease (e.g. any of the gliadin
proteins mentioned herein). Thus the mammal may act as
an animal model for coeliac disease. The invention
also provides a method of identifying a product which
is therapeutic for coeliac disease comprising
administering a candidate substance to a mammal of the
invention which has, or which is susceptible to,
coeliac disease and determining whether substance
prevents or treats coeliac disease in the mammal, the
prevention or treatment of coeliac disease indicating
that the substance is a therapeutic product. Such a
product may be used to treat or prevent coeliac
disease. The invention provides therapeutic (including
prophylactic) agents or diagnostic substances (the
agents, proteins and polynucleotides of the
invention).These substances are formulated for
clinical administration by mixing them with a
pharmaceutically acceptable carrier or diluent. For
example they can be formulated for topical,
parenteral, intravenous, intramuscular, subcutaneous,
intraocular, 



intradermal, epidermal or transdermal administration.
The substances may be mixed with any vehicle which is
pharmaceutically acceptable and appropriate for the
desired route of administration. The pharmaceutically
carrier or diluent for injection may be, for example,
a sterile or isotonic solution such as Water for
Injection or physiological saline, or a carrier
particle for ballistic delivery. The dose of the
substances may be adjusted according to various
parameters, especially according to the agent used;
the age, weight and condition of the patient to be
treated; the mode of administration used; the severity
of the condition to be treated; and the required
clinical regimen. As a guide, the amount of substance
administered by injection is suitably from 0.01 mg/kg
to 30 mg/kg, preferably from 0.1 mg/kg to 10 mg/kg.
The routes of administration and dosages described are
intended only as a guide since a skilled practitioner
will be able to determine readily the optimum route of
administration and dosage for any particular patient
and condition. The substances of the invention may
thus be used in a method of treatment of the human or
animal body, or in a diagnostic method practised on
the human body. In particular they may be used in a
method of treating or preventing coeliac disease. The
invention also provide the agents for use in a method
of manufacture of a medicament for treating or
preventing coeliac disease. Thus the invention
provides a method of preventing or treating coeliac
disease comprising administering to a human in need
thereof a substance of the invention (typically a
non-toxic effective amount thereof). The agent of the
invention can be made using standard synthetic
chemistry techniques, such as by use of an automated
synthesizer. The agent may be made from a longer
polypeptide e.g. a fusion protein, which polypeptide
typically comprises the sequence of the peptide. The
peptide may be derived from the polypeptide by for
example hydrolysing the polypeptide, such as using a
protease; or by physically breaking the polypeptide.
The polynucleotide of the invention can be made using
standard techniques, such as by using a
synthesiser.Plant cells and plants that express mutant
gliadin proteins or express proteins comprising
sequences which can act as antagonists The cell of the
invention may be a plant cell, such as a cell of a
graminaceous monocotyledonous species. The species may
be one whose wild-type form expresses gliadins, such
as any of the gliadin proteins mentioned herein
(including gliadins with any degree of homology to SEQ
ID NO:3 mentioned herein). Such a gliadin may cause
coeliac disease in humans. The cell may be of wheat,
maize, oats, rye, rice, barley, triticale, sorghum, or
sugar cane. Typically the cell is of the Triticum
genus, such as aestivum, spelta, polonicum or
monococcum. The plant cell of the invention is
typically one which does not express a wildtype
gliadin (such as any of the gliadins mentioned herein
which may cause coeliac disease), or one which does
not express a gliadin comprising a sequence that can
be recognised by a T cell that recognises the agent.
Thus if the wild-type plant cell did express such a
gliadin then it may be engineered to prevent or reduce
the expression of such a gliadin or to change the
amino acid sequence of the gliadin so that it no
longer causes coeliac disease (typically by no longer
expressing the epitope of the invention). This can be
done for example by introducing mutations into 1, 2, 3
or more or all of such gliadin genes in the cell, for
example into coding or non-coding (e.g. promoter
regions). Such mutations can be any of the type or
length of mutations discussed herein (e.g., in
relation to homologous proteins). The mutations can be
introduced in a directed manner (e.g., using site
directed mutagenesis or homologous recombination
techniques) or in a random manner (e.g. using a
mutagen, and then typically selecting for mutagenised
cells which no longer express the gliadin (or a
gliadin sequence which causes coeliac disease)). In
the case of plants or plant cells that express a
protein that comprises a sequence able to act as an
antagonist such a plant or plant cell may express a
wildtype gliadin protein (e.g. one which causes
coeliac disease). Preferably though the presence of
the antagonist sequence will cause reduced coeliac
disease symptoms (such as no symptoms) in an
individual who ingests a food comprising protein from
the plant or plant cell.The polynucleotide which is
present in (or which was transformed into) the plant
cell will generally comprise promoter capable of
expressing the mutant gliadin 



protein the plant cell. Depending on the pattern of
expression desired, the promoter may be constitutive,
tissue- or stage-specific; and/or inducible. For
example, strong constitutive expression in plants can
be obtained with the CAMV 35S, Rubisco ssu, or histone
promoters. Also, tissue-specific or stage-specific
promoters may be used to target expression of protein
of the invention to particular tissues in a transgenic
plant or to particular stages in its development.
Thus, for example seed-specific, root-specific,
leaf-specific, flower-specific etc promoters may be
used. Seed-specific promoters include those described
by Dalta et al (Biotechnology Ann. Rev. (1997), 3,
pp.269-296). Particular examples of seed-specific
promoters are napin promoters (EP-A-O 255, 378),
phaseolin promoters, glutenine promoters,
helianthenine promoters (WO92/17580), albumin
promoters (WO98/45460), oleosin promoters (WO98/45461)
and ATSl and ATS3 promoters (PCT/US98/06798). The cell
may be in any form. For example, it may be an isolated
cell, e.g. a protoplast, or it may be part of a plant
tissue, e.g. a callus, or a tissue excised from a
plant, or it may be part of a whole plant. The cell
may be of any type (e.g. of any type of plant part).
For example, an undifferentiated cell, such as a
callus cell; or a differentiated cell, such as a cell
of a type found in embryos, pollen, roots, shoots or
leaves. Plant parts include roots; shoots; leaves; and
parts involved.in reproduction, such as pollen, ova,
stamens, anthers, petals, sepals and other flower
parts. The invention provides a method of obtaining a
transgenic plant cell comprising transforming a plant
cell with a polynucleotide or vector of the invention
to give a transgenic plant cell. Any suitable
transformation method may be used (in the case of
wheat the techniques disclosed in Vasil V et al,
Biotechnology 10, 667- 674 (1992) may be used).
Preferred transformation techniques include
electroporation of plant protoplasts and particle
bombardment. Transformation may thus give rise to a
chimeric tissue or plant in which some cells are
transgenic and some are not. The cell of the invention
or thus obtained cell may be regenerated into a
transgenic plant by techniques known in the art. These
may involve the use of plant growth substances such as
auxins, giberellins and/or cytokinins to stimulate
thegrowth and/or division of the transgenic cell.
Similarly, techniques such as somatic embryogenesis
and meristem culture may be used. Regeneration
techniques are well known in the art and examples can
be found in, e.g. US 4,459,355, US 4,536,475, US
5,464,763, US 5, 177,010, US 5, 187,073, EP 267,159,
EP 604, 662, EP 672, 752, US 4,945,050, US 5,036,006,
US 5,100,792, US 5,371,014, US 5,478,744, US
5,179,022, US 5,565,346, US 5,484,956, US 5,508,468,
US 5,538,877, US 5,554,798, US 5,489,520, US
5,510,318, US 5,204,253, US 5,405,765, EP 442,174, EP
486,233, EP 486,234, EP 539,563, EP 674,725,
WO91/02071 andWO 95/06128. In many such techniques,
one step is the formation of a callus, i.e. a plant
tissue comprising expanding and/or dividing cells.
Such calli are a further aspect of the invention as
are other types of plant cell cultures and plant
parts. Thus, for example, the invention provides
transgenic plant tissues and parts, including embryos,
meristems, seeds, shoots, roots, stems, leaves and
flower parts. These may be chimeric in the sense that
some of their cells are cells of the invention and
some are not. Transgenic plant parts and tissues,
plants and seeds of the invention may be of any of the
plant species mentioned herein. Regeneration
procedures will typically involve the selection of
transformed cells by means of marker genes. The
regeneration step gives rise to a first generation
transgenic plant. The invention also provides methods
of obtaining transgenic plants of further generations
from this first generation plant. These are known as
progeny transgenic plants. Progeny plants of second,
third, fourth, fifth, sixth and further generations
may be obtained from the first generation transgenic
plant by any means known in the art. Thus, the
invention provides a method of obtaining a transgenic
progeny plant comprising obtaining a second-generation
transgenic progeny plant from a first-generation
transgenic plant of the invention, and optionally
obtaining transgenic plants of one or more further
generations from the second-generation progeny plant
thus obtained. Progeny plants may be produced from
their predecessors of earlier generations by any known
technique. In particular, progeny plants may be
produced by:obtaining a transgenic seed from a
transgenic plant of the invention belonging 



to a previous generation, then obtaining a transgenic
progeny plant of the invention belonging to a new
generation by growing up the transgenic seed; and/or
propagating clonally a transgenic plant of the
invention belonging to a previous generation to give a
transgenic progeny plant of the invention belonging to
a new generation; and/or crossing a first-generation
transgenic plant of the invention belonging to a
previous generation with another compatible plant to
give a transgenic progeny plant of the invention
belonging to a new generation; and optionally
obtaining transgenic progeny plants of one or more
further generations from the progeny plant thus
obtained. These techniques may be used in any
combination. For example, clonal propagation and
sexual propagation may be used at different points in
a process that gives rise to a transgenic plant
suitable for cultivation. In particular, repetitive
backcrossing with a plant taxon with agronomically
desirable characteristics may be undertaken. Further
steps of removing cells from a plant and regenerating
new plants therefrom may also be carried out. Also,
further desirable characteristics may be introduced by
transforming the cells, plant tissues, plants or
seeds, at any suitable stage in the above process, to
introduce desirable coding sequences other than the
polynucleotides of the invention. This may be carried
out by the techniques described herein for the
introduction of polynucleotides of the invention. For
example, further transgenes may be selected from those
coding for other herbicide resistance traits, e.g.
tolerance to: Glyphosate (e.g. using an EPSP synthase
gene (e.g. EP-A-O 293,358) or a glyphosate
oxidoreductase (WO 92/000377) gene); or tolerance to
fosametin; a dihalobenzonitrile; glufosinate, e.g.
using a phosphinothrycin acetyl transferase (PAT) or
glutamine synthase gene (cf. EP-A-O 242,236); asulam,
e.g. using a dihydropteroate synthase gene (EP-A-O
369,367); or a sulphonylurea, e.g. using an ALS gene);
diphenyl ethers such as acifluorfen or oxyfluorfen,
e.g. using a protoporphyrogen oxidase gene); an
oxadiazole such as oxadiazon; a cyclic imide such as
chlorophthalim; a phenyl pyrazole such as TNP, or a
phenopylate or carbamate analogue thereof.Similarly,
genes for beneficial properties other than herbicide
tolerance may be introduced. For example, genes for
insect resistance may be introduced, notably genes
encoding Bacillus thuringiensis (Bt) toxins. Likewise,
genes for disease resistance may be introduced, e.g.
as in WO91/02701 or WO95/06128. Typically, a protein
of the invention is expressed in a plant of the
invention. Depending on the promoter used, this
expression may be constitutive or inducible.
Similarly, it may be tissue- or stage-specific, i.e.
directed towards a particular plant tissue (such as
any of the tissues mentioned herein) or stage in plant
development. The invention also provides methods of
obtaining crop products by harvesting, and optionally
processing further, transgenic plants of the
invention. By crop product is meant any useful product
obtainable from a crop plant. Products that contain
mutant gliadin proteins or proteins that comprise
sequence capable of acting as an antagonist The
invention provides a product that comprises the mutant
gliadin proteins or protein that comprises sequence
capable of acting as an antagonist. This is typically
derived from or comprise plant parts from plants
mentioned herein which express such proteins. Such a
product may be obtainable directly by harvesting or
indirectly, by harvesting and further processing the
plant of the invention. Directly obtainable products
include grains. Alternatively, such a product may be
obtainable indirectly, by harvesting and further
processing. Examples of products obtainable by further
processing are flour or distilled alcoholic beverages;
food products made from directly obtained or further
processed material, e.g. baked products (e.g. bread)
made from flour. Typically such food products, which
are ingestible and digestible (i.e. non-toxic and of
nutrient value) by human individuals. In the case of
food products that comprise the protein which
comprises an antagonist sequence the food product may
also comprise wild-type gliadin, but preferably the
antagonist is able to cause a reduction (e.g.
completely) in the coeliac disease symptoms after such
food is ingested. The invention is illustrated by the
following nonlimiting Examples: Example 1We carried
out epitope mapping in Coeliac disease by using a set
of 51 



synthetic 15-merpeptides that span the complete
sequence of a fully characterized agliadin,
"A-gliadin" (see Table 1). A-Gliadin peptides were
also individually treated with tTG to generate
products that might mimic those produced in-vivo3. We
also sought to study Coeliac disease patients at the
point of initiation of disease relapse to avoid the
possibility that epitope "spreading" or "exhaustion"
may have occurred, as described in experimental
infectious and autoimmune diseases. Clinical and
A-gliadin specific T cell responses with 3 and 10 day
bread challenge In a pilot study, two subjects with
Coeliac disease in remission, defined by absence of
serum anti-endomysial antibody (EMA), on a gluten free
diet were fed four slices of standard
gluten-containing white bread daily in addition to
their usual gluten free diet. Subject 1 ceased bread
because of abdominal pain, mouth ulcers and mild
diarrhoea after three days, but Subject 2 continued
for 10 days with only mild nausea at one week. The EMA
became positive in Subject 2 one week after the bread
challenge, indicating the bread used had caused a
relapse of Coeliac disease. But in Subject 1, EMA
remained negative up to two months after bread
challenge. In both subjects, symptoms that appeared
with bread challenge resolved within two days after
returning to gluten free diet. PBMC responses in IFNg
ELISPOT assays to A-gliadin peptides were not found
before or during bread challenge. But from the day
after bread withdrawal (Day4) in Subject 1 a single
pool of 5 overlapping peptides spanning A-gliadin 51-
85 (Pool 3) treated with tTG showed potent IFNg
responses (see Figure Ia). In Subject 1, the PBMC IFNg
response to A-gliadin peptide remained targeted to
Pool 3 alone and was maximal on Day 8. The dynamics
and magnitude of the response to Pool 3 was similar to
that elicited by a-chymotrypsin digested gliadin. PBMC
IFNg responses to tTG-treated Pool 3 were consistently
5 to 12-fold greater than Pool 3 not treated with tTG,
and responses to a-chymotrypsin digested gliadin were
3 to 10-fold greater if treated with tTG. In Subject
2, Pool 3 treated with tTG was also the only
immunogenic set of A-gliadin peptides on Day 8, but
this response was weaker than Subject 1, was not seen
on Day 4 and by Day 11 the response to Pool 3 had
diminished and other tTG-treated pools of A-gliadin
peptides elicited stronger IFNaresponses (see Figure
Ib). The pilot study indicated that the initial T cell
response in these Coeliac disease subjects was against
a single tTG-treated A-gliadin pool of five peptides
and was readily measured in peripheral blood. But if
antigen exposure is continued for ten days instead
ofthree, T cell responses to other A-gliadin peptides
appear, consistent with epitope spreading. Coeliac
disease-specific IFN-g induction by tTG-treated
A-gliadin peptides In five out of six further Coeliac
disease subjects on gluten free diet (see Table 1),
bread challenge for three days identified tTG-treated
peptides in Pool 3, and in particular, peptides
corresponding to 56-70 (12) and 60-75 (13) as the sole
Agliadin components eliciting IFNg from PBMC (see
Figure 2). IL-10 ELISPOT assays run in parallel to
IFNg ELISPOT showed no IL-IO response to tTG-treated
peptides 12 or 13. In one subject, there were no IFNg
responses to any A-gliadin peptide or a-chymotrypsin
digested gliadin before, during or up to four days
after bread challenge. In none of these Coeliac
disease subjects did EMA status change from baseline
when measured for up to two months after bread
challenge. PBMC from four healthy, EMA-negative
subjects with the HLA-DQ alleles al *0501 , bl *0201
(ages 28-52, 2 females) who had been challenged for
three days with bread after following a gluten free
diet for one month, showed no IFNg responses above the
negative control to any of the A-gliadin peptides with
or without tTG treatment. Thus, induction of IFNg in
PBMC to tTG-treated Pool 3 and Agliadin peptides 56-70
(12) and 60-75 (13) were Coeliac disease specific (7/8
vs. 0/4, p<0.01 by Chi-squared analysis). Fine mapping
of the minimal A-gliadin T cell epitope tTG-treated
peptides representing truncations of A-gliadin 56-75
revealed that the same core peptide sequence QPQLP
(SEQ ID NO:9) was essential for antigenicity in all of
the five Coeliac disease subjects assessed (see Figure
3). PBMC IFNg responses to tTG-treated peptides
spanning this core sequence beginning with the 7-mer
PQPQLPY (SEQ ID NO:4) and increasing in length,
indicated that the tTG-treated 17-mer
QLQPFPQPQLPYPQPQS (SEQ ID NO:10). (A-gliadin
57-73)possessed optimal activity in the IFNg ELISPOT
(see Figure 4). Deamidation ofQ65 by tTG generates the
immunodominant T cell epitope in Agliadin 



HPLC analysis demonstrated that tTG treatment of
A-gliadin 56-75 generated a single product that eluted
marginally later than the parent peptide. Amino acid
sequencing indicated that out of the six glutamine (Q)
residues contained in Agliadin 56-75, Q65 was
preferentially deamidated by tTG (see Figure 5).
Bioactivity of peptides corresponding to serial
expansions from the core A-gliadin 62-68 sequence in
which glutamate (E) replaced Q65, was equivalent to
the same peptides with Q65 after tTG-treatment (see
Figure 4a). Replacement of Q57 and Q72 by E together
or alone, with E65 did not enhance antigenicity of the
17-mer in the three Coeliac disease subjects studied
(see Figure 6). Q57 and Q72 were investigated because
glutamine residues followed by proline in gliadin
peptides are not deamidated by tTG in vitro (W. Vader
et al, Proceedings 8th International Symposium Coeliac
Disease). Therefore, the immunodominant T cell epitope
was defined as QLQPFPQPELPYPQPQS (SEQ ID NO:2).
Immunodominant T cell epitope response is
DQ2-restricted and CD4 dependent In two Coeliac
disease subjects homozygous for HLA-DQ al*050 1,
b1*020 1, anti-DQ monoclonal antibody blocked the
ELISPOT IFNg response to tTG-treated A-gliadin 56-75,
but anti-DP and -DR antibody did not (see Figure 7).
Anti-CD4 and anti-CD8 magnetic bead depletion of PBMC
from two Coeliac disease subjects indicated the IFNg
response to tTG-treated A-gliadin 56-75 is CD4 T
cellmediated. Discussion In this study we describe a
rather simple dietary antigen challenge using standard
white bread to elicit a transient population of CD4 T
cells in peripheral blood of Coeliac disease subjects
responsive to a tTG-treated A-gliadin 17-mer with the
sequence: QLQPFPQPELPYPQPQS (SEQ ID NO:2) (residues
57-73). The immune response to A-gliadin 56-75 (Q-
>E65) is restricted to the Coeliac diseaseassociated
HLA allele, DQ al*0501 3 b1*0201. Tissue
transglutaminase action in vitro selectively
deamidates Q65. Elicited peripheral blood IFNg
responses to synthetic A-gliadin peptides with the
substitution Q- "E65 is equivalent to tTGtreated Q65
A-gliadin peptides; both stimulate up to 10-fold more
T cells in the IFNg ELISPOT than unmodified Q65
A-gliadin peptides. We have deliberately defined this
Coeliac disease-specific T cell epitope using in vivo
antigen challenge and short-term ex vivo immune assays
to avoid the possibility of methodological artifacts
that may occur with the use of T cell clones in
epitope mapping. Our findings indicate that peripheral
blood T cell responses to ingestion of gluten are
rapid but short-lived and can be utilized for epitope
mapping. In vivo antigen challenge has also shown
there is a temporal hierarchy of immune responses to
A-gliadin peptides; A-gliadin 57-73 modified by tTG
not only elicits the strongest IFNg response in PBMC
but it is also the first IFNg response to appear.
Because we have assessed only peptides spanning
A-gliadin, there may be other epitopes in other
gliadins of equal or greater importance in the
pathogenesis of Coeliac disease. Indeed, the peptide
sequence at the core of the epitope in A-gliadin that
we have identified PQPQLPY (SEQ ID NO:4) is shared by
several other gliadins (SwissProt and Trembl accession
numbers: P02863, Q41528, Q41531, Q41533, Q9ZP09,
P04722, P04724, P18573). However, A-gliadin peptides
that have previously been shown to possess bioactivity
in biopsy challenge and in vivo studies (for example:
31-43, 44-55, and 206-217)4'5 did not elicit IFNg
responses in PBMC following three day bread challenge
in Coeliac disease subjects. These peptides may be
"secondary" T cell epitopes that arise with spreading
of the immune response. Example 2 The effect on T cell
recognition of substitutions in the immunodominant
epitope The effect of substituting the glutamate at
position 65 in the 57-73 A-gliadin epitope was
determined by measuring peripheral blood responses
against the substituted epitopes in an IFNg ELISPOT
assay using synthetic peptides (at 50 mg/ml). The
responses were measured in 3 Coeliac disease subjects
6 days after commencing gluten challenge (4 slices
bread daily for 3 days). Results are shown in table 3
and Figure 8. As can be seen substitution of the
glutamate to histidine,tyrosine, tryptophan, lysine,
proline or arginine stimulated a response whose
magnitude was less than 10% of the magnitude of the
response to the immunodominant epitope. Thus mutation
of A-gliadin at this position could be used to produce
a mutant gliadin with reduce or absent
immunoreactivity. Example 3 Testing the
immunoreactivity of equivalent peptides from other
naturally occurring 



gliadins The immunoreactivity of equivalent peptides
form other naturally occurring wheat gliadins was
assessed using synthetic peptides corresponding to the
naturally occurring sequences which were then treated
with transglutaminase. These peptides were tested in
an ELISPOT in the same manner and with PBMCs from the
same subjects as described in Example 2. At least five
of the peptides show immunoreactivity comparable to
the A-gliadin 57-73 E65 peptide (after
transglutaminase treatment) indicating that other
gliadin proteins in wheat are also likely to induce
this Coeliac disease-specific immune response (Table 4
and Figure 9 )- Methods Subjects: Patients used in the
study attended a Coeliac Clinic in Oxford, United
Kingdom. Coeliac disease was diagnosed on the basis of
typical small intestinal histology, and normalization
of symptoms and small intestinal histology with gluten
free diet. Tissue typing: Tissue typing was performed
using DNA extracted from EDTAanticoagulated peripheral
blood. HLA-DQA and DQB genotyping was performed by PCR
using sequence-specific primer mixes . Anti-endomysial
antibody assay: EMA were detected by indirect
immunofluorescence using patient serum diluted 1:5
with monkey oesophagus, followed by FITC-conjugated
goat anti-human IgA. IgA was quantitated prior to EMA,
none of the subjects were IgA deficient.Antigen
Challenge: Coeliac disease subjects following a gluten
free diet, consumed 4 slices of gluten-containing
bread (50g/slice, Salisbury's "standard white sandwich
bread") daily for 3 or 10 days. EMA was assessed the
week before and up to two months after commencing the
bread challenge. Healthy subjects who had followed a
gluten free diet for four weeks, consumed their usual
diet including four slices of gluten-containing bread
for three days, then returned to gluten free diet for
a further six days. IFNy and IL-IO ELISPOT: PBMC were
prepared from 50-100 ml of venous blood by
Ficoll-Hypaque density centrifugation. After three
washes, PBMC were resuspended in complete RPMI
containing 10% heat inactivated human AB serum.
ELISPOT assays for single cell secretion of IFNg and
IL-10 were performed using commercial kits (Mabtech;
Stockholm, Sweden) with 96-well plates (MAIP-S-45;
Millipore, Bedford, MA) according to the manufacturers
instructions (as described elsewhere9) with 2-5xlO5
(IFNg) or 0.4-lxlO 5 (IL-10) PBMC in each well.
Peptides were assessed in duplicate wells, and
Mycobacterium tuberculosis purified protein derivative
(PPD RT49) (Serum Institute; Copenhagen, Denmark) (20
mg/ml) was included as a positive control in all
assays. Peptides: Synthetic peptides were purchased
from Research Genetics (Huntsville, Alabama)
Mass-spectroscopy and HPLC verified peptides'
authenticity and >70% purity. Digestion of gliadin
(Sigma; G-3375) (100 mg/ml) with a-chymotrypsin
(Sigma; C-3142) 200:1 (w/w) was performed at room
temperature in 0.1 M NH4HCO3 with 2M urea and was
halted after 24 h by heating to 980C for 10 minutes.
After centrifugation (13,000g, 10 minutes), the
gliadin digest supernatant was filtersterilized (0.2
mm). Digestion of gliadin was verified by SDS-PAGE and
protein concentration assessed.
a-Chymotrypsin-digested gliadin (640 mg/ml) and
synthetic gliadin peptides (15-mers: 160 mg/ml, other
peptides: 0.1 mM) were individually treated with tTG
(Sigma; T-5398) (50 mg/ml) in PBS + CaCl2 1mM for 2 h
at 370C. Peptides and peptide pools were aliquotted
into sterile 96-well plates and stored frozen at -2O0C
until use.Amino acid sequencing of peptides: Reverse
phase HPLC was used to purify the peptide resulting
from tTG treatment of A-gliadin 56-75. A single
product was identified and subjected to amino acid
sequencing (automated sequencer Model 494A, Applied
Biosystems, Foster City, California). The sequence of
unmodified G56-75 was confirmed as:
LQLQPFPQPQLPYPQPQSFP (SEQ ID NO:5), and tTG treated
G56-75 was identified as: LQLQPFPQPELPYPQPQSFP (SEQ ID
NO:1 1). Deamidation of glutamyl residues was defined
as the amount (pmol) of glutamate recovered expressed
as apercent of the combined amount of glutamine and
glutamate recovered in cycles 2, 4, 8, 10, 15 and 17
of the amino acid sequencing. Deamidation attributable
to tTG was defined as (% deamidation of glutamine in
the tTG treated peptide - % deamidation in the
untreated peptide) / (100 - % deamidation 



in the untreated peptide). CD4/CD8 andHLA Class II
Restriction: Anti-CD4 or anti-CD8 coated magnetic
beads (Dynal, Oslo, Norway) were washed four times
with RPMI then incubated with PBMC in complete RPMI
containing 10% heat inactivated human AB serum (5x10
cells/ml) for 30 minutes on ice. Beads were removed
using a magnet and cells remaining counted. In vivo
HLA-class II restriction of the immune response to
tTG-treated A-gliadin 56-75 was established by
incubating PBMC (5x1 06 cells/ml) with anti-HLA-DR
(L243), -DQ (L2), and -DP (B7.21) monoclonal
antibodies (10 mg/ml) at room temperature for one hour
prior to the addition of peptide. Example 4 Mucosal
integrin expression by gliadin -specific peripheral
blood lymphocytes Interaction between endothelial and
lymphocyte adressins facilitates homing of
organ-specific lymphocytes. Many adressins are known.
The heterodimer o b is specific for lamina propria gut
and other mucosal lymphocytes, and aHb is specific and
intra-epithelial lymphocytes in the gut and skin.
Approximately 30% of peripheral blood CD4 T cells
express o b and are presumed to be in transit to a
mucosal site, while 5% of peripheral blood T cells
express aEb7. Immunoniagnetic beads coated with
antibody specific for aE or b deplete PBMC of cells
expressing aEb or aEb7 and h, respectively. In
combination with ELISpot assay,immunomagnetic bead
depletion allows determination of gliadin-specif  c T
cell addressin expression that may identify these
cells as homing to a mucosal surface. Interestingly,
gluten challenge in vivo is associated with rapid
influx of CD4 T cells to the small intestinal lamina
propria (not intra-epithelial sites), where over 90%
lymphocytes express o b . Immunomagnetic beads were
prepared and used to deplete PBMC from coeliac
subjects on day 6 or 7 after commencing 3 day gluten
challenge. FACS analysis demonstrated aE beads
depleted approximately 50% of positive CD4 T cells,
while b 7 beads depleted all-b 7 positive CD4 T cells.
Depletion of PBMC using CD4- or b 7-beads, but not
CD8- or aE -beads, abolished responses in the
interferon gamma ELISpot. tTG gliadin and PPD
responses were abolished by CD4 depletion, but
consistently affected by integrin-specific bead
depletion. Thus A-gliadin 57-73 QE65-specific T cells
induced after gluten challenge in coeliac disease
express the integrin, a , present on lamina propria
CD4 T cells in the small intestine. Example 5 Optimal
T cell Epitope Length Previous data testing peptides
from 7 to 17 amino acids in length spanning the core
of the dominant T cell epitope in A-gliadin indicated
that the 17mer, A-gliadin 57-73 QE65 (SEQ ID NO:2)
induced maximal responses in the interferon gamma
Elispot using peripheral blood mononuclear cells
(PBMC) from coeliac volunteers 6 days after commencing
a 3-day gluten challenge. Peptides representing
expansions form the core sequence of the dominant T
cell epitope in A-gliadin were assessed in the IFN
gamma ELISPOT using peripheral blood mononuclear cells
(PBMC) from coeliac volunteers in 6 days after
commencing a 3-day gluten challenge (n=4). Peptide 13:
A-gliadin 59-71 QE65 (13mer), peptide 15: 58-72 QE65
(15mer), ..., peptide 27: 52-78 SE65 (27mer). As shown
in Figure 11 expansion of the A-gliadin 57-73 QE65
sequence does not substantially enhance response in
the IFNgamma Elispot. Subsequent Examplescharacterise
the agonist and antagonist activity of A-gliadin 57-73
QE65 using 17mer peptides. Example 6 Comparison of
A-gliadin 57-73 QE65 with other DQ2-restricted T cell
epitopes in coeliac disease Dose response studies were
performed using peptides corresponding to unmodified
and transglutaminase-treated peptides corresponding to
T cell epitopes of gluten-specific T cell clones and
lines from intestinal biopsies of coeliac subjects.
Responses to peptides were expressed as percent of
response to A-gliadin 57-73 QE65. ' All subjects were
HLA-DQ2+ (none were DQ8+). The studies indicate that
A-gliadin 57-73 QE65 is the most potent gliadin
peptide for induction of interferon gamma in the
ELISpot assay using coeliac PBMC after gluten
challenge (see Figure 12a-h, and Tables 5 and 6). The
second and third 



epitopes are suboptimal fragments of larger peptides
i.e. A-gliadin 57-73 QE65 and GDA4_WHEAT P04724-84-100
QE92. The epitope is only modestly bioactive
(approximately l/20 th as active as A-gliadin 57-73
QE65 after blank is subtracted). A-gliadin 57-73 QE65
is more potent than other known T cell epitopes in
coeliac disease. There are 16 polymorphisms of
A-gliadin 57-73 (including the sequence PQLPY (SEQ ID
NO:12)) amongst sequenced gliadin genes, their
bioactivity is assessed next. Example 7 Comparison of
gliadin- and A-gliadin 57-73 QE65-specific responses
in peripheral blood The relative contribution of the
dominant epitope, A-gliadin 57-73 QE65, to the total T
cell response to gliadin in coeliac disease is a
critical issue. Pepsintrypsin and
chymotrypsin-digested gliadin have been traditionally
used as antigen for development of T cell lines and
clones in coeliac disease. However, it is possible
that these proteases may cleave through certain
peptide epitopes. Indeed, chymotrypsin digestion of
recombinant a9-gliadin generates the peptide
QLQPFPQPELPY (SEQ ID NO:13), that is a truncation of
the optimal epitopesequence QLQPFPQPELPYPQPQS (SEQ ID
NO:2) (see above). Transglutaminase-treatment
substantially increases the potency of
chymotrypsindigested gliadin in proliferation assays
of gliadin-specif c T cell clones and lines. Hence,
transglutaminase-treated chymotrypsin-digested gliadin
(tTG gliadin) may not be an ideal antigen, but
responses against this mixture may approximate the
"total" number of peripheral blood lymphocyte specific
for gliadin. Comparison of responses against A-gliadin
57-73 QE65 and tTG gliadin in the ELISpot assay gives
an indication of the contribution of this dominant
epitope to the overall immune response to gliadin in
coeliac disease, and also be a measure of epitope
spreading. PBMC collected on day 6 or 7 after
commencing gluten challenge in 4 coeliac subjects were
assessed in dose response studies using
chymotrypsin-digested gliadin +/- tTG treatment and
compared with ELISpot responses to an optimal
concentration of A-gliadin 57-73 QE65 (25mcg/ml). TTG
treatment of gliadin enhanced PBMC responses in the
ELISpot approximately 10-fold (tTG was comparable to
blank when assessed alone) (see Figure 13a-c). In the
four coeliac subjects studied, A-gliadin 57-73 QE65
(25 mcg/ml) elicited responses between 14 and 115%
those of tTG gliadin (500 mcg/ml), and the greater the
response to Agliadin 57-73 QE65 the greater proportion
it represented of the tTG gliadin response. Relatively
limited data suggest that A-gliadin 57-73 QE65
responses are comparable to tTG gliadin in some
subjects. Epitope spreading associated with more
evolved anti-gliadin T cell responses may account for
the smaller contribution of Agliadin 57-73 QE65 to
"total" gliadin responses in peripheral blood in some
individuals. Epitope spreading may be maintained in
individuals with less strictly gluten free diets.
Example 8 Definition of gliadin peptides bioactive in
coeliac disease: polymorphisms of Agliadin 57-73
Overlapping 15mer peptides spanning the complete
sequence of A-gliadin were assessed in order to
identify the immunodominant sequence in coeliac
disease. A-gliadin was the first fully sequenced alpha
gliadin protein and gene, but is one of approximately
30-50 related alpha gliadin proteins in wheat. Twenty
five distinctalpha-gliadin genes have been identified
by searching protein data bases, Swiss-Prot and TREMBL
describing a further 8 alpha-gliadins. Contained
within these 25 alpha-gliadins, there are 16 distinct
polymorphisms of the sequence corresponding to
A-gliadin 57-73 (see Table 7). Synthetic peptides
corresponding to these 16 polymorphisms, in an
unmodified form, after treatment with transglutaminase
in vitro, as well as with glutamate substituted at
position 10 (equivalent to QE65 in A-gliadin 57-73)
were assessed using PBMC from coeliac subjects,
normally following a gluten free diet, day 6 or 7
after gluten challenge in interferon gamma ELISpot
assays. Glutamatesubstituted peptides were compared at
three concentrations (2.5, 25 and 250 mcg/ml),
unmodified peptide and transglutaminase-treated
peptides were assessed at 25 mcg/ml only. Bioactivity
was expressed as % of response associated with
Agliadin 57-73 QE65 25 mcg/ml in individual subjects
(n=4). (See Fig 14). . Bioactivity of "wild-type"
peptides was substantially increased (>5-fold) by 



treatment with transglutaminase. Transglutaminase
treatment of wild-type peptides resulted in
bioactivity similar to that of the same peptides
substituted with glutamate at position 10.
Bioactivities of five glutamate-substituted peptides
(B, C, K, L, M), were >70% that of A-gliadin 57-73
QE65 (A), butnone was significantly more bioactive
than A-gliadin 57-73 QE65. PBMC responses to
glutamate-substituted peptides at concentrations of
2.5 and 250 mcg/ml were comparable to those at 25
mcg/ml. Six glutamate-substituted gliadin peptides (H,
I, J, N, O, P) were <15% as bioactive as A-gliadin
57-73 QE65. Other peptides were intermediate in
bioactivity. At least six gliadin-derived peptides are
equivalent in potency to A-gliadin 57-73 QE65 after
modification by transglutaminase. Relatively
non-bioactive polymorphisms of A-gliadin 57-73 also
exist. These data indicate that transglutaminase
modification of peptides from several gliadins of
Triticum aestivum, T. uartu and T. spelta may be
capable of generating the immunodominant T cell
epitope in coeliac disease. Genetic modification of
wheat to generate non-coeliac-toxic wheat may likely
require removal or modification of multiple gliadin
genes. Generation of wheat containing gliadins or
other proteins or peptides incorporating sequences
defining altered peptide ligand antagonists of
A-gliadin 57-73 is an alternative strategy togenerate
genetically modified wheat that is therapeutic rather
than "non-toxic" in coeliac disease. Example 9
Definition of Core Epitope Sequence: Comparison of
peptides corresponding to truncations of A-gliadin
56-75 from the N- and C-terminal indicated that the
core sequence of the T cell epitope is PELPY
(A-gliadin 64-68). Attempts to define non-agonists and
antagonists will focus on variants ofA-gliadi  that
are substituted at residues that substantially
contribute to its bioactivity. Peptides corresponding
to A-gliadin 57-73 QE65 with alanine (Figure 15) or
lysine (Figure 16) substituted for residues 57 to 73
were compared in the IFN gamma ELISPOT using
peripheral blood mononuclear cells (PBMC) from coeliac
volunteers 6 days after commencing a 3-day gluten
challenge (n=8). (BL is blank, E is Agliadin 57-73
QE65: QLQPFPQPELPYPQPQS (SEQ ID NO:2)). It was found
that residues corresponding to A-gliadin 60-70 QE65
(PFPQPELPYPQ (SEQ ID NO:14)) contribute substantially
to the bioactivity in Agliadin 57-73 QE65. Variants of
A-gliadin 57-73 QE65 substituted at positions 60- 70
are assessed in a 2-step procedure. Initially,
A-gliadin 57-73 QE65 substituted at positions 60-70
using 10 different amino acids with contrasting
properties are assessed. A second group of A-gliadin
57-73 QE65 variants (substituted with all other
naturally occurring amino acids except cysteine at
positions that prove are sensitive to modification)
are assessed in a second round. Example 10 Agonist
activity of substituted variants of A-gliadin 57-73
QE65 A-gliadin 60-70 QE65 is the core sequence of the
dominant T cell epitope in A-gliadin. Antagonist and
non-agonist peptide variants of this epitope are most
likely generated by modification of this core
sequence. Initially, A-gliadin 57-73 QE65 substituted
at positions 60-70 using 10 different amino acids with
contrasting properties will be assessed in the
IFNgamma ELISPOT using PBMC from coeliac subjects 6
days after starting 3 day gluten challenge. A second
group of A-gliadin57-73 QE65 variants (substituted
with all other naturally occurring amino acids except
cysteine) at positions 61-70 were also assessed. Both
groups of peptides (all at 50 mcg/ml, in duplicate)
were assessed using PBMC from 8 subjects and compared
to the unmodified peptide (20 replicates per assay).
Previous studies indicate that the optimal
concentration for A-gliadin 57-73 QE65 in this assay
is between 10 and 100 mcg/ml. Results are expressed as
mean response in spot forming cells (95% confidence
interval) as % A-G 57-73 QE65 mean response in each
individual. Unpaired t-tests will be used to compare
ELISPOT responses of modified peptides with A-G 57-73
QE65. Super-agonists were defined as having a greater
response than A-G 57-73 QE65 at a level of
significance of p<0.01; partial agonists as having a
response less than A-G 57-73 QE65 at a level of
significance ofp<0.01, and nonagonists as being not
significantly different (p>0.01) from blank (buffer
without peptide). Peptides with agonist activity 30%
or less that of A-gliadin 57-73 QE65 



were considered "suitable" partial or non-agonists to
assess for antagonistic activity (see Table 8 and
Figures 17-27). The IFNgamma ELISPOT response of PBMC
to A-gliadin 57-73 QE65 is highly specific at a
molecular level. Proline at position 64 (P64),
glutamate at 65 (E65) and leucine at position 66
(L66), and to a lesser extent Q63, P67, Y68 and P69
are particularly sensitive to modification. The
substitutions Y61 and Y70 both generate super-agonists
with 30% greater bioactivity than the parent peptide,
probably by enhancing binding to HLA-DQ2 since the
motif for this HLA molecule indicates a preference for
bulky hydrophobic resides at positions 1 and 9.
Eighteen non-agonist peptides were identified.
Bioactivities of the variants (50 mcg/ml): P65, K64,
K65 and Y65 (bioactivity 7-8%) were comparable to
blank (7%). In total, 57 mutated variants of A-gliadin
57-73 QE65 were 30% or less bioactive than A-gliadin
57-73 QE65. The molecular specificity of the
peripheral blood lymphocyte (PBL) T cell response to
the dominant epitope, A-gliadin 57-73 QE65, is
consistently reproducible amongst HLA-DQ2+ coeliac
subjects, and is highly specific to a restricted
number of amino acids in the core 7 amino acids.
Certain single-amino acid variants of Agliadin 57-73
QE65 are consistently non-agonists in all HLA-DQ2+
coeliac subjects.Example 11 Antagonist activity of
substituted variants The homogeneity of the PBL T cell
response to A-gliadin 57-73 QE65 in HLA-DQ2+ coeliac
disease suggests that altered peptide ligands (APL)
capable of antagonism in PBMC ex vivo may exist, even
though the PBL T cell response is likely to be poly-
or oligo-clonal. APL antagonists are generally weak
agonists. Fifty-seven single amino acid-substituted
variants of A-gliadin 57-73 QE65 with agonist activity
30% or less have been identified and are suitable
candidates as APL antagonists. In addition, certain
weakly bioactive naturally occurring polymorphisms of
A-gliadin 57-73 QE65 have also been identified (see
below) and may be "naturally occurring" APL
antagonists. It has also been suggested that
competition for binding MHC may also antagonise
antigen-specific T cell immune. Hence, nongliadin
peptides that do not induce IFNgamma responses in
coeliac PBMC after gluten challenge but are known to
bind to HLA-DQ2 may be capable of reducing T cell
responses elicited by A-gliadin 57-73 QE65. Two
peptides that bind avidly to HLA-DQ2 are HLA class 1 a
46-60 (HLA Ia) (PRAPWIEQEGPEYW (SEQ ID NO:15)) and
thyroid peroxidase (tp) 632-645Y (IDVWLGGLLAENFLPY
(SEQ ID NO:16)). Simultaneous addition of peptide
(50mg/ml) or buffer and A-gliadin 57-73 QE65 (lOmg/ml)
in IFNgamma ELISPOT using PBMC from coeliac volunteers
6 days after commencing 3 day gluten challenge (n=5).
Results were expressed as response with peptide plus
A-G 57-73 QE65 (mean of duplicates) as % response with
buffer plus A-G 57-73 QE65 (mean of 20 replicates).
(See Table 9). Four single amino acid-substituted
variants of A-gliadin 57-73 QE65 reduce the interferon
gamma PBMC ELISPOT response to A-gliadin 57-73 QE65
(p<0.01) by between 25% and 28%, 13 other peptide
variants reduce the ELISPOT response by between 18%
and 24% (p<0.06). The HLA-DQ2 binder, thyroid
peroxidase (tp) 632-645Y reduces PBMC interferon gamma
responses to A-gliadin 57-73 QE65 by 31% (p<0.0001)
but the other HLA-DQ2 binder, HLA class 1 a 46-60,
does not alter responses (see Tables 9 and 10). The
peptide corresponding to a transglutaminasemodified
polymorphism of A-gliadin 57-73, SwissProt accession
no.: P04725 82-98QE90 (PQPQPFPPELPYPQPQS (SEQ ID
NO:17)) reduces responses to A-gliadin 57-73 QE65 by
19% (p<0.009) (see Table 11). Interferon gamma
responses of PBMC to A-gliadin 57-73 QE65 in ELISPOT
assays are reduced by co-administration of certain
smgle-amino acid A-gliadin 57-73 QE65 variants, a
polymorphism of A-gliadin 57-73 QE65, and an unrelated
peptide known to bind HLA-DQ2 in five-fold excess.
These finding suggest that altered peptide ligand
antagonists of A-gliadin 57-73 QE65 exist. Not only
putative APL antagonists but also certain peptides
that bind HLA-DQ2 effectively reduce PBL T cell
responses to A-gliadin 57-73~QE65. These findings
support two strategies to interrupt the T cell
response to the dominant A-gliadin epitope in HLA-DQ2+
coeliac disease. 1. Optimisation of APL antagonists by
substituting amino acids at more than one position
(64-67) for use as "traditional" peptide
pharmaceuticals or for 



specific genetic modification of gliadin genes in
wheat. 2. Use of high affinity HLA-DQ2 binding
peptides to competitively inhibit presentation of
A-gliadin 57-73 QE65 in association with HLA-DQ2.
These two approaches may be mutually compatible.
Super-agonists were generated by replacing F61 and Q70
with tyrosine residues. It is likely these
superagonists resulted from improved binding to
HLA-DQ2 rather than enhanced contact with the T cell
receptor. By combining these modifications with other
substitutions that generate modestly effective APL
antagonists might substantially enhance the inhibitory
effect of substituted A-gliadin 57-73 QE65 variants.
Example 12 Development of interferon gamma ELISpot
using PBMC and A-gliadin 57-73 QE65 and P04724 84-100
QE92 as a diagnosticfor coeliac disease: Definition of
immuneresponsiveness in newly diagnosed coeliac
disease Induction of responsiveness to the dominant
A-gliadin T cell epitope in PBMC measured in the
interferon gamma ELISpot follows gluten challenge in
almost all DQ2+ coeliac subjects following a long term
strict gluten free diet (GFD) but not in healthy DQ2+
subjects after 4 weeks following a strict GFD.
A-gliadin57-73 QE65 responses are not measurable in
PBMC of coeliac subjects before gluten challenge and
pilot data have suggested these responses could not be
measured in PBMC of untreated coeliacs. These data
suggest that in coeliac disease immune-responsiveness
to A-gliadin 57-73 QE65 is restored following antigen
exclusion (GFD). If a diagnostic test is to be
developed using the ELISpot assay and PBMC, it is
desirable to define the duration of GFD required
before gluten challenge is capable of inducing
responses to A-gliadin 57-73 QE65 and other
imraunoreactive gliadin peptides in blood. Newly
diagnosed DQ2+ coeliac subjects were recruited from
the gastroenterology outpatient service. PBMC were
prepared and tested in interferon gamma ELISpot assays
before subjects commenced GFD, and at one or two weeks
after commencing GFD. In addition, gluten challenge (3
days consuming 4 slices standard white bread,
200g/day) was performed at one or two weeks after
starting GFD. PBMC were prepared and assayed on day
six are after commencing gluten challenge. A-gliadin
57-73 QE65 (A), P04724 84-100 QE92 (B) (alone and
combined) and A-gliadin 57-73 QP65 (P65)
(non-bioactive variant, see above) (all 25 mcg/ml)
were assessed. All but one newly diagnosed coeliac
patient was DQ2+ (one was DQ8+) (n=l 1). PBMC from
newly diagnosed coeliacs that were untreated, or after
1 or 2 weeks following GFD did not show responses to
A-gliadin 57-73 QE65 and P04724 84-100 QE92 (alone or
combined) that were not significantly different from
blank or A-gliadin 57-73 QP65 (n=9) (see Figure 28).
Gluten challenge in coeliacs who had followed GFD for
only one week did not substantially enhance responses
to Agliadin 57-73 QE65 or P04724 84-10.0 QE92 (alone
or combined). But gluten challenge 2 weeks after
commencing GFD did induce responses to A-gliadin 57-73
QE65 and P04724 84-100 QE92 (alone or combined) that
were significantly greater than the non-bioactive
variant A-gliadin 57-73 QP65 and blank. Although these
responses after gluten challenge at 2 weeks were
substantial they appear to be less than in subjects >2
months after commencing GFD. Responses to A-gliadin
57-73 QE65 alone were equivalent or greater than
responses to P04724 84-100 QE92 alone or when mixed
with A-gliadin 57-73 QE65. None of the subjects
experienced troubling symptoms with gluten
challenge.Immune responsiveness (as measured in PBMC
after gluten challenge) to Agliadin is partially
restored 2 weeks after commencing GFD, implying that
"immune unresponsiveness" to this dominant T cell
epitope prevails in untreated coeliac disease and for
at least one week after starting GFD. The optimal
timing of a diagnostic test for coeliac disease using
gluten challenge and measurement of responses to
A-gliadin 57-73 QE65 in the ELISpot assay is at least
2 weeks after commencing a GFD. Interferon
gamma-secreting T cells specific to A-gliadin 57-73
QE65 cannot be measured in the peripheral blood in
untreated coeliacs, and can only be induced by gluten
challenge after at least 2 weeks GFD (antigen
exclusion). Therefore, timing of a diagnostic test
using this methodology is crucial and further studies
are needed for its optimization. These finding are
consistent with functional anergy of T cells specific
for the dominant epitope, A-gliadin 57-73 QE65,
reversed by antigen 



exclusion (GFD). This phenomenon has not been
previously demonstrated in a human disease, and
supports the possibility that T cell anergy may be
inducible with peptide therapy in coeliac disease.
Example 13 Comprehensive Mapping of Wheat Gliadin T
Cell Epitopes Antigen challenge induces
antigen-specific T cells in peripheral blood. In
coeliac disease, gluten is the antigen that maintains
this immune-mediated disease. Gluten challenge in
coeliac disease being treated with a gluten free diet
leads to the appearance of gluten-specific T cells in
peripheral blood, so enabling determination of the
molecular specificity of gluten T cell epitopes. As
described above, we have identified a single dominant
T cell epitope in a model gluten protein, A-gliadin
(57- 73 deamidated at Q65). In this Example, gluten
challenge in coeliac patients was used to test all
potential 12 amino acid sequences in every known wheat
gliadin protein derived from 1 1 1 entries in Genbank.
In total, 652 20mer peptides were tested in HLA-DQ2
and HLA-DQ8 associated coeliac disease. Seven of the 9
coeliac subjects with the classical HLA-DQ2 complex
(HLA-DQAl *05, .HLADQB1* 02) present in over 90% of
coeliacs had an inducible A-gliadin 57-73 QE65- and
gliadin-specific T cell response in peripheral blood.
A-gliadin 57-73 was theonly significant a-gliadin T
cell epitope, as well as the most potent gliadin T
cell epitope, in HLA-DQ2-associated coeliac disease.
In addition, there were as many as 5 families of
structurally related peptides that were between 10 and
70% as potent as A-gliadin 57-73 in the interferon-^
ELISpot assay. These new T cell epitopes were derived
from g - and w-gliadins and included common sequences
that were structurally very similar, but not identical
to the core sequence of A-gliadin 57-73 (core
sequence: FPQPQLPYP (SEQ ID NO: 18)), for example:
FPQPQQPFP (SEQ ID NO:19) and PQQPQQPFP (SEQ ID NO:20).
Although no homologues of Agliadin 57-73 have been
found prrye or barley, the other two cereals toxic in
coeliac disease, the newly defined T cell epitopes in
g - and w-gliadins have exact matches in rye and
barley storage proteins (secalins and hordeins,
respectively). - Coeliac disease not associated with
HLA-DQ2 is almost always associated with HLA-DQ8. None
of the seven HLA-DQ8+ coeliac subjects had inducible
Agliadin 57-73-specific T cell responses following
gluten challenge, unless they also possessed the
complete HLA-DQ2 complex. Two of 4 HLA-DQ8+ coeliac
subjects who did not possess the complete HLA-DQ2
complex, had inducible gliadin peptidespecific T cell
responses following gluten challenge. In one HLA-DQ8
subject, a novel dominant T cell epitope was
identified with the core sequence LQPQNPSQQQPQ (SEQ ID
NO:21). The transglutaminase-deamidated version of
this peptide was more potent than the non-deamidated
peptide. Previous studies suggest that the
transglutaminase-deamidated peptide would have the
sequence LQPENPSQEQPE (SEQ ID NO:22); but further
studies are required to confirm this sequence. Amongst
the healthy HLA-DQ2 (10) and HLA-DQ8 (1) subjects who
followed a gluten free diet for a month, gliadin
peptide-specific T cell responses were uncommon,
seldom changed with gluten challenge, and were never
potent T cell epitopes revealed with gluten challenge
in coeliac subjects. In conclusion, there are unlikely
to be more than six important T cell epitopes in
HLA-DQ2-associated coeliac disease, of which A-gliadin
57-73 is the most potent. HLA-DQ2- and HLADQ8-
associated coeliac disease do not share the same T
cell specificity. We have shown that short-term gluten
challenge of individuals with coeliac disease
following a gluten free diet induces gliadin-specific
T cells in peripheral blood. The frequency of these T
cells is maximal in peripheral blood on day 6 andthen
rapidly wanes over the following week. Peripheral
blood gliadin-specific T cells express the integrin
a4b7 that is associated with homing to the gut lamina
propria. We exploited this human antigen-challenge
design to map T cell epitopes relevant to coeliac
disease in the archetypal gluten a-gliadin protein,
A-gliadin. Using 15mer peptides overlapping by 10
amino acids with and without deamidation by
transglutaminase (tTG), we demonstrated that T cells
induced in peripheral blood initially target only one
A-gliadin peptide, residues 57-73 in which glutamine
at position 65 is deamidated. The epitope is
HLA-DQ2-restricted, consistent with the intimate
association of coeliac disease with HLA-DQ2. Coeliac
disease is reactivated by wheat, rye and barley
exposure. The a/b- gliadin fraction of wheat gluten-is
consistently toxic in coeliac disease, and most
studies have focused on these proteins. The gene
cluster coding for a/b-gliadins is 



located on wheat chromosome 6C. There are no
homologues of a/b-gliadins in rye or barley. However,
all three of the wheat gliadin subtypes (a/b, g, and
w) are toxic in coeliac disease. The g- and w-gliadin
genes are located on chromosome IA in wheat, and are
homologous to the secalins and hordeins in rye and
barley. There are now genes identified for 61
a-gliadins in wheat (Triticum aestivum). The a-gliadin
sequences are closely homologous, but the dominant
epitope in A-gliadin derives from the most polymorphic
region in the a-gliadin sequence. Anderson et al
(1997) have estimated thatthere are a total of about
150 distinct a-gliadin genes in T. aestivum, but many
are psuedogenes. Hence, it is unlikely that T-cell
epitopes relevant to coeliac disease are not included
within known a-gliadin sequences. Our work has
identified a group of deamidated a-gliadin peptides
almost identical to A-gliadin 57-73 as potent T cell
epitopes specific to coeliac disease. Over 90% of
coeliac patients are HLA-DQ2+, and so far, we have
only assessed HLA-DQ2+ coeliac subjects after gluten
challenge. However, coeliac patients who do not
express HLA-DQ2 nearly all carry HLA-DQ8. Hence, it is
critical to know whether A-gliadin 57-73 and its
homologues in other wheat, rye and barley gluten
proteins are the only T-cell epitopes recognized by T
cells induced by gluten challenge in both HLA-DQ2+ and
HLA-DQ8+ coeliac disease. If this were the case,
design of peptide therapeutics for coeliac disease
might only require one peptide.Homologues ofA-gliadin
57-73 as T-cell epitopes Initial searches of SwissProt
and Trembl gene databases for cereal genes coding for
the core sequence of A-gliadin 57-73 (PQLPY <SEQ ID
NO:12>) only revealed a/b-gliadins. However, our
fine-mapping studies of the A-gliadin 57-73 QE65
epitope revealed a limited number of permissive point
substitutions in the core region (PQLP) (note Q65 is
actually deamidated in the epitope). Hence, we
extended our search to genes in SwissProt or Trembl
databases encoding for peptides with the sequence
XXXXXXXPQ[ILMP][PST]XXXXXX (SEQ ID NO:23). Homologues
were identified amongst g -gliadins, glutenins,
hordeins and secalins (see Table 12). A further
homologue was identified in w-gliadin by visual search
of the three w- gliadin entries in Genbank. These
homologues of A-gliadin 57-73 were assessed after
deamidation by tTG (or synthesis of the
glutamate(QE)-substituted variant in four close
homologues) using the IFNg ELISpot assay with
peripheral blood mononuclear cells after gluten
challenge in coeliac subjects. The w-gliadin sequence
(AAG17702 141-157) was the only bioactive peptide,
approximately half as potent as A-gliadin 57-73 (see
Table 12, and Figure 29). Hence, searches for
homologues of the dominant A-gliadin epitope failed to
account for the toxicity of g-gliadin, secalins, and
hordeins. Methods Design of a set of peptides spanning
all possible wheat gliadin T-cell epitopes In order to
identify all possible T cell epitopes coded by the
known wheat (Triticum aestivum) gliadin genes or gene
fragments (61 a/b-, 47 g-, and 3 w-gliadin entries in
Genbank), gene-derived protein sequences were aligned
using the CustalW software (MegAlign) and arranged
into phylogenetic groupings (see Table 22). Many
entries represented truncations of longer sequences,
and many gene segments were identical except for the
length of polyglutamine repeats or rare substitutions.
Hence, it was possible to rationalize all potential
unique 12 amino acid sequences encoded by known wheat
genes to be included in a set of 652 20mer peptides.
(Signal peptide sequences were not included). Peptide
sequences are listed in Table 23. Comprehensive
epitope mappingHealthy controls (HLA-DQ2+ n=10, and
HLA-DQ8+ n=l) who had followed a gluten free diet for
4 weeks, and coeliac subjects (six HLA-DQ2, four
complex heterozygotes HLA-DQ2/8, and three HLA-DQ8/X)
(see Table 13) following longterm gluten free diet
were studied before and on day 6 and 7 after 3-day
gluten challenge (four 5Og slices of standard white
bread - Sainsbury's sandwich bread, each day).
Peripheral blood (a total of300ml oyer seven days) was
collected and peripheral blood mononuclear cells
(PBMC) were separated by Lymphoprep density gradient.
PBMC were incubated with pools of 6 or 8 20mer
peptides, or single peptides with or without
deamidation by tTG in overnight interferon gamma
(IFNg) ELISpot assays. Peptides were synthesized in
batches of 96 as Pepsets (Mimotopes Inc., 



Melbourne Australia). Approximately 0.6 micromole of
each of 652 20mers was provided. Two marker 20mer
peptides were included in each set of 96
(VLQQHNIAHGSSQVLQESTY - peptide 161 (SEQ ID NO:24),
and IKDFHVYFRESRDALWKGPG (SEQ ID NO:25)) and were
characterized by reverse phase-HPLC and amino acid
sequence analysis. Average purities of these marker
peptides were 50% and 19%, respectively. Peptides were
initially dissolved in acetonitrile (10%) and Hepes
10OmM to 10mg/ml. The final concentration of
individual peptides in pools (or alone) incubated with
PBMC for the IFNg ELISpot assays was 20 mg/ml.
Five-times concentrated solutions of peptides and
pools in PBS with calcium chloride ImM were aliquotted
and stored in 96-well plates according to the template
later used in ELISpot assays. Deamidated peptides and
pools of peptides were prepared by incubation with
guinea pig tissue tTG (Sigma T5398) in the ratio
100:32 mg/ml for two hours at 370C. Peptides solutions
were stored at - 2O0C and freshly thawed prior to use.
Gliadin (Sigma G3375) (100 mg/ml) in endotoxin-free
water and 2M urea was boiled for 10 minutes, cooled to
room temperature and incubated with filter (0.2
mm)-sterilised pepsin (Sigma P6887) (2 mg/ml) in HCl
0.02M or chymotrypsin (C3 142) (4mg/ml) in ammonium
bicarbonate (0.2M). After incubation for 4 hours,
pepsin-digested gliadin was neutralized with sodium
hydroxide, and then both pepsin- and
chymotrypsin-digested gliadin were boiled for 15
minutes. Identical incubations with protease in which
gliadin was omitted were also performed.Samples were
centrifuged at 15 OOOg, then protein concentrations
were estimated in supernatants by the BCA method
(Pierce, USA). Before final use in IFN g ELISpot
assays, aliquots ofgliadin-protease were incubated
with tTG in the ratio 2500:64 mg/ml. IFNg ELISpot
assays (Mabtech, Sweden) were performed in 96-well
plates (MAIP S-45, Millipore) in which each well
contained 25ml of peptide solution and lOOml of PBMC
(2-8x1 05/well) in RPMI containing 10% heat
inactivated human AB serum. Deamidated peptide pools
were assessed in one 96-well ELISpot plate, and
peptides pools without deamidation in a second plate
(with an identical layout) on both day 0 and day 6.
All wells in the plate containing deamidated peptides
included tTG (64 mg/ml). In each ELISpot plate there
were 83 wells with peptide pools (one unique pool in
each well), and a series of wells for "control"
peptides (peptides all >90% purity, characterized by
MS and HPLC, Research Genetics): P04722 77-93
(QLQPFPQPQLPYPQPQP (SEQ ID NO:26)), P04722 77-93 QE85
(in duplicate) (QLQPFPQPELPYPQPQP (SEQ ID NO:27)),
P02863 77-93 (QLQPFPQPQLPYSQPQP (SEQ ID NO:28)),
P02863 77-93 QE85 (QLQPFPQPELPYSQPQP (SEQ ID NO:29)),
and chymotrypsin-digested gliadin (500 mg/ml),
pepsin-digested gliadin (500 mg/ml), chymotrypsin (20
mg/ml) alone, pepsin (10 mg/ml) alone, and blank
(PBS+/-tTG) (in triplicate). After development and
drying, IFNg ELISpot plates were assessed using the
MAIP automated ELISpot.plate counter. In HLA-DQ2
healthy and coeliac subjects, induction of spot
forming cells (sfc) by peptide pools in the IFNg
ELISpot assay was tested using a one-tailed Wilcoxon
Matched-Pairs Signed-Ranks test (using SPSS software)
applied to spot forming cells (sfc) per million PBMC
minus blank on day 6 versus day 0 ("net response").
Significant induction of an IFNg response to peptide
pools in PBMC by in vivo gluten challenge was defined
as a median "net response" of at least 10 sfc/million
PBMC and p<0.05 level of significance. Significant
response to a particular pool of peptides on day 6 was
followed by assessment of individual peptides within
each pool using PBMC drawn the same day or on day 7.
For IFNg ELISpot assays of individual peptides,
bioactivity was expressed as a percent of response to
P04722 77-93 QE85 assessed in the same ELISpot plate.
Median response to blank (PBS alone) was 0.2 (range
0-5) sfc per well, and thepositive control (P04722
77-93 QE85) 76.5 (range: 25-282) sfc per well using a
median of 0.36 million (range: 0.3-0.72) PBMC. Hence,
median response to blank expressed as a percentage of
P04722 77-93 QE65 was 0.2% (range: 0-6.7). Individual
peptides with mean bioactivity greater thanl q% that
ofP04722 QE85 were analyzed for common structural
motifs. Results Healthy HLA-DQ2 subjects None of the
healthy HLA-DQ2+ subjects following a gluten free diet
for a month had IFNg ELISpot responses to homologues
of A-gliadin 57-73 before or after 



gluten challenge. However, in 9/10 healthy subjects,
gluten challenge was associated with a significant
increase in IFNg responses to both peptic- and
chymotrypticdigests of gliadin, from a median of 0-4
sfc/million on day 0 to a median of 16-29 sfc/million
(see Table 14). Gliadin responses in healthy subjects
were unaffected by deamidation (see Table 15). Amongst
healthy subjects, there was no consistent induction of
IFNg responses to specific gliadin peptide pools with
gluten challenge (see Figure 30, and Table 16). IFNg
ELISpot responses were occasionally found, but these
were weak, and not altered by deamidation. Many of the
strongest responses to pools were also present on day
0 (see Table 17, subjects H2, H8 and H9). Four healthy
subjects did show definite responses to pool 50,and
the two with strongest responses on day 6 also had
responses on day 0. In both subjects, the
post-challenge responses to pool 50 responses were due
to peptide 390 (QQTYPQRPQQPFPQTQQPQQ (SEQ ID NO:30)).
HLA-DQ2 coeliac subjects Following gluten challenge in
HLA-DQ2+ coeliac subjects, median IFNg ELISpot
responses to P04722 77-93 E85 rose from a median of 0
to 133 sfc/million (see Table 4). One of the six
coeliac subjects (C06) did not respond to P04722 77-93
QE85 (2 sfc/million) and had only weak responses to
gliadin peptide pools (maximum: Pool 50+tTG 27
sfc/million). Consistent with earlier work,
bioactivity of wild-type P04722 increased 6.5 times
with deamidation by tTG (see Table 15).
Interferon-gamnia responses to gliadin-digests were
present at baseline, but were substantially increased
by gluten challenge from a median of 20 up to 92
sfc/million for chymotryptic-gliadin, and from 44 up
to 176 sfc/million for peptide-gliadin.Deamidation of
gliadin increased bioactivity by a median of 3.2 times
for chymotryptic-gliadin and 1.9 times for
peptic-gliadin (see Table 15). (Note that the acidity
required for, digestion by pepsin is likely to result
in partial deamidation of gliadin.) In contrast to
healthy subjects, gluten challenge induced IFNg
ELISpot responses to 22 of the 83 tTG-treated pools
including peptides from a-, g - and w- gliadins (see
Figure 31, and Table 17). Bioactivity of pools was
highly consistent between subjects (see Table 18).
IFNg ELISpot responses elicited by peptide pools were
almost always increased by deamidation (see Table 17).
But enhancement of bioactivity of pools by deamidation
was not as marked as for P04722 77-73 Q85, even for
pools including homologues of A-gliadin 57-73. This
suggests that Pepset peptides were partially
deamidated during synthesis or in preparation, for
example the Pepset peptides are delivered as salts of
trifluoracetic acid (TFA) after lyophilisation from a
TFA solution. One hundred and seventy individual
tTG-deamidated peptides from 2 1 of the most bioactive
pools were separately assessed. Seventy-two deamidated
peptides were greater than 10% as bioactive as P04722
77-93 QE85 at an equivalent concentration (20 mg/ml)
(see Table 19). The five most potent peptides (85-94%
bioactivity of P04722 QE85) were previously identified
a-gliadin homologues Agliadin 57-73. Fifty of the
bioactive peptides were not homologues of A-gliadin
57- 73, but could be divided into six families of
structurally related sequences (see Table 20). The
most bioactive sequence of each of the peptide
families were: POOPOOP OOPFPQPOOPFPW (SEQ ID NO:31)
(peptide 626, median 72% bioactivity of P04722 QE85),
OQPOOPFPOPOOPOLPFPO O (SEQ IDNO:32) (343, 34%),
OAFPOPQOTFPHOPOO OFPO (SEQ ID NO:33) (355, 27%), TOOP
QOPFPOOPOQPFP OTO (SEQ ID NO:34) (396, 23%),
PIOPOOPFPQOP OOPOOPFP (SEQ ID NO:35) (625, 22%),
POOSFS YOOOPFPOOPYP OO (SEQ ID NO:36) (618, 18%) (core
sequences are underlined). All of these sequences
include glutamine residues predicted to be susceptible
to deamidation by transglutaminase (e.g. QXP, QXPF
(SEQ ID NO:37), QXX[FY] (SEQ ID NO:38)) (see Vader et
al 2002). Some bioactive peptides contain two core
sequences from different families.Consistent with the
possibility that different T-cell populations respond
to peptides with distinct core sequences, bioactivity
of peptides from different families appear to be
additive. For example, median bioactivity
oftTG-treated Pool 8 1 was 141% of P04722 QE85, while
bioactivity of individual peptides was in rank order:
Peptide 63 1 (homologue ofA-gliadin 57-73) 61%, 636
(homologue of 626) 51%, and 635 19%, 629 16%, and 634
13% (all homologies of 396). Although likely to be an
oversimplification, the contribution of each "peptide 



family" to the summed IFNg ELISpot response to gliadin
peptides was compared in the HLA-DQ2+ coeliac subjects
(see Figure 32). Accordingly, the contribution of
P04722 77-73 E85 to the summed response to gliadin
peptides is between 1/5 and 2/3. Using the peptide
homology search programme, WWW PepPepSearch, which can
be accessed through the world wide web of the internet
at, for example,
"cbrg.inf.ethz.ch/subsection3_l_5.html.", and by
direct comparison with Genbank sequences for rye
secalins, exact matches were found for the core
sequences QQPFPQPQQPFP (SEQ ID NO:39) in barley
hordeins (H0R8) and rye secalins (A23277, CAA26449,
AAG35598), QQPFPQQPQQPFP (SEQ IDNO:40) in barley
hordeins (HOGl and H0R8), and for PIQPQQPFPQQP (SEQ ID
NO:41) also in barley hordeins (H0R8).
HLA-DQ8-associated coeliac disease Seven HLA-DQ8+
coeliac subjects were studied before and after gluten
challenge. Five of these HLA-DQ8+ (HLA-DQA0*O301-3,
HLA-DQB0*0302) subjects also carried one or both of
the coeliac disease-associated HLA-DQ2 complex
(DQA0*05, DQB0*02). Two of the three subjects with
both coeliacassociated HLA-DQ complexes had potent
responses to gliadin peptide pools (and individual
peptides including P04722 77-93 E85) that were
qualitatively and quantitatively identical to HLA-DQ2
coeliac subjects (see Figures 33 and 34, and Table
18). Deamidated peptide pool 74 was bioactive in both
HLA-DQ2/8 subjects, but only in one of the 6 HLA-DQ2/X
subjects. Pretreatment of pool 74 with tTG enhances
bioactivity between 3.8 and 22-times, and bioactivity
of tTG-treated pool 74 in the three responders is
equivalent to between 78% and 350% the bioactivity
ofP04722 77-93 E85. Currently, it is not known which
peptides are bioactive in Pool 74 in subject C02, C07,
and C08. Two of the four HLA-DQ8 coeliac subjects that
lacked both or one of the HLA-DQ2 alleles associated
with coeliac disease showed very weak IFNg ELISpot
responses to gliadin peptide pools, but the other two
did respond to both proteasedigested gliadin and
specific peptide pools. Subject C12 (HLA-DQ7/8)
responded vigorously to deamidated Pools 1-3 (see
Figure 35). Assessment of individual peptides in these
pools identified a series of closely related bioactive
peptides including the core sequence LQPQNPSQQQPQ (SEQ
ID NO:42) (see Table 20). Previous work (by us) has
demonstrated that three glutamine residues in this
sequence are susceptible to tTG-mediated deamidation
(underlined). Homology searches using WWW PepPepSearch
have identified close matches to LQPQNPSQQQPQ (SEQ ID
NO:43) only in wheat a-gliadins. The fourth HLA-DQ8
subject (C1 1) had inducible IFNg ELISpot responses to
tTG-treated Pool 33 (see Figure 36). Pools 32 and 33
include polymorphisms of a previously defined HLA-DQ8
restricted gliadin epitope (QQYPSGQGSFQPSQQNPQ (SEQ ID
NO:44)) active after deamidation by tTG (underlined
GIn are deamidated and convey bioactivity) (van der
WaI et al 1998). Currently, it is not known which
peptides are bioactive in Pool 33 in subject CIl.
Comprehensive T cell epitope mapping in
HLA-DQ2-associated coeliac disease using in vivo
gluten challenge and a set of 652 peptides spanning
all known 12 amino acid sequences in wheat gliadin has
thus identified at least 72 peptides at 10% as
bioactive as the known a-gliadin epitope, A-gliadin
57-73 E65. However, these bioactive peptides can be
reduced to a set of perhaps as few as 5 distinct but
closely related families of peptides. Almost all these
peptides are rich in proline, glutamine,
phenylalanine, and/or tyrosine and include the
sequence PQ(QL)P(FY)P (SEQ ID NO:45). This sequence
facilitates deamidation of Q in position 2 by tTG. By
analogy with deamidation of A-gliadin 57-68
(Arentz-Hansen 2000), the enhanced bioactivity of
these peptides generally found with deamidation by tTG
may be due to increased affinity of binding for
HLA-DQ2. Cross-reactivity amongst T cells in vivo
recognizing more than one of these bioactive gliadin
peptides is possible. However, if each set of related
peptides doesactivate a distinct T cell population in
vivo, the epitope corresponding to A-gliadin 57-73 E65
is the most potent and is generally recognized by at
least 40% of the peripheral blood T cells that secrete
IFNg in response to gliadin after gluten challenge. No
gliadin-peptide specific responses were found in
HLA-DQ2/8 coeliac disease that differed qualitatively
from those in HLA-DQ2/X-associated coeliac 



disease. However, peripheral blood T cells in HLA-DQ8+
coeliac subjects without both HLA-DQ2 alleles did not
recognize A-gliadin 57-73 E65 homologues. Two
different epitopes were dominant in two HLA-DQ8+
coeliacs. The dominant epitope in one of these
HLA-DQ8+ individuals has not been identified
previously (LQPQNPSQQQPQ (SEQ ID NO:46)). Given the
teaching herein, design of an immunotherapy for
coeliac disease utilizing all the commonly recognised
T cell epitopes is practical and may include fewer
than six distinct peptides. Epitopes in wheat g- and
w-gliadins are also present in barley hordeins and rye
secalins. Example 14 Several ELISpot assays were
performed as previously described and yielded the
following results and/or conclusions: Examination of
multiple a-gliadin polymorphisms with PQLPY Potent
agonists of A-gliadin 57-73QE (GOl) include
QLQPFPQPELPYPQPQS (GOl), PQL-Y P (GlO), and PQPQPFL-
(G12). Less potent include L P (G04), R_ p (G05), and
S P (G06). Less potent yet include L S P (G07), S S P
(G08), S- S P (G09), and PQPQPFP (G13). Dashes
indicate identity with the GOl sequence in the
particular position. Gluten challenge induces
A-gliadin 57-73 QE65 T cells only after two weelcs of
gluten-free diet in newly diagnosed coeliac disease
Additional analyses indicated that tTG-deamidated
gliadin responses change after two weeks of
gluten-free diet in newly diagnosed coeliac disease.
Otheranalyses indicated that deamidated
gliadin-specific T cells are CD4+c 4b7 + HLA-DQ2
restricted. Optimal epitope (clones versus gluten
challenge) A "dominant" epitope is defined by glFN
ELISpot after gluten challenge. QLQPFPQPELPYPQPQS
(100% ELISpot response). Epitopes defined by
intestinal T cell clones: QLQPFPQPELPY (27%),
PQPELPYPQPELPY (52%), and QQLPQPEQPQQSFPEQERPF (9%).
Dominance among individual peptide responses Dominance
depends on wheat or rye. For wheat, dominant peptides
include peptide numbers 89, 90 and 9 1 (referring to
sequence numbers in Table 23). For rye, dominant
peptides include peptide numbers 368, 369, 370, 371,
and 372 (referring to sequence numbers in Table 23).
Some peptides, including 635 and 636 (referring to
sequence numbers in Table 23) showed activity in both
rye and wheat. In vivo gluten challenge allows T cell
epitope hierarchy to be definedfor coeliac disease The
epitope hierarchy is consistent among HLA-DQ2 coeliacs
but different for HLA-DQ8+ coeliacs. The hierarchy
depends on what cereal is consumed. Deamidation
generates almost all gliadin epitopes. HLA-DQ2, DQ8,
and DR4 present deamidated peptides.
HLA-DQ2/8-associated coeliac disease preferentially
present DQ2-associated gliadin epitopes. Gliadin
epitopes are sufficiently restricted to justify
development of epitope-based therapeutics. Other
analyses indicated the following: HLA-DR3-DQ2 (85-95%)
and HLADR4- DQ8 (5-15%). Other analyses indicated the
following: HLA-DQ HLA-DQAl HLA-DQBl Duodenal Gluten
EMA on allele allele histology free gluten (on GFD)COl
2,6 102/6, 501 201, 602 SVA l yr +(-) C02 2,2 501 201
SVA l yr +(-) C03 2,5 101/4/5, 501 201, 501 PVA l yr
+( ) C04 2,5 101/4/5, 501 201, 501 SVA 7 yr +(-) C05
2,2 201, 501 201, 202 SVA 4 mo +(ND) C06 2,2 201, 501
201, 202 SVA 2 yr +(-) C07 2,8 301-3, 501 201, 302 SVA
l yr +(-) C08 301-3/501 201,302/8 SVA l l yr ' ND (-)
C09 2,8 301-3/ 501 201, 302 SVA 29 yr +(-) cio 2,8
201, 301-3 202, 302 IEL l yr +(-) 



CIl 6,8 102/6, 301-3 602/15, 302/8 IEL 9 mo - (ND) C12
8,7 301-3, 505 302, 301/9-10 SVA 2 yr - (-) C13 8,8
301 302 SVA l yr + (+) - Another analysis was carried
out to determine the bioactivity of individual
tTGdeamidated peptides in pools 1-3 in subject C12.
The results are as follows (sequence numbers refer to
the peptides listed in Table 23): Sequence 8 (100%),
Sequence 5 (85%), Sequence 6 (82%), Sequence 3 (77%),
Sequence 1 (67%), Sequence 2 (59%), Sequence 9 (49%),
Sequence 7 (49%), Sequence 10 (33%), Sequence 4 (15%),
Sequence 12 (8%), Sequence 11 (0%), Sequence 23 (26%),
Sequence 14 (18%), Sequence 15 (18%), Sequence 17
(18%), Sequence 16 (13%), Sequence 14 (8%), Sequence
22 (5%), Sequence 18 (3%), Sequence 19 (3%), Sequence
20 (0%), Sequence 2 1 (0%). The predicted deamidated
sequence is LQPENPSQEQPE. Individual ELISpot responses
by PBMC (Spotforming cells determined by ELISpot
Reader) Peptide (see Table 23) - COl C02 C03 C04 C05
65 16 2 1 2 3 66 32 6 13 0 6 61 16 3 4 0 4 68 25 8 4 2
269 4 0 0 0 0 70 2 1 0 0 0 7 1 1 1 0 0 1 72 0 0 0 0 0
73 95 2 1 42 3 1 3 1 74 122 15 29 2 1 28 75 5 1 2 2 5
76 108 13 28 16 22 77 3 - 0 1 0 1 78 2 1 2 3 5 3 79 20
0 2 0 2 80 5 2 0 0 3 8 1 4 1 2 3 1 82 3 3 5 2 2 83 14
2 0 0 1 84 3 0 0 0 0 85 14 1 2 1 2 86 1 1 0 2 0 2
Cross-reactivity To deal with data from 652 peptides
in 29 subjects, or to determine when a particular
response is a true positive peptide-specific T-cell
response, or to determine when a response to a peptide
is due to cross-reactivity with another structurally
related peptide, expression of a particular peptide
response can be as a percentage of a "dominant"
peptide response. Alternately, the expression can be a
"relatedness" as correlation coefficients between
peptide responses, or via bioinformatics. Additional
epitopes A representative result is as follows:
Combination of peptides with P04722E (all 20mcg/ml)
(n=4) Alone P04722E+Pep 626 60 135 P04722E 100 110
HLAa 0 85 (expressed as percent P04722E) 626+tT:
PQQPQQPQQPFPQPQQPFPW P04724E: QLQPFPQPELPYPQPQL
TTG-deamidation of peptide 626 (n=12) No tTG 100% TTG
= 170% Substitution atparticularpositions Substitution
of Peptide 626 PQQP[Ql]QP[Q2]QPFPQP[Q3]QPFPVW[n=12)
GIu Arg 



Ql 95 90 Q2 145 80 Q3 155 10 (expressed as percent
wild-type peptide) Bioactivity of tTG-treated 15mers
spanning Peptide 626/627 (PQQPQQPQQPFPQPQQPFPWQP)
(n=8) Pl-15 5 P2-16 4 P3-17 3 P4-18 38 P5-19 65 P6-20
95 P7-21 65 P8-22 90 (expressed as percent of maximal
15mer response)Multiple epitopes: P04724E:
QLQPFPQPQLPYPQPQL 626+tTG: PQQPQQPQQPFPQPQQPFPW
Minimal epitope: QPQQPFPQPQQPFPW Immunomagnetic
depletion of PBMC by beads coated with anti-CD4 and by
anti-integrin b depleted IFNg ELISpot responses, while
immunomagnetic depletion of PBMC by beads coated with
anti-CD8 or anti-alphaE integrin. Thus, the PBMC
secreting IFNg are CD4+ and , associated with homing
to the lamina propria in the gut. Blocked by anti-DQ
antibody but not by anti-DR antibody in heterozygotes
. and homozygotes for HLA-DQ2. This may imply multiple
epitopes within one sequence. T cell epitopes in
coeliac disease Other investigators have characterized
certain intestinal T cell clone epitopes. See, e.g.,
Vader et al., Gastroenterology 2002, 122:1729-37;
Arentz-Hansen et al., Gastroenterology 2002,
123:803-809. These are examples of epitopes whose
relevance is at best unclear because of the in vitro
techniques used to clone T cells. Intestinal versus
peripheral blood clones Intestinal: 1) intestinal
biopsies, 2) T cell clones raised against
peptic-tryptic digest of gluten, 3) all HLA-DQ2
restricted, 4) clones respond to gliadin deamidatedby
transglutaminase. Peripheral blood: 1) T cell clones
raised against gluten are HLA-DR, DQ and DP
restricted. Result: Intestinal T cell clones can be
exclusively used to map coeliac disease associated
epitopes GDA_9Wheat 307 aa Definition
Alpha/Beta-Gliadin MMl Precursor (Prolamin) Accession
Pl'8573 Genbank (which is incorporated herein by
reference in its entirety) Intestinal T cell clone
epitopesA definition of intestinal T cell clone
epitopes can be found in, for example, Arentz-Hansen
et al., J Exp Med. 2000, 191:603-12. Also disclosed
therein are gliadin epitopes for intestinal T cell
clones. Deamidated QLQPFPQPQLPY is an epitope, with a
deamidated sequence of QLQPFPQPELPY. There is
anHLA-DQ2 restriction. A homology search shows other
bioactive rAlpha-gliadins include PQPQLPY singly or
duplicated. A majority of T cell clones respond to
either/or DQ2-aI : QLQPFPQPELPY DQ2-aII:
PQPELPYPQPELPY Dominant gliadin T cell epitopes- All
deamidated by transglutaminase. Peripheral blood day 6
after gluten challenge: A-gliadin 57-73:
QLQPFPQPELPYPQPQS Intestinal T cell clones: DQ2-aI :
QLQPFPQPELPY DQ2-aII: PQPELPYPQPELPY Intestinal T-cell
Clone Epitope Mapping a-Gliadms Al PFPQPQLPY A2
PQPQLPYPQ A3 PYPQPQLPY Glia-20 PQQPYPQPQPQ r-Gliadins
Gl PQQSFPQQQ G2 PPQQPAQ 



G3 FPQQPQQPYPQQP GA FSQPQQQFPQPQ G5
LQPQQPFPQQPQQPYPQQPQ Glu-21 QSEQSQQPFPQQF Glu-5
Q(IL)PQQPQQF Glutenin GIt-1 56 PFSQQQQSPF GIt- 17
PFSQQQQQGluten exposure and induction of
IFNy-secreting A-Gliadin 57-73QE65-specific T cells in
peripheral blood Untreated coeliac disease, followed
by gluten free diet for L, 2, or 8 weeks, followed by
gluten exposure (3 days bread 200g/day), followed by
gluten free diet . Result 1: Duration of gluten free
diet and IFNg ELISpot responses on day 0 and day 6 of
gluten challenge: A-gliadin 57-73 QE65 (results
expressed as IFNg specific spots/million PPBMC) Day 0
: none (5), 1 week (1), 2 weeks (2), 8 weeks (1) Day 6
: none (0), 1 week (4), 2 weeks (28), 8 weeks (48)
Result 2 : Duration of gluten free diet and IFNg
ELISpot responses on day 0 and day 6 of gluten
challenge: tTG-gliadin (results expressed as IFNg
specific spots/million PPBMC) Day 0 : none (45), 1
week (62), 2 weeks (5), 8 weeks (5) Day 6: none (0), 1
week (67), 2 weeks (40), 8 weeks (60) Result 3:
Duration of gluten free diet and IFNg ELISpot
responses on day 0 and day .6 of gluten challenge:
A-gliadin 57-73 P65 (results expressed as IFNg
specific spots/million PPBMC) Day 0: none (1), 1 week
(2), 2 weeks (1), 8 weeks (1) Day 6: none (0), 1 week
(0), 2 weeks (0), 8 weeks (0) Result 4: Duration of
gluten free diet and IFNg ELISpot responses on day 0
and day 6 of gluten challenge: PPD (results expressed
as IFNg specific spots/million PPBMC) Day 0 : none
(90), 1 week (88), 2 weeks (210), 8 weeks (150) . Day
6 : none (0), 1 week (100), 2 weeks (210), 8 weeks
(100) Result 5: Duration. of gluten free diet and IFNg
ELISpot responses on day 0 and day 6 of gluten
challenge: tTG (results expressed as IFNg specific
spots/million PPBMC) Day 0 : none (5), 1 week (4), 2
weeks (3), 8 weeks (2) Day 6 : none (0), 1 week (4), 2
weeks (1), 8 weeks (2) Gluten challenge in HLA-DQ2
coeliac disease on long term glutenCharacterization of
anti-gliadin T cell response was carried out in
peripheral blood on day 6-8 after 3-day gluten
challenge. Result 1: PBMC Day 6 Long-term gluten free
diet (preincubation with anti-HLA-DR and -DQ antibody)
(expressed as % inhibition) DR-: tTG-gliadin 100
mcg/ml (105), A-gliadin 57-73 QE65 50 mcg/ml (90), PPD
5 mcg/ml (30) DQ-: tTG-gliadin 100 mcg/ml (5),
A-gliadin 57-73 QE65 50 mcg/ml (22), PPD 5 mcg/ml
(78). Result 2 : PBMC Day 6 Long-term gluten free diet
(expressed as % CD8- depleted PBMC response) B7
depletion: tTG-gliadin n=6 (7), A-gliadin 57-73 n=9
(6), PPD n=8 (62) AE depletion: tTG-gliadin n=6 (120),
A-gliadin 57-73 n=9 (80), PPD n=8 (110). CD4
depletion: tTG-gliadin n=6 (10), A-gliadin 57-73 n=9
(9), PPD n=8 (10). Therapeutic peptides include, but
are not limited to QLQPFPQPQLPYPQPQS (AGOl)
QLQPFPQPQLPYPQPQP (AG02) QLQPFPQPQLPYPQPQL (AG03)
QLQPFPQPQLPYLQPQP (AG04) QLQPFPRPQLPYPQPQP (AG05)
QLQPFPQPQLPYSQPQP (AG06) QLQPFLQPQLPYSQPQP (AG07)
QLQPFSQPQLPYSQPQP (AG08) QLQPFPQPQLSYSQPQP (AG09) 



PQLPYPQPQLPYPQPQP (AGIO) PQLPYPQPQLPYPQPQL (AGIl)
PQPQPFLPQLPYPQPQS (AG12) PQPQPFPPQLPYPQPQS (AG13)
PQPQPFPPQLPYPQYQP (AG14) PQPQPFPPQLPYPQPPP
(AGO15)Briefly after oral antigen challenge,
specificities of peripheral blood T cells reflect
those of intestinal T cell clones. In peripheral
blood, epitopes of intestinal T cell clones are
sub-optimal compared to A-gliadin 57-73 QE65, which is
an optimal a- gliadin epitope. Example 15 ELISpot
assays were also carried out for mapping purposes as
follows. Fine-mapping the dominant DQ-8 associated
epitope Sequence / sfc tTG-treated sequence / sfc
VPQLQPQNPSQQQPQEQV / 76 RWPVPQLQPQNPSQQ / 60
WPVPQLQPQNPSQQQ / 90 VPQLQPENPSQQQPQEQV /3
PVPQLQPQNPSQQQP / 130 VPQLQPRNPSQQQPQEQV /76
VPQLQPQNPSQQQPQ / 140 PQLQPQNPSQQQPQE / 59
VPQLQPQNPSQEQPQEQV /100 QLQPQNPSQQQPQEQ / 95
VPQLQPQNPSQRQPQEQV /1 LQPQNPSQQQPQEQV / 30
QPQNPSQQQPQEQVP / 4 VPQLQPQNPSQQQPEEQV / 7 1
VPQLQPQNPSQQQPREQV / 27 DQ8 Gliadin Epitope GDA09 202Q
/ 6 VPQLQPQNPSQEQPEEQV /81 GDA09 202E /83
VPQLQPENPSQQQPEEQV /2 GDA09 202Q+tTG /17
VPQLQPENPSQEQPQEQV /6 B I+tTG/0 VPQLQPENPSQEQPEEQV /5
B I/0 Fine-mapping dominant epitope (2) Pool 33
(deamidated) / sfc A2b3 301 qqyp sgqg ffqp sqqn pqaq /
2 A2b5 301 qqyp sgqg ffqp fqqn pqaq / 1 A3al 301 qqyp
sgqg ffqp sqqn pqaq / 0 A3bl 301 qqyp ssqv sfqp sqln
pqaq / 0A3b2 301 qqyp ssqg sfqp sqqn pqaq / 2 A4a 301
eqyp sgqv sfqs sqqn pqaq / 28 Albl 309 sfrp sqqn plaq
gsvq pqql / 2 Alal 309 sfrp sqqn pqaq gsvq pqql / 2
Example 16 Bioactivity ofgliadin epitopes in
IFNy-ELISpot (25 mcg/ml, n=6) (expressed as %Agliadin
57-73 QE65 response) DQ2-AII: wild type (WT) (4), WT +
tTG (52), Glu-substituted (52) DQ2-AI: wild type (WT)
(2), WT + tTG (22), Glu-substituted (28) GDA09: wild
type (WT) (1), WT + tTG (7), Glu-substituted (8)
A-G31-49: wild type (WT) (2), WT + tTG (3),
Glu-substituted (0) Dose response ofA-Gliadin 57-73
QE65 (GOlE) (n=8) (expressed as %G01E maximal
response) 0.025 mcg/ml (1), 0.05 mcg/ml (8), 0.1
mcg/ml (10), 0.25 mcg/ml (22), 0.5 mcg/ml (38), 1
mcg/ml (43), 2.5 mcg/ml (52), 5 mcg/ml (70), 10 mcg/ml
(81), 25 mcg/ml (95), 50 mcg/ml (90), 100 mcg/ml (85).
IFNg ELISpot response to gliadin epitopes alone or
mixed with A-gliadin 57-75 (GOlE) (all 50 mcg/ml,
tTG-gliadin 100 mcg/ml, PPD 5 mcg/ml; n=9) (expressed
as % GOlE response) Alone: DQ2-A1 (20), DQ2-A2 (55),
Omega Gl (50), tTG Gliadin (80), PPD (220), DQ2 binder
(0) G01E+: DQ2-A1 (90), DQ2-A2 (95), Omega Gl (100),
tTG Gliadin (120), PPD (280), DQ2 binder (80) Effect
of alanine and lysine substitution of A-gliadin 57-73
QE65 on IFNy ELISpot responses in individual coeliac
subjects (h - 8) Epitope sequence: QLQPFPQPELPYPQPQS
Alanine substitution at positions 57-59 and 72-73
showed little to no 



decrease in % A-gliadin 57-73 QE65 response. Alanine
substitution at positions 60- 62 and 68-71 showed
moderate decrease in % A-gliadin 57-73 QE65
response.Alanine substitution at positions 63-67
showed most decrease in % A-gliadin 57-73 QE65
response. Effect of lysine substitution of A-gliadin
57-73 QE65 on IFNg ELISpot responses in individual
coeliac subjects (n=8); Epitope sequence:
QLQPFPQPELPYPQPQS Lysine substitution at positions
57-59 and 71-73 showed little to no decrease in %
A-gliadin 57-73 QE65 response. Lysine substitution at
positions 60-61 and 69- 70 showed moderate decrease in
% A-gliadin 57-73 QE65 response. Lysine substitution
at positions 62-68 showed most decrease in % A-gliadin
57-73 QE65 response. Example 17 Table 24 shows the
results of analyses examining the 652 peptides with
several patients challenged with wheat or rye.
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entirety.DISPENSINGDEVICE The present invention
relates to a dispensing device, in particular for
dispensing individual doses of powder from respective
pockets of a carrier. Awide variety of devices are
known for dispensing doses of medicament in the form
of powder for inhalation. Devices are known which
contain a store of powdered medicament from which
individual doses are metered as required. Devices are
also known which include carriers having a plurality
.of pockets containing respective doses of powder.
These carriers are typically in the form of
blister-packs. All of these devices face problems of
providing reliable, repeatable and accurate inhaled
amounts of powder. There are problems in ensuring that
all of a dispensed dose of powder is entrained into
the airstream for inhalation. Furthermore, some ofthe
powder which is 



originally provided for inhalation may adhere to
surfaces within the device. This will reduce the
inhaled dose. However, more importantly, after a
number of uses, previously adhered powder may become
dislodged, thereby resulting in an unwanted and
undesirable increase in the inhaled dose. There are
other problems in providing repeatable and consistent
release of powder into the inhalation airstream as
desired. In attempting to reduce these problems,
previous devices suffer problems of increased size,
complexity and/or cost. US 4,81 1,731 describes an
inhaler having a support for a blister pack having an
annular array of blisters. The support faces a tray
having upstanding walls defining a flow path to a
mouthpiece. In use, the support and blister pack is
consecutively indexed such that powder from respective
blisters is dispensed via the flow path defined by the
tray and upstanding walls. Because the same tray and
upstanding walls are used for all of the blisters,
there is the problem that powder can become adhered to
the tray and upstanding walls and then dislodged
subsequently.It is an object of the present invention
to overcome or at least reduce these problems.
According to the present invention, there is provided
a device for dispensing individual doses of powder
from respective pockets of a carrier, the device
including a support for a carrier having a plurality
of pockets containing respective doses of powder and a
mouthpiece through which to inhale an airstream
carrying a dose of powder, the device further
including walls for defining individual respective
first flow paths downstream of each respective pocket
of a supported carrier wherein each individual
respective first flow path is defined entirely by
respective walls unique to that individual respective
first flow path, is for connecting the corresponding
respective pocket to the mouthpiece and is for
deaggregating powder in the airstream. In this way,
each pocket of powder is provided with its own first
flow path such that any powder which does adhere to
the walls of that first flow path will not affect
subsequent dispensing inhalations through the device.
There are no walls in common between respective first
flow paths such that powder adhering to walls of a
first flow path will not affect subsequent doses. In
particular, subsequent inhalations will draw
airstreams through the first flow paths of the
respective pockets being dispensed such that, even if
previously adhered powder is dislodged in the first
flow paths of previously dispensed pockets, this
powder will not be part of the inhalation airstream
and, hence, will not be inhaled by the user. According
to the present invention, there is also provided a
device for dispensing individual doses of powder from
respective pockets of a carrier, the device including:
a support for a carrier having a plurality of pockets
containing respective doses of powder; and a
mouthpiece through which to inhale an airstream
carrying a dose of powder; the device further
including: walls for defining individual respective
first flow paths downstream of each respective pocket
of a supported carrier for connecting the
corresponding respective pockets to the mouthpiece and
deaggregating powder in the airstream; an arrangement
for moving individually eachpocket from a respective
storage position to a respective discharge position,
wherein each pocket, in the respective discharge
position, forms an integral part of the individual
respective first flow path. Preferably, the device is
for use with a carrier having pockets provided with a
lidding sheet, the device allowing the lidding sheet
to be ruptured as a consequence of moving a pocket
from a respective storage position to a respective
discharge position. Preferably, the device further
includes walls defining a second flow path connecting
with the mouthpiece and bypassing the pockets. This
allows an increase in flow volume through the device
and a reduction in the resistance to flow, such that a
user may more easily inhale through the device. This
is most important where the size of the pockets is not
sufficient to allow the flow volume to reach that
necessary to carry medicament into the lung.
Furthermore, it also becomes possible to entrain
powder in the airstream over a small, but sustained,
period of time, rather than substantially all at once.
The powder may be entrained during a mid-portion of
inhalation, thereby improving the transfer of powder
to the user. The device should preferably provide
similar performance over flow rates ranging from
28.31/min to 601/minand should preferably have a
pressure drop not exceeding 4kPa at 601/min.
Preferably, with the device configured to dispense a
dose of powder from one of the pockets of the
supported carrier, the respective flow path connects
with the second flow path downstream of the bypass and
at an angle such that substantially no 



powder impacts with the walls defining the second flow
path. Some impact could be allowed, but then
preferably substantially no deposition occurs. Some
powder could be allowed to be deposited on the walls
defining the second flow path, but thenpreferably,
with repeated use of the device and the second flow
path, no more than 25% or preferably no more than 15%
of a dose remains deposited on the walls defining the
second flow path. It will be appreciated that the
airstream through the second flow path also acts to
scour or scavenge powder deposited on the walls
defining the second flow path. In other words, it is
thus possible for a part of the second flow path to be
used consecutively for all of the pockets of the
carrier. However, since the respective first flow
paths provide the required deaggregation, the second
flow path can be arranged to provide a minimum amount
of turbulence and to avoid substantially any powder
adhering to its walls. By providing an appropriate
angle at which the first flow paths meet the second
flow path, powder can substantially be prevented from
impacting the walls of the second.flow path when it
joins the second flow path from the respective first
flow path. Preferably, where the respective first flow
path connects with the second flow path, the angle is
less than 45 degrees, more preferably less than 30
degrees. This ensures that substantially no powder
adheres to the walls defining the second flow path.
Preferably, the support for the carrier and the walls
defining the first flow path are moveable with a
supported carrier so as to selectively connect
respective first flow paths with the second flow path
and, hence, selectively dispense doses of powder from
respective pockets of the supported carrier. In this
way, the device can be provided with a single
mouthpiece and dispensing mechanism so as to minimise
cost and complexity and yet still provide each pocket
of the carrier with its own respective first flow path
in which deaggregation and any adherence of powder
occurs.In a preferred embodiment, the carriers are
disc-shaped with a circumferential array of pockets.
In this embodiment, the pockets and their respective
first flow paths are indexed by rotation relative to
the second flow path and mouthpiece so as to dispense
consecutively doses of powder for inhalation through
the mouthpiece. Preferably, the walls defining the
first flow paths include, upstream of the pockets,
respective portions of relatively reduced
cross-sectional area orientated so as to be directed
towards respective pockets and direct a relatively
high velocity airstream into the respective pockets.
Indeed,. according to the present invention, there is
also provided a device for dispensing a dose of powder
from a pocket of a carrier, the device including a
support for a carrier having a pocket containing a
dose of powder and a mouthpiece through which to
inhale an airstream carrying a dose of powder, the
device further including walls defining first and
second flow paths connecting with the mouthpiece, the
first flow path connecting the pocket of the supported
carrier to the mouthpiece and the second flow path
bypassing the pocket, wherein the walls defining the
first flow path include, upstream of the pocket, a
portion of relatively reduced crosssectional area
orientated so as to be directed towards the pocket and
direct a relatively high velocity airstream into the
pocket. In this way, the high velocity airstream can
erode the powder in the pocket so as to progressively
entrain it into the airstream, rather than merely
attempt to flush the powder from the pocket. This
results in the powder being entrained into the
airstream over a sustained period of time. The time is
preferably within the range of 0.01s to 1.0s and more
preferably in the range of 0.2s to 0.5s. This provides
improved inhalation characteristics. Furthermore, by
virtue of the second flow path in conjunction with the
first flow path, resistance to airflow can be reduced
and volume of airflow increased. The portions of
relatively reduced cross-sectional area produce a
small high velocitystream suitable for eroding the
powder. By providing these in conjunction with the
second flow path, the user is still able to inhale
relatively easily through the device, despite the
restriction of the respective reduced cross-sectional
area portions. As will be appreciated, this
arrangement has similar advantages when used with a
carrier having only a single pocket and, hence, only a
single first flow path. Preferably, each portion has a
cross-sectional area between 50% and 66% of the
cross-sectional area of the smallest part of the
second flow path. Indeed, preferably, the
cross-sectional areas of the non-reduced cross-section
parts of each flow path are 



provided between 110% and 150% of the minimum values
in their own path order to maintain the high air
velocities required to keep the powder entrained
without contributing significantly to pressure drop.
This allows a suitably high velocity airstream to be
directed into a pocket without unduly increasing the
overall resistance to inhalation and allowing a
sufficiently high overall volume of airflow. In the
preferred embodiment, there is another second flow
path for the other side of the device and its
corresponding carrier. In use, a patient inhales
through both second flow paths whilst drawing powder
from the first flow path in use. Each of the second
flow paths is expected to carry approximately 40% of
the total inhaled air for an average use. Actual
requirements will vary depending upon the nature of
the powder and the intended user. For an easily
dispensed powder, the portion forming the inlet to the
pocket can be small and, for a child or patient with
COPD (Chronic Obstructive Pulmonary Disease), the
total pressure drop should be low. In this case, an
inlet portion could be provided with a cross-sectional
area of 2 mm2 and a bypass second flow path with a
minimum cross-sectional area of 8 mm2, resulting in a
ratio of 25%. On the other hand, with sticky powder
for a healthy adult, the inlet portion could
beprovided with a cross-sectional area of 4 mm2
together with a bypass second flow path having a
minimum cross-sectional area of 6 mm2, resulting in a
ratio of 66%. Of course, intermediate values are also
possible and a preferred arrangement has an inlet
portion of approximately 3 mm2 with a second flow path
minimum crosssectional area of 6 mm2, resulting in a
ratio of 50%. Referring to Figure 21(a) of the
accompanying drawings, it will be noted that it is
important for the cross sectional areas A1, A2 and A3
to be between 120% and 200% of the smallest cross
sectional area B for the bypass flow. Similarly the
cross sectional areas C1, C2 and C3 should be between
120% and 200% of the smallest cross-sectional area of
the portions D for the flow path through a pocket. The
combined flow path cross sectional area E should then
be greater than A3 plus C3 such that air velocity in
the pocket is not reduced. For this arrangement, the
pressures at A3, C3 and E can all be the same and
equal to or less than that in the mouth of the
patient. The whole pressure drop due to inhalation
then occurs across both B and D. For cohesive
formulations, it is advantageous to have the maximum
air velocity through the pocket portion. This may be
achieved by minimizing the pressure at C3 during
inhalation. Ifthe mouthpiece is shaped to cause the
air to expand with laminar flow by the use of a small
divergence angle, typically less than 10 degrees, then
it is possible to cause the pressure at C3 to be below
the pressure in the mouth, thus increasing the air
velocity through the pocket portion. The ratio of B to
D sets the ratio of air flowing through the bypass and
the pocket. The sum of the areas B and D sets the
overall flow resistance and is preferably set to give
3kPa to 4kPa at 60 1/m. For the preferred embodiment,
storing individual doses of powder of approximately
20mg in pockets having volumes of approximately 30mm3,
each portion preferablyhas a cross-sectional area of
between 2.0mm2 and 10.0mm2, more preferably between
2.0 mm2 and 5.0 mm2. The reduced cross-section is
selected to be between 50% and 90% of the area which,
for the normal range of inhalation rates and volumes,
provides a suitable high velocity airstream into the
pocket. Figure 21(b) of the accompanying drawings
illustrates the preferred cross sections for a
particular embodiment. In particular, the minimum
cross sectional area B for the bypass flow is
approximately 5.0mm2, the minimum cross sectional area
D for the pocket flow is approximately 3.8mm2 and the
combined flow path cross sectional area E is
approximately 12.0mm2. According to the present
invention, there is also provided a device for
dispensing individual doses of powder from respective
pockets of a pair of carriers, the device including a
support for two disc-shaped carriers, each disc-shaped
carrier having at least one substantially planar first
side surface having an annular array of cavities in
which respective pockets are formed and a respective
first lidding sheet sealed to the first side surface
for enclosing the cavities wherein the support is for
rotatably supporting the carriers about a
substantially common axis, a mouthpiece through which
to inhale an airstream carrying powder from the
carriers, a dispensing 



mechanism for releasing into the airstream the powder
of a respective pocket of a supported carrier and an
indexing mechanism for rotating the carrier relative
to the dispensing mechanism so as to enable powder to
be released from different pockets. This arrangement
provides an extremely compact and efficient way of
holding and dispensing a plurality of pockets of
powder. A single dispensing mechanism can be provided
for both carriers and the carriers may easily be moved
so as to selectively bring each of their pockets in
line with the dispensing mechanism and an airstream
for carrying powder to the mouthpiece.The arrangement
can be used in conjunction with the features described
above and is particularly effective in this regard.
Preferably, between consecutive dispensing of powder
from one of said carriers, the indexing mechanism is
operable to rotate both of said carriers relative to
the dispensing mechanism. In other words, where powder
is dispensed from a first disc, powder will also be
dispensed from the second disc before more powder is
dispensed from the first disc. Hence, similarly,
preferably, between consecutive dispensing of powder
from the other of said carriers, the indexing
mechanism is operable to rotate both of said carriers
relative to the dispensing mechanism. Preferably, the
dispensing mechanism is operable to release powder
from a pocket of each carrier for a single inhalation
of both respective powders simultaneously. In other
words, powder is dispensed from the pocket of a first
disc and also powder is dispensed from a pocket of a
second disc. The user may then inhale the powder
dispensed from both discs simultaneously. This allows
two different medicaments to be administered
simultaneously without the medicaments coming into
contact until immediately before or indeed during the
inhalation process. Preferably, the mechanism is
operable to dispense medicament from a pocket of each
disc simultaneously. Hence, having rotated the discs
to an appropriate position with an unopened pocket of
each disc available, the mechanism then opens both
pockets together in one operation.Alternatively, the
dispensing mechanism may be operable to release powder
from a pocket of one of the carriers for inhalation
then to release powder from a pocket of the other of
the carriers for inhalation. In this way, a user may
administer two different pharmaceuticals immediately
one after the other or may use the inhalation device
as part of a course of treatment whereby different
medicaments are administered alternately after
predetermined periods of time. By way of example, a
steroid compound could be dispensed from one disk and
a long acting beta-agonist from the other disk for the
treatment of e.g. asthma or chronic obstructive
pulmonary disease: Examples of long acting
betaagonists include formoterol and salmeterol and
examples of steroids include fluticasone propionate,
budesonide and monetasone furoate. Indeed, the
inhalation device could include three or more discs
such that more complicated courses of pharmaceuticals
could be administered. Indeed, the mechanism could be
arranged so as to dispense a predetermined number of
doses from one disc before administering a dose from
the other disc. In certain embodiments, the mechanism
may be operable to release powder from a pocket of one
carrier and from a pocket of the other carrier
consecutively. Such a system could be used when the
powder of the two pockets is inhaled together or
consecutively. A device may be provided with two of
said disc shaped carriers respectively containing
powder of different medicaments. This allows, as
mentioned above, different medicaments to be dispensed
from the same device.Preferably, between consecutive
dispensing of powder, the indexing mechanism is
operable to rotate one of said carriers in turn
between consecutive dispensing positions before
rotating the other of said carriers. In other words,
the indexing mechanism is arranged to move one of the
carriers between consecutive pockets whilst the other
carrier remains where it is. The dispensing mechanism
and the indexing mechanism may together be operable to
dispense powder from all of the pockets from one of
the said carriers before dispensing powder from
pockets of the other of said carriers. This allows the
use of an indexing mechanism which always moves one or
other of the carriers onto its next position. 



According to the present invention, there is also
provided a device for dispensing individual doses of
powder from respective pockets of carrier, the device
including a first support for a first carrier having
first and second side surfaces opposite each other, an
array of cavities in which respective pockets are
formed and a first lidding sheet sealed to the first
side surface, a first prodger member moveable towards
and away from the second side surface of a supported
first carrier between a retracted and an extended
position and a cam member adjacent to and moveable
generally parallel with the second side surface of a
supported carrier between a rest position and a primed
position, wherein the cam member has a first cam
surface for engaging with the first prodger member
such that movement of the cam member from the rest
position to the primed position moves the prodger
member from the retracted position to the extended
position so as to press upon the second side surface
of a supported first carrier and outwardly rupture the
first lidding sheet of the supported first carrier. In
this way, a compact and effective mechanism is
provided for opening individual pockets of a carrier.
The cam member may be provided with a relatively
largeamount of movement, but, since this is generally
parallel to the plane of the carrier, this need not
take up excessive space. At the same time, converting
this large amount of movement to only the small amount
of movement required for the prodger member, the user
is given a large mechanical advantage such that
dispensing of the powder from a pocket is relatively
easy and well controlled. Preferably, the device
further includes a second support for a second carrier
having first and second side surfaces opposite each
other, an array of cavities in which respective
pockets are formed and a first lidding sheet sealed to
the first side surface, the first and second carriers
being supported with respective second side surfaces
facing each other, a second prodger member moveable
towards and away from the second side surface of a
supported second carrier between a retracted and an
extended position, wherein the cam member has a second
cam surface for engaging with the second prodger
member such that movement of the cam member from the
rest position to the primed position moves the prodger
member from the retracted position to the extended
position so as to press upon the second side surface
of a supported second carrier and outwardly rupture
the first lidding sheet of the supported second
carrier. In this way, the same advantages are achieved
for a second carrier. Furthermore, these advantages
are achieved using only a single cam member for
dispensing from both of the two carriers. Hence, the
device is very efficient in its use of space. The
device may be arranged as described above so as to
achieve the same advantages. Thus, preferably, the
device further includes an indexing mechanism for
moving the first and second supports relative to the
first and second prodger members so as to selectively
align pockets of the carrier with respective prodger
members. In this way, the carriers are
efficientlymoved and located with respect to the
dispensing mechanism and the mouthpiece.Preferably,
the indexing mechanism is arranged such that, with one
of the first and second prodger members aligned with a
respective pocket, the other of the first and second
prodger members is aligned between respective pockets,
whereby movement of the cam member from the rest
position to the primed position causes only one of the
first and second prodger members to outwardly rupture
the first lidding sheet of the corresponding one of
the first and second carriers. In this way, although
the cam member is moved in the same way for each use,
the indexing mechanism positions the carriers such
that the pocket of one carrier is dispensed for a
particular use ofthe cam member. Nevertheless, the
same cam member is still able to open pockets from
either of the carriers. Again, this is a highly
efficient use of the mechanism and also of space
within the device. Preferably, the cam member is
moveable in a direction towards and away from the
second side surfaces of the supported first and second
carriers such that, when the other of the first and
second prodger members is aligned between respective
pockets, movement of the cam member from the rest
position to the primed position and the resulting
engagement of the other of the first and second
prodger members with the corresponding cam surface
causes the other of the first and second prodger
members to abut the corresponding second side surface
and the cam member to be moved towards the
corresponding one of the first and second carriers. 



Thus, for each use of the cam member, each cam surface
pushes against a corresponding cam member. However,
since one -prodger member will abut a second side
surface between pockets and, therefore, will not
itself move, the corresponding cam surface would
actually cause the cam member to move away from that
second side surface. In this way, in effect, both cam
surfaces contribute to movement of a prodger member to
open a pocket, such that each cam surface need have
only a relatively small slope.Preferably, the cam
member is provided on a priming member moveable as
part of the indexing mechanism. In this way, it is not
necessary for a user to operate two separate
actuators. Actuating the device to move the cam member
in one direction will prime the device so as to
dispense a dose of powder for inhalation and then the
movement of the cam member back to its rest position
will index at least one of the carriers ready for
another pocket of powder to be dispensed. Preferably,
the indexing mechanism is arranged such that, after
the first and second carriers have been indexed past
all of their respective pockets, the first and second
prodger members are both aligned between pockets of
respective carriers and, hence, provide resistance to
movement of the cam member. This provides a feature of
"lock-out" whereby once all of the pockets of the
carriers have been used and the device is effectively
empty, the user is provided with a physical feedback.
In particular, it becomes difficult for the user to
move the priming lever of the device, since the cam
member is unable to move the prodger members.
Preferably, the cam member includes an elongate
flexible member having first and second cam surfaces
on opposite respective sides. In this way, when it is
required for the cam member or a portion of it to move
from side to side, it is sufficient for only the
elongate flexible member to move. Preferably, the
first cam surface and/or the second cam surface
includes at least one groove into which any stray
powder from previously dispensed pockets may move. In
this way, stray powder will not interfere with the
interface between the cam surfaces and the prodger
members such that operation will not be
impeded.Preferably, the device is for use with
carriers having the cavities formed from respective
through holes between the first and second side
surfaces, having second lidding sheets sealed to the
second side surfaces and having respective cup shaped
inserts in each cavity orientated with open portions
facing the first lidding sheets, wherein the first
prodger member and/or second prodger member is
arranged to penetrate an aligned through hole through
a second lidding sheet so as to push the corresponding
second insert outwardly through the first lidding
sheet. This is a particularly effective way of
dispensing doses of powder and the mechanism for
moving the prodgers is particularly effective in
pushing the inserts as required. Preferably, at least
one of the cam surfaces is resiliently deformable, the
cam member being dimensioned so as to move the prodger
members beyond the extended position such that, once a
prodger member reaches its respective extended
position, further movement of the cam member causes
the at least one of the cam surfaces to resiliently
deform. In this way, the device can itself compensate
for variations in tolerances and it is not necessary
for the cam member to move the prodger members by
exactly the distance required. Preferably, each
support includes a peripheral array of gear teeth and
the indexing mechanism is engageable with the gear
teeth so as selectively to move the supports and
carriers. This provides an advantageous way of moving
and controlling the positions of the carriers.
Preferably, the indexing mechanism includes a priming
member mounted for rotation about a central axis and a
Geneva wheel rotatably mounted on an axis offset from
the central axis for interaction with the priming
member and gear teeth of the supportssuch that
rotation of the priming member from a first position
to a second position causes rotation of at least one
of the supports by a predetermined angle and rotation
of the priming member back from the second position to
the first position causes no rotation of at least one
of the supports. Indeed, according to the present
invention, there is also provided a device for
dispensing individual doses of powder from respective
pockets of a carrier, the device including a chassis,
a first support mounted on the chassis for rotation
about a 



central axis and for supporting a first carrier having
cavities with respective pockets formed therein and
arranged in a circular array centred on the central
axis, the first support including an array of gear
teeth centred on the central axis, a priming member
mounted on the chassis for rotation about the central
axis and an intermittent-motion mechanism mounted on
the chassis for interaction with the priming member
and gear teeth of the first support such that rotation
of the priming member from a first position to a
second position causes rotation of the first support
by a predetermined angle and rotation of the priming
member back from the second position to the first
position causes no rotation of the first support. This
allows a user to move the priming member through a
relatively large and imprecise range of movements
whilst ensuring that the support and carrier is moved
by a predetermined amount. Preferably, the
intermittent-motion mechanism is a Geneva wheel
rotatably mounted on the chassis on an axis offset
from the central axis. The device may further include
a second support mounted on the chassis for rotation
about the central axis and for supporting a second
carrier having cavities with respective pockets formed
therein and arranged in a circular array centred on
the central axis, the second support including an
array of gear teeth centred on the central axis
wherein the Geneva wheel may interact with the gear
teeth of the second support such that rotation of the
priming member from the first position to the
secondposition causes rotation of the second support
by a predetermined angle and rotation of the priming
member back from the second position to the first
position causes no rotation of the second support. In
this way, the priming member may be used to rotate
both the first and second supports and their
associated carriers. Preferably, the respective arrays
of gear teeth of the first and second supports are
incomplete circular arrays leaving respective spaces
such that, with a space positioned between the Geneva
wheel, rotation of the priming member will not rotate
the respective supports. In this way, it is possible
for the priming member to rotate selectively one or
other of the supports. The indexing mechanism may be
actuated by a lever pivoted about the disc axis being
moved through an angle between 30 and 180 and
preferably the indexing movement remains constant
provided that the lever moves through a minimum angle.
The mechanism preferably locates to a radial accuracy
sufficient to ensure that the prodger member
accurately locates on the pocket. Preferably, the
force required to index the motion is between IN and
2ON. Preferably, the indexing mechanism holds the
carriers in place so that they will not move when
subjected to shocks such as experienced when carried
in the pocket or dropped onto a hard surface. It can
be designed to index precisely between whatever number
of pockets are on a disc. The indexing mechanism
preferably causes the selected disc carrier to
increment through a fixed angle to a deferred location
so that the airway of the pocket that will be opened
next is aligned to the airway leading to the
mouthpiece.It is preferable that the priming lever
used for indexing is not rigidly linked to the
position of the disc, as this would cause any small
movement of the lever to disturb the alignment of the
airways. Hence it is preferable that the correct
motion of the disc occurs as the lever moves through
the central part of its travel and that its start and
end positions are not critical to accurate operation.
Although various mechanisms could be used to achieve
this type of motion, the preferred approach is to use
a Geneva mechanism to allow the lost motion aspect of
the indexing. A combination of gears with the Geneva
mechanism can ensure that for every operation of the
priming lever the carrier disc indexes a predetermined
angle. For example, a carrier disc that has 3 1
positions would require an indexing angle of 11.61
degrees. Preferably, the device further includes a
changeover component located between the first and
second supports, the first support having a first
feature engaging with the changeover component and the
second support having a second feature for engaging
with the changeover component, wherein with the space
of the second support adjacent the Geneva wheel,
consecutive rotations of the priming member cause only
the first support to rotate until the first feature
engages the changeover component and then to move the
changeover component so as to engage with the second
feature 



and rotate the second support to a position with the
space of the second support not adjacent the Geneva
wheel, the space of the first support then being
adjacent the Geneva wheel and consecutive rotations of
the priming member causing only the second support to
rotate. In this way, it is possible to continuously
operate the priming member and yet achieve automatic
changeover between indexing of the first support and
then the second support. Preferably, the changeover
component is arranged such that, when the
primingmember rotates the second support back around
to the position with the space of the second support
adjacent the Geneva wheel, the second feature does not
engage with the changeover component and consecutive
rotations of the priming member cause no rotation of
either support. In this way, the device is
automatically prevented from indexing to previously
used pockets of the carriers. At this point in the
operation, as described above, the first and second
prodger members are preferably both aligned between
pockets of respective carriers and, hence, provide
resistance to movement of the cam member. This
provides the feature of"lock-out". According to the
present invention, there is also provided a device for
dispensing individual doses of powder from respective
pockets of a carrier, the device including first and
second supports rotatable about a central axis and for
supporting respective first and second carriers having
cavities with respective pockets formed therein and
arranged in respective first and second circular
arrays centred on the central axis, a changeover
component located between the first and second
supports, the first support having a first feature for
engaging with the changeover component and a second
component having a second feature for engaging with
the changeover component and an indexing mechanism
arranged to rotate each of the first and second
supports, wherein the indexing mechanism is arranged
to rotate the first support until the first feature
engages the changeover component such that the first
support then moves the changeover component, the
changeover component being arranged to then engage the
second feature so as to rotate the second support to a
position from which the indexing mechanism is arranged
to rotate the second support. In this way, a single
indexing mechanism may be provided to rotate the first
andsecond supports in sequence with changeover being
achieved automatically by means of the changeover
component. Preferably, the changeover component
rotates to the second support from a position at which
the indexing mechanism does not rotate the second
support and, when the first support moves the
changeover component, the first support moves to a
position which the indexing mechanism does not rotate
the first support. When the second support is rotated
back around to the position at which the indexing
mechanism does not rotate the second support,
consecutive operations of the indexing mechanism
preferably cause no rotation of either support. In
this way, the device is automatically prevented from
indexing carriers to pockets which have already been
used. The changeover mechanism allows the same
indexing mechanism to initially index a first carrier
disc and then, at a predetermined location, index both
carrier discs together for one increment and then
subsequently cause the indexing mechanism to only
index the second carrier disc. The changeover action
can be initiated solely by the angular position of the
first carrier disc requiring no other input from the
user and providing insignificant difference in the
tactile feedback. Preferably, the changeover component
is supported freely between and by the first and
second components. Preferably, the device further
includes a dose counter having a first counter ring
having an indication of unit counts on a first display
surface, the first counter ring being rotatable about
a counter axis, a second counter ring having an
indication oftens counts on a second display surface,
the second counter ring being rotatable about the
counter axis and a Geneva mechanism for driving the
second counter ring from the first counter ring and
rotating the second counter ring between consecutive
tens counts when the first counter ring rotates
between two predetermined unit counts. In this way,
the user is provided with an indication of the doses
used or the doses 



remaining. By providing two counter rings respectively
for units and tens, relatively large display figures
may be provided, while still allowing a large number
of counts, for instance 40, 60 or 80. The Geneva
mechanism provides a particularly effective way of
allowing the tens counter ring to be incremented as
required. Preferably, the first counter ring is driven
with rotation of the first support. Hence, the count
of unit doses dispensed is incremented/decremented
automatically with each indexing of the device. The
first counter ring may include gear teeth around its
outer periphery and an intermediate gear may be
provided to drive it from the indexing mechanism.
Where, as described above, the indexing mechanism
includes a Geneva wheel, the intermediate gear can be
driven directly from the Geneva wheel. Preferably, the
counter axis is coaxial with the first support. Hence,
the first and second counter rings may rotate about
the same axis as the carriers and their supports. This
allows a particularly compact arrangement. According
to the present invention, there may also be provided a
device for dispensing individual doses of powder from
respective pockets of a carrier, the device including
an indexing mechanism for indexing the carrier between
respective pockets, a first counter ring having an
indication of unit counts on a first displaysurface,
the first counter ring being rotatable about a counter
axis, a second counter ring having an indication of
tens counts on a second display surface, the second
counter ring being rotatable about the counter axis
and an intermittent-motion mechanism for driving the
second counter ring from the first counter ring and
rotating the second counter ring between consecutive
tens counts where the first counter ring rotates
between two predetermined consecutive unit counts, the
first counter ring being driven with the indexing
mechanism. Preferably, the intermittent-motion
mechanism is a Geneva mechanism. Hence, as described
above, this allows a large number of counts to be
provided with relatively large display numerals.
Preferably, the first and second counter rings are
positioned one within the other, with the first and
second display surfaces adjacent each other. The
display surfaces may thus be generally planar (and
perpendicular to the counter axis). Preferably, the
second counter ring may be positioned within the first
counter ring, the first counter ring may include a pin
for engaging a Geneva wheel rotatable about an axis
offset from the counter axis and the second counter
ring may include features engageable by the Geneva
wheel. In this way, during a complete revolution of
the first counter ring, at a predetermined position of
that revolution, a pin may engage the Geneva wheel so
as to rotate it and, hence, rotate the second counter
wheel by one increment. This arrangement allows a
particularly compact design. According to the present
invention, there is also provided a device for
dispensing individual doses of powder from respective
pockets of a carrier, the device including:an indexing
mechanism for indexing the carrier between respective
pockets; a first counter ring having an indication of
unit counts on a first display surface, the first
counter ring being rotatable about a counter axis; a
second counter ring having an indication of tens
counts on a second display surface, the second counter
ring being rotatable about the counter axis; and a
mechanism for rotating the second counter ring between
consecutive tens counts when the first counter ring
rotates between two predetermined consecutive unit
counts, the first counter ring being driven with the
indexing mechanism; wherein the first and second
counter rings are positioned one with the other, with
the first and second display surfaces adjacent each
other. It will be appreciated that devices according
to the present invention can be provided with or
without carriers. The invention will be more clearly
understood from the following description, given by
way of example only, with reference to the
accompanying drawings in which: Figures l(a) to (c)
illustrate operation of an assembled device according
to the present invention; Figures 2(a) and 2(b)
illustrate a carrier for use with the present
invention without and with its lidding sheets; Figures
3(a) and (b) illustrate movement of an insert from the
carrier of Figures 2(a) 



to (c); Figures 4(a) and (b) illustrate a preferred
arrangement for carriers within the device without and
with supports of the device; Figures 5(a) and (b)
illustrate airway plates and anvil plates of the
device in conjunction with corresponding carriers;
Figure 6 illustrates an insert of a carrier pushed
into its corresponding anvil plate; Figure 7(a) and
(b) illustrate movement of an insert of a carrier
plate into a corresponding anvil plate; Figure 8
illustrates the housing of the preferred embodiment;
Figure 9 illustrates airflow paths through the
preferred embodiment; Figure 10 illustrates the
chassis and cam member assembly of the preferred
embodiment; Figure 11 illustrates schematically
operation of the dispensing mechanism of the preferred
embodiment; Figure 12 illustrates schematically the
preferred profile for the cam member; Figure 13
illustrates sub-assemblies of the preferred
embodiment;Figures 14(a) to (f) illustrate the Geneva
mechanism of the indexing mechanism of an embodiment
of the present invention; Figures 15(a) to (e)
illustrate the changeover mechanism of an embodiment
of the present invention; Figures 16(a) to (h)
illustrate the dispensing mechanism of an embodiment
of the present invention; Figure 17(a) and (b)
illustrate cross-sections through the components of
Figures 16(a) ~to (h); Figure 18 illustrates pockets
being opened in a device embodying the present
invention; Figures 19(a) to (d) illustrate the Geneva
mechanism of a counter in an embodiment of the present
invention; Figures 20(a) to (e) illustrate operation
of the counter of Figures 19(a) to (d); and Figures
21(a) and (b) illustrate preferred cross sectional
areas at various locations in an embodiment of the
present invention. A preferred embodiment of the
present invention is an inhalation device from which a
user may inhale consecutive doses of medicament in the
form of dry powder. The preferred embodiment is
illustrated in Figures l(a) to (c). The device
includes a housing 2 on which a mouthpiece cover 4 is
rotatably supported. In order to use the device, the
mouthpiece cover 4-is rotated away from the housing 2.
As illustrated in Figure l(b) this exposes a
mouthpiece 6. The mouthpiece 6 may be formed
integrally with the housing 2, but, as will be
described below, it can also be formed as a separate
component for mounting with the housing 2. This allows
the material properties, for instance, colour, of the
mouthpiece 6 and housing 2 to be varied easily
according to the requirements of the device. As
illustrated in Figure l(b), a priming lever 8 extends
out of the housing 2 at aposition adjacent the
mouthpiece 6. The priming lever 8 is mounted so as to
rotate about a central axis within the device (to be
discussed further below). In this way, it is moveable
by the user around a periphery of the housing 2 to a
position as illustrated in Figure l(c). Movement of
the priming lever 8 from the first position
illustrated in Figure l(b) to the second position
illustrated in Figure l(c) is arranged to prime the
device, in particular, to expose a dose of powder such
that it may be carried with an airstream out of the
mouthpiece 6. It should be noted that locating the
first position of the priming lever 8 adjacent the .
mouthpiece 6 is highly advantageous, since it
discourages a user from attempting to inhale from the
mouthpiece 6 before moving the priming lever 8 away
from the mouthpiece 6 to the second position of Figure
l(c). In other words, the user is encouraged to prime
the device before attempting to inhale through it.
Nevertheless, it should be noted that a small space is
preferably provided between the mouthpiece 6 and
priming lever 8 so as to allow the user to operate the
priming lever 8 with his or her finger without
touching the mouthpiece 6. After use of the device,
the mouthpiece cover 4 may be rotated back to its
stowed position illustrated in Figure l(a). In this
respect, an inner surface of the mouthpiece cover 4 is
provided with a return actuator for engaging with the
priming lever 8. In particular, when the mouthpiece
cover 4 is moved from its open position of Figures
l(b) and (c) to its closed position of Figure l(a),
the return actuator engages with the 



priming lever 8 and moves it back from its second
position illustrated in Figure l(c) to its first
position illustrated in Figure l(b). As will be
described further below, in the preferred embodiment,
this movement of the priming lever 8 operates an
indexing mechanism for moving a still unused and
unopened pocket of powder into line with a dispensing
mechanism such that, with subsequent priming of the
device, the powder of that pocket is dispensed for
inhalation. By operating the indexing mechanism during
the return movement of the priming lever 8 immediately
after priming and release of a pocket of powder, if
the released powder is not inhaled, it is indexed to a
position where it can safely be held within the
device.As illustrated in Figures l(a) to (c), the
preferred embodiment also includes a window 10 in one
side of the housing 2. The window 10 is provided so as
to allow a user to view a counter display within the
device. A counter mechanism indexes the counter
display upon each use of the device so as to provide
the user with an indication of how may doses have been
dispensed and/or how may doses remain unused. Many
aspects of the present invention are applicable to
devices housing a wide variety of different dose
carriers. In particular, many of the features of the
embodiment described below can be used with carriers
having a traditional blisterpack construction, with
carriers having various arrays of pockets and, in some
arrangements, with some carriers having a single
respective pocket. Nevertheless, the present invention
is particularly advantageous when used with carriers
of the form illustrated in Figures 2(a) and (b). As
illustrated in Figure 2(a), each carrier 12 is formed
from a disc-shaped base 14 having a substantially
planar first side surface 16 opposite and parallel
with a substantially planar second side surface 18. A
plurality of through holes 20 are formed between the
first and second side surfaces 16, 18 so as to form
spaces for housing doses of powder. The base 14 is
formed with an appreciable thickness so as to provide
the through holes 20 with sufficient space to house
the required doses of powder. The through holes 20 are
arranged as a circumferential array and, in the
preferred embodiment, 30 through holes are provided in
the array. As illustrated in Figure 2(b), the first
and second side surfaces 16, 18 of the base 14 are
sealed with respective first and second lidding sheets
22, 24. In this way, the carrier 12 provides a
plurality of pockets housing individual respective
doses of powder. As illustrated by the cross-sections
of Figures 3(a) and (b), the pockets preferably
include a respective insert 26 within each through
hole 20. The inserts 26 aregenerally cup-shaped with
their open ends facing the first lidding sheet 22.
Each contain a respective dose of powder 28. By
pushing on the closed end of the insert 26 from the
side of the second lidding sheet 24, it is possible to
push the insert 26 outwardly from the base 14 of the
carrier 12 through the first lidding sheet 22. This is
illustrated in Figure 3(b), but, for clarity, without
either lidding sheet. As illustrated, with the insert
26 extending out of the base 14, it may be more
convenient to provide an airflow (such as indicated by
arrows) to remove powder from the pocket. Within the
housing 2 of the inhalation device, in a preferred
embodiment, two of the carriers 12 are arranged
coaxially side by side as illustrated in Figure 4(a).
Each carrier 12 is provided with a support 30 as
illustrated in Figure 4(b). In the illustrated
embodiment, each support 30 is positioned adjacent an
outwardly facing surface of its respective carrier 12.
In particular, the first side surface 16 of each
carrier 12 faces a respective support 30 such that a
dispensing mechanism may be provided between the two
carriers 12 so as to press respective inserts 26
outwardly towards the respective supports 30. The
preferred arrangement for this will be described
further below. As illustrated, the priming lever 8 is
positioned such that it extends between the carriers
12 and is rotatable about the common axis of the
carriers 12 so as to operate a dispensing mechanism
and an indexing mechanism. In the preferred
embodiment, each support 30 is made up of two
components, namely an anvil plate 32 and an airway
plate 34. These are illustrated in Figures 5(a) and
(b) in conjunction with associated carriers 12. Each
anvil plate 32 has a planar surface 36 which-, in use,
abuts against the first side surface 16 of the
associated carrier 12 as covered by the first lidding
sheet 22. Eachanvil plate 32 also includes a plurality
of guide through holes 38 corresponding to the through
holes 20 of the associated carrier 12 



In this way, as illustrated schematically in Figure 6,
an insert 26 can be pushed out of its through hole 20
and into a corresponding guide through hole 38 of the
anvil plate 32. The insert 26 is thus used to
outwardly burst through the first lidding sheet 22,
but is still held securely in place. Although not of a
particular concern here, the anvil plate 32 also
supports the first lidding sheet 22 around the through
hole 20 and can be used to improve the predictability
of the nature of the lidding sheet rupture. As
illustrated by the cross-section of Figure 7(a), the
anvil plate 32 includes a second surface 40 which
abuts an inner surface of the associated airway plate
34. The airway plate 34 includes a pair of through
holes corresponding to each guide through hole 38 of
the corresponding anvil plate 32. In particular, each
pair includes an inlet hole 42 and an outlet hole 44.
As illustrated in Figure 7(a), relative to the surface
40 of the anvil plate 32 abutting the inner surface of
the airway plate 34, a recessed channel 46 extends
radially inwardly from the outlet 44 so as to
communicate with the guide through-hole 38 of the
anvil plate 32. Hence, for each guide through hole 38
of the anvil plate 32, the airway plate 34 provides,
communicating with it, a corresponding inlet 42 and
outlet 44 with its associated recessed channel 46. In
particular, each inlet 42 communicates with one side
of its associated guide through hole 38 whilst the
corresponding outlet 44 communicates with the opposite
side of the associated guide through hole 38. As
illustrated in Figure 7(b), when an insert 26 is
pushed outwardly of the through hole 20 of the base 14
into the guide through hole 38 of the anvil plate 32,
it is positioned with the open portion of its
cup-shape facing the inlet 42 (at one end of the
cup-shape) and the recessed channel 46 (at the
opposite end of the cup-shape). In this way, as
illustrated, an airflow may be drawn through the
airway plate 34 such that it passes down into the
pocket formed in the insert 26, back up into the
recessedchannel 46 and then out of the outlet 44.
Powder in the insert 26 is thus picked up by the
airstream, removed from the insert 26 and carried out
of the airway plate 34. A flow path is thus formed
into and out of a pocket which may then connect the
pocket to the mouthpiece 6 of the device. As
illustrated in Figure 8 the housing 2 may be formed
from a pair of casing halves 2a and 2b. As illustrated
in Figures 9(a) and (b), an inner wall 50 of the
casing halves 2a and 2b cooperates with the airway
plate 34 so as to form a second flow path to the
mouthpiece 6 which bypasses the pocket(s).
Alternatively, an additional component may be provided
to define the second flow path. As illustrated in
Figure 9(b), for each pocket formed by an insert 26,
the corresponding inlet 42 of the airway plate 34 is
positioned adjacent a periphery of the pocket. The
corresponding outlet 44 is provided on an opposite
side of the pocket such that the airstream between the
inlet 42 and outlet 44 crosses the pocket and, hence,
picks up any powder from the pocket. As illustrated,
the inlet 42 is formed as a portion which is directed
down into the insert 26 forming the pocket. In this
way, when a user inhales through the device and
creates an airstream through it, the airstream drawn
through the inlet 42 will be directed down into any
powder in the insert 26 so as to dislodge it and move
it into the airstream so as to be carried out of the
outlet 44. In the illustrated embodiment, the recessed
channel 46, which connects the volume of the pocket to
the outlet 44, is positioned adjacent the inlet 42. In
this way, the airstream from the inlet 42 is deflected
from the base of the insert 26 (and any powder there)
so as to travel back towards the recessed channel 46.
Powder carried in the airstream up into the recessed
channel 46 is subjected to a relatively sharp change
in direction. As a result of this, powder in the
airstream tends to be deaggregated. Furthermore, the
powder will tend to hit the surfaces of the recessed
channel 46 also contributing to deaggregation.As is
clear from Figure 9(b), the shape of the airway path
is chosen to force large aggregates of powder to
impact the walls as the airflow is forced to change
direction, thereby deaggregating large clumps of
powder. The shape is also designed to ensure that
airflow over any surface within the airway is
maintained at a high value to avoid excessive powder
adhering to the surface. Thus corners are rounded and
the cross section at each position along the tube is
designed to maintain air velocity without generating
excessive pressure drop. As illustrated in Figure
9(a), in this embodiment, the airflow through the
pocket has its minimum area at the inlet to the pocket
defined by the dimension "a" whereas the airflow that
bypasses the pocket has its minimum cross section just
before the airflow 



join and so is defined by the dimension A. The air
velocity is highest where the cross sectional area is
smallest so this arrangement provides high velocity
air to extract the powder from the pocket and uses the
high velocity of the bypass air joining the powder
contained in the pocket airflow to assist
de-aggregation and to protect the walls from powder
deposition. The airflow velocity through the pocket is
controlled mainly by the suction pressure created as
the user inhales, whereas the volume flow rate is a
factor of both velocity and area. A sufficiently high
air velocity should be generated to ensure that the
powder is entrained in the airflow. However, if the
velocity -and flow volume are too high then there is
the possibility that the whole of the mass of powder
in the pocket is pushed through the airway as an
agglomerated clump. If this happens, the clump may not
accelerate to a sufficient velocity for its impact
with the walls in the airway to break it up and
provide de-aggregation. It is preferred that the
powder is removed gradually from the pocket by the
airflow. To achieve this, a small gap 46a is provided
between the surface of the powder in the pocket and
the airway roof formed from the division in the airway
plate 34 between the inlet 42 and recessed channel 46.
This, combinedwith a dimension for "a" that limits the
flow volume through the pocket, ensures that the
powder is eroded from the pocket rather than pushed
out. To enable this, the inlet hole diameter "a" is
chosen to be between 0.5mm and 2.0mm for pockets -of
around 2.0mm width (in a circumferential direction)
and of around 7.3mm length (in a radial direction).
The value chosen depends on the properties of the
powder. In this way, the powder can be removed from
the pocket over a time period ranging from between
0.1s to 1.0s. This is within the period of the high
flow rate of the inhalation cycle and provides good
de-aggregation of the powder. It should be appreciated
that, in other embodiments, it is possible for parts
of the flow path through the pocket, other than the
inlet hole, for instance downstream of the powder, to
form the minimum cross-sectional area of that flow
path. Similar considerations will still apply for the
diameter "a" of the inlet hole. The arrangement of the
inlet hole 42 and channel 46 is particularly
advantageous in conjunction with deep narrow pockets
of powder. At a particular flow rate, for instance 10
ltr/min, the surface of the powder will be eroded by a
certain depth. Increasing the flow rate to, for
instance 20 ltr/min, will result in the powder being
eroded by a further depth. Since inhalation by users
results in flow rates which increase progressively to
a maximum, powder is eroded depth by depth and the
pocket is emptied gradually over an appropriate
period. Although the volume and strength of inhalation
will vary between users, it is important that the
device should not provide too much in the way of
resistance to inhalation. In this respect, it would be
extremely difficult to inhale through an inlet 42
having a desired cross sectional area. Indeed, -where
possible, it would result in a flow velocity which was
far too high and which would entrain of all of the
powderfrom the insert 26 far too quickly. In practice,
it is found that approximately only 20% of inhaled air
can be used directly for picking up and deaggregating
the powder. As illustrated in Figure 9(b), a second
flow path is formed between an inner wall 50 of the
housing 2 and the outside of the airway plate 34. The
second flow path bypasses the pocket and increases the
overall cross sectional area available through which
to_inhale. By changing the values of the dimensions a
and A, it is possible to change the rates of airflow
between the pocket and bypass and to control the
overall flow resistance of the device so that it is
comfortable for the user to inhale through. A typical
flow resistance for the device would be between 2kPa
and 5Kpa for a flow volume of 601/min. Higher flow
resistances are chosen for powders which are harder to
deaggregate, whereas lower flow resistances are
preferred for devices used by children. The recessed
channel 46 and outlet 44 generally have larger cross
sectional areas than the inlet 42. It is envisaged
that the minimum cross sectional area for the pocket
path would be 3.5mm2 to 4.0mm2 and for the bypass
5.0mm2 to 6.0mm2. In this way, it is relatively easy
to inhale through the device, since a large proportion
of the airflow will be through the second flow path.
Nevertheless, some of the flow ' will occur through
the first flow path so as to entrain and deaggregate
the powder as described above. In the preferred
embodiment, there is another second flow path for the
other side of the device and its corresponding
carrier. In use, a patient inhales through both 



second flow paths whilst drawing powder from the first
flow path in use. Each of the second flow paths is
expected to carry approximately 40% of the total
inhaled air for an average use. Actual requirements
will vary depending upon the nature of the powder and
the intended user. For an easily dispensed powder, the
portion forming the inlet to the pocket can be small
and, for a child or patient with COPD (Chronic
Obstructive Pulmonary Disease), the total pressure
drop should be low. In this case, an inletportion
could be provided with a cross-sectional area of 2 mm2
and a bypass second flow path with a minimum
cross-sectional area of 8 mm2, resulting in a ratio of
25%. On the other hand, with sticky powder for a
healthy adult, the inlet portion could be provided
with a cross-sectional area of 4 mm2 together with a
bypass second flow path having a minimum
cross-sectional area of 6 mm2, resulting in a ratio of
66%. Of course, intermediate values are also possible
and a preferred arrangement has an inlet portion of
approximately 3 mm2 with a second flow path minimum
crosssectional area of 6 mm2, resulting in a ratio of
50%. As illustrated in Figure 9(a), the walls of the
outlet 44 are orientated so as to direct the flow of
air and powder into the second flow path at an angle q
relative to the flow in the second flow path. By
ensuring that the angle q is less than 45 , it is
possible to substantially reduce the amount of powder
which might impact with or stick to the wall 50
opposite the outlet 44. Preferably the angle q is no
greater than 45, more preferably no greater than 30.
In this way, substantially no powder will adhere to
the wall 50 forming the second flow path to the
mouthpiece 6. Preferably, with repeated use of the
device, no more than 25%, preferably no more than 15%
of a dose remains deposited on the wall 50. In this
respect, it will be appreciated that the flow from the
bypass past wall 50 will act to scour or scavenge
powder from the wall 50. As mentioned above with
reference to Figure 4(b), the anvil plate 32 and
airway plate 34 together form a support for a
corresponding carrier 12. By means of the priming
lever 8 and the indexing mechanism to be described
below, a support 30 and its corresponding carrier 12
is moved to consecutive -positions to dispense powder
from consecutive pockets. In this regard, it will be
appreciated that each pocket has its own first flow
path as formed in the airway plate 34. From the
description above, it will be appreciated that
turbulent flow in removing powder from the pocket and
deaggregation of powder occurs within the first flow
path. Thus, should any powder adhere to walls within
the airway plate 34, this powder is not available for
inhalation when subsequent pockets of powder are
dispensed.The device is preferably arranged such that
an inlet passage that provides the air for the flow
through the pocket and through the bypass is arranged
so that it feeds the air only to the pocket positioned
for dispensing, such as illustrated in Figures 9(a)
and (b). The indexing of the carrier 12, anvil plate
32 and airway plate 34 after use repositions the inlet
42 and outlet 44 for a used pocket outside of the
airflow for the pocket currently in use. This
arrangement ensures that, even if none of the powder
from a pocket is removed after it has been opened,
once it has been indexed on, then the powder will be
permanently retained within the device such that it
will not be inhaled along with a subsequent dose. The
supports 30 and associated carriers 12 may be
rotatably mounted within the housing 2 by means of a
chassis sub-assembly 58 as illustrated in Figure 10.
The chassis sub-assembly 58 is positioned between the
second side surfaces 18 of the carriers 12. Jt extends
axially along the axis of the carriers 12 and is fixed
to one or both of the two halves 2a, 2b of the housing
2. As illustrated in Figure 10, the priming lever 8
forms part of (or could be attached to) a priming
member 60. The priming member 60 has a central pivot
opening 62 by which it is rotatably supported on a
pivot shaft 64 of a chassis 66. As illustrated in
Figure 13, the priming member 60 and chassis 66 are
together positioned between the two carriers 12 and
associated supports 30. Furthermore, the chassis 66 is
mounted to the housing 2 so as to be rotatably fixed.
In the illustrated embodiment, the pivot shaft 64 may
itself be located on a shaft 68 provided on the inside
of one or both halves 2a, 2b of the housing 2. Also, a
radial extension 70 (shown in Figure 10) may be
provided on the chassis 66 to interact with an inner
portion of the housing 2 so as to rotationally fix the
chassis 66.The carriers 12 and associated supports 30
may be rotationally mounted on the chassis 66. The
priming member 60 includes an elongate cam member 72
which extends in a 



circumferential direction and has a cam surface 74 on
each of two opposites sides. Each cam surface 74
interacts with a respective member 76 which will be
described as a prodger. Operation of the priming
member 60, cam member 72 cam surfaces 74 and prodgers
76 will be described with reference to the schematic
illustration ofFigure 11. When the priming lever 8 is
moved from its first position to its second position,
the priming member 60 is rotated relative to the
chassis 66, the carriers 12 and their supports 30 such
that, in the schematic illustration Figure 11, the cam
member 72 moves upwardly. As can be seen in Figure 10,
the priming member 60 includes elongate openings
either side of the cam member 72 through which arms 80
of the prodgers 76 can extend. The chassis 66 holds
the prodger 76 rotationally but allows them to move in
an axial direction of the device, in other words
towards and away from the carriers 12 on either side.
Indeed, as illustrated, an aperture 82 exists in the
chassis 66 allowing one of the prodgers 76 to extend
through the chassis 66 towards a corresponding carrier
12. As illustrated in Figure 11, the cam surface 74 on
either side of the cam member 72 is such that, as the
priming member 60 rotates and the cam member 72 moves
upwardly as illustrated in Figure 11, the prodgers 76
are moved outwardly towards their respective carriers
12. In Figure 11, the right hand prodger 76 is
illustrated in alignment with a pocket in
itscorresponding carrier 12. Thus, when the priming
member 60 rotates and the cam member 72 moves upwardly
in Figure 11, the right hand prodger 76 will be moved
outwardly towards its corresponding carrier 12, will
penetrate the through hole 20 and push the insert 26a
out of the first side surface 16. In this respect,
Figure 11 illustrates one insert 26b which has already
been pushed out by the prodger 76. An indexing
mechanism, to be described below, rotates the right
hand carrier 12 and its corresponding support 30 to
the next position in which the prodger 76 is aligned
with a new, unopened pocket. The operation of opening
a pocket can then be repeated. It will be appreciated
from Figure 11 that carriers 12 on either side of the
priming member 60 could have respective pockets
aligned with the prodgers 76 such that operation of
the cam member 72 simultaneously opens pockets of the
respective carriers 12. However, inthe illustrated
embodiment, the indexing mechanism arranges for one of
the prodgers 76 to be aligned with a pocket whilst the
other of the prodgers 76 is at a position between
pockets. In this way, the dispensing mechanism formed
from the cam member 72 and prodgers 76 only opens one
pocket at a time. Referring to Figure 2(a), it will be
seen that the preferred carrier 12 has an array of
through holes 20 which includes a space 82 in which a
through hole 20 is not formed. Using carriers of this
type, it is possible to position one carrier 12 with
the blank portion 82 opposite a prodger 76 whilst
consecutively indexing the other carrier 12 around
each of its through holes 20 and the pockets they form
until all have been emptied. The indexing mechanism
can then rotate the empty carrier to a position in
which its blank portion 82 is opposite the prodger 76
and rotate the other carrier 12 around all of the
positions in which the corresponding prodger 76 aligns
with the through holes 20. In this way, the same
dispensing mechanism is used for dispensing powder
from both carriers and using the same
operation.Although it is the intention that
substantially all of the powder dispensed from the
individual pockets will be removed from the device by
way of inhalation, it is possible that some powder
will remain within the device. Indeed, where different
types of carrier are used or the device has a
different application, it might be that more powder
does remain within the device. As illustrated in
Figure 10, the cam surfaces 74 are provided with one
or more grooves or channels 84. Any excess powder can
thus fall into the grooves 84 such that contact and
movement between the cam surface 74 and the prodger 76
is not impeded. It will be appreciated that, with the
arrangement where one or other of the prodgers 76
abuts a portion 82 of a carrier 12 where there is no
pocket, in order for the priming member 60 to rotate
and the cam member 72 to move a prodger 76 towards the
other carrier 12, it will be necessary for the cam
member 72 to move away from the portion 82. In some
embodiments, it might be possible to allow the entire
priming member 60 to move axially or for the carriers
12 to move axially. However, in the preferred 



embodiment, the cam member 72 has itself a limited
amount of flexibility. As illustrated, the cam member
72 is provided as an elongate member which is attached
to the rest of the priming member 60 at each end with
an elongate opening either side of it. This will allow
sufficient flexibilityfor the cam member 72 to move
towards and away from the carriers 12. Considering the
overall embodiment as described with reference to
Figure l (a) to (c), it will be appreciated that it is
highly desirable to ensure that the user moves the
priming lever 8 through its entire length of travel so
as to fully dispense a dose of powder. In particular,
considering Figure 11, it would be undesirable for a
user to partly operate the priming lever 8 and priming
member 60 such that a prodger 76 pushes an insert 26
far enough to partly rupture a lidding sheet on the
first side surface 16, but without fully extending the
insert 26 to the position illustrated in Figures 6 and
7(b).As the motion of the inserts 26 is restricted by
the foils 22, 24 sealing both surfaces of the carrier
plate 12, a high force is required to cause the
inserts 26 to start to move. This force increases to
the point at which the foils 22, 24 rupture after
which the force decreases substantially. Thus, the
user feels a resistance to the motion of the priming
lever 8 for the early part of its travel. At some
point along its travel, the resistance suddenly
reduces, as the foil 22, 24 rupture. The user cannot
reduce the applied force instantaneously so that the
priming lever 8 is rapidly pushed to the end of its
available stroke. This tactile feedback encourages the
user to fully open the pockets. If the cam member 72
driving the prodgers 76 was solid as shown in Figure
1, then the inserts 26 would be forced to the
positions shown. However, in the preferred embodiment
where the parts are moulded in plastic, it is
impossible to control the dimensions of all parts with
absolute accuracy. Thus, where the distance moved by
the insert 26 is smaller than the space allowed for
it, there would be a gap above the pocket but where
the distance moved is greater than the distance
allowed for it, the anvil plates 32 would be pushed
apart from the carriers 12 by the force. This force
would be transmitted to the casework causing it to
deform if sufficiently high force was applied to the
priming lever 8. To avoid this potential problem, the
cam member 72 is made to a form that varies its force
versus distance profile along its length. An example
of a suitable form is shown in Figure -12. The
preferred embodiment includes two such members
arranged back to back. The solid wedge shape profile
at the right hand side as illustrated in Figure 12 has
the same profile as shown in Figure 11. This form
rigidly transmits the force applied by the priming
lever 8 to the insert 26. The length of this profile
is chosen so that, for all devices, the prodgers 76
will be moved sufficiently far to break the foils 22,
24 by this profile. Once the foils 22, 24 are broken,
much less force is required, but the distance that the
insert 26 must move may vary from device to device.
Thus, for the last part of its travel, the cammember
72 cross-section is designed to provide compliance in
its movement. This ensures that the cam member 72
provides sufficient force for the insert 26 to be
pushed to the end of its available travel in the anvil
plate 32. However, after the insert 26 is stopped at
the end of its travel, the force that the cam member
72 applies to the prodger 76 is limited to that
generated as it deforms. This can be much less than
the force that would be applied if the prodger 76 were
rigidly connected to the priming member 60. In this
way, reliable opening of the pocket is achieved using
components that can be manufactured using conventional
materials and moulding processes. The action of cam
member 72 and prodger 76 is further illustrated in
Figures 16(a) to 16(h). These Figures show the cam
member 72 and prodger 76 at sequential positions as
the priming lever 8 and priming member 60 are moved to
open a pocket. The Figures are grouped in pairs, each
group giving two views of the same position. Figures
16(a) and 16(b) show the prodger 76a in its fully
retracted position at one end of the cam member 72.
The prodgers 76a and 76b are identical components that
clip together with the cam member 72 between them.
Each prodger 76 has features 86 at the ends of their
arms 80 that locate with additional cam surfaces 88
formed on the priming member 60 either side of the
elongate openings though which the arms 80 extend.
Where a prodger member 76 has penetrated past
t-hefirst surface of a carrier disc in order to push
the pocket through the second surface, then it is
necessary to retract the 



prodger member 76 before the carrier disc can be
indexed to its next position. A spring could be used
to achieve this if it were positioned to press the
prodger member 76 against its base surface. However,
it is preferable to have an active method for
retracting the prodger member 76 that acts as the cam
member 72 is returned to the original position.
However, where the action of returning the cammember
72 to its original position is also used to index the
carrier disc, it is important to ensure that the
retraction of the prodger members 76 is completed
before the carrier disc is indexed. A preferred method
of achieving this is by the use of the further cam
surfaces 88 located in the non-moving housing in which
the cam member and carrier discs are located. Figure
17(a) shows a schematic cross section through the
prodgers 76a and 76b also in their retracted position.
The location of prodger 76a is constrained by the
surface 90 of the cam 88 and the cam surface 74 of the
cam member 72. The cams 88 and cam member 72 are
designed so that their thickness Cl and C2 change
along the direction of the primary member 60 motion.
Figure 17(b) shows the prodgers 76a and 76b in their
open position where it can be seen that C2 has
increased and Cl decreased compared to their values at
the closed position. The cam member 72 has a
rectangular cross section C2 at one end that gradually
increases in area. At the point that it starts to
become a compliant wedge, rather than a rigid one, the
wedge splits into a central part that pushes up 74 and
two side parts that push down 74a. This arrangement
provides a positive force to both open and close the
prodgers 76a and 76b. Figures 16(c) to 16(h) show how
the concept illustrated in Figures 17(a) and (b) might
be implemented. Figures 16(c) and (d) show the
prodgers 76a and 76b where the cam member 72 has
completed approximately one third of its full travel.
The cam member 72 over thissection is of uniform
thickness such that the prodgers are folly retracted.
This allows the movement of the rotary priming member
60 on the return stroke over this section to drive the
indexing mechanism (as will be described below).
Figures 16(e) and (f) show the prodgers 76a and 76b
where the cam member 72 has completed two thirds of
its travel. The cam member 72 along this section
includes the circumferential grooves 84 mentioned
above. The raised parts of the cam member 72 are
sufficient to rigidly couple the force applied to the
priming lever 8 to the prodgers 76a and 76b and the
grooves 84 are provided solely to increase the
tolerance of the mechanism to stray powder that may
have collected on the cam surface 74. Figures 16(g)
and (h) show the prodger where the cam member 72 has
completed its travel. In this section, the cam member
72 is not solid but split into a central section and
two side sections arranged so that the central section
presses up against one prodger whilst the two outer
sections press down against the other prodger. If the
prodgers 76a and 76b reach the end of their travel
before the cam member 72 reaches the end of its
travel, then the thinned section of the cam member 72
at this point will be deflected, thereby limiting the
force applied to the prodgers 76a and 76b over the
remaining travel of the cam member 72. In the
preferred embodiment, the indexing of the two carrier
assemblies (Figures 5(a) and (b)) is accomplished by
an indexing mechanism that causes a carrier 12 to be
incremented by one pocket each time the priming lever
8 is actuated and a changeover mechanism that causes
the indexing mechanism initially to drive the first
carrier 12 but, when the last pocket of that carrier
12 has been used, for that carrier 12 to remain
stationery whilst the second carrier 12 is incremented
when the indexing mechanism is actuated. The preferred
indexing mechanism illustrated in Figures 14(a) to (f)
uses a 3 pegGeneva 100 that rotates exactly 120 each
time the indexing mechanism is actuated. The Geneva
peg wheel 100 has two gears co-axial with the
peg-wheel arranged so that the gears can engage with
teeth 35 on the airway plates 34. To avoid having both
airway plates 34 driven simultaneously, it is arranged
that, at one location around the airway plate 34, the
gear teeth 35 are missing. As a result, at this
location, rotation of the Geneva peg wheel 100 does
not rotate the airway plate 34. Thus, the indexing
mechanism drives the first carrier 12 via the Geneva
100 and its gears until it reaches the end of the gear
teeth 35 for that carrier 12. The next 



indexing moves the first carrier 12 to its non-driven
position, i.e. where the gear teeth 35 are missing,
and engages a changeover mechanism which rotates the
second carrier 12 until its gears 35 are engaged with
the gears on the Geneva peg wheel 100. A preferred
embodiment of the indexing mechanism is illustrated in
Figures 14(a) to 14(f). In these, it can be seen that
the peg wheel 100 is located with its axis parallel t
0 the axis of the dose carriers 12 and rotary priming
member 60. The rotary priming member 60 incorporates
many of the functional elements described previously
within a single moulded component. It includes the
priming lever 8, the cam member 72 and the prodger
closing cams 83, as well as being the driving member
for the indexing Geneva 100. The Figures start with
the priming member 60 at the end of its travel where a
pocket has been opened and shows what happens as the
priming lever 8 is returned to its start position by
the closing of the mouthpiece cover 4. The peg wheel
100 has six pegs 102a-102c, 103a-103c arranged at 60
intervals around its edge. Three of these pegs 102a,
102b; 102c are longer than the other three 103a 103b,
103c and are shown with black ends for clarity. As the
rotary priming member 60 moves from its position in
Figure 14(a) to that in Figure 14(b), theleading part
101 of a driving member 104 formed by the priming
member 60 passes over the short peg 103a with its
periphery touching the edges of the longer pegs 102a
and 102c preventing the peg wheel 100 from rotating.
At the position shown in Figure 14(b), a ratchet 105,
which slopes downward and forward from the driving
member 104, engages with the peg 103a. As the priming
member 60 and the driving member 104 continue to move
from the position of Figure 14(b) to that of Figure
14(c), the peg wheel is driven around. To permit the
peg wheel 100 to rotate, a slot 106 is cut into the
driving member 104 of the priming member 60 into which
the long peg 102c can enter. At the position of Figure
14(c), the ratchet 105 is starting to disengage with
the peg 103a but the trailing edge 107 of the slot 106
now engages with the long peg 102c and continues to
drive the peg-wheel 100 around through to the position
shown in Figure 14(d). At the position of Figure
14(d), the edge 108 of the driving member 104 passes
over the short peg 103c. The peg wheel 100 then
continues to rotate to the position of Figure 14(e) to
complete the forward motion of the peg wheel 100. The
slot 109 is provided to accommodate the long peg 102b.
At this position, the dose carrier 12 has been driven
so that the next pocket to be opened is beyond its
desired location and the mouthpiece cover 4 that has
been driving the rotary priming member 60 is fully
closed. When the priming lever 8 is pushed in the
reverse direction by the user to open a pocket, the
initial part of the travel, over which the prodgers
76a and 76b are not moved, takes the rotary priming
member 60 plate back from the position shown in Figure
14(e) to that shown in Figure 14(b). The angled face
110 in the slot 109 on the rotary priming member 60
pushes on the long -peg 102b causing the peg wheel 100
to rotate backwards until the two long pegs 102b and
102c are both dis-engaged from the driving edges and
pressing against the outer periphery 108 of the rotary
priming member 60. This accurately defines the rotary
position of the peg wheel 100, ensuring that the
prodgers 76a and 76b accurately line up with the
pockets. The short peg 103c, that is within the outer
periphery of the rotary priming member 60, is short
enough to allowthe ratchet 105 to return over the top
of it. Thus, after the initial movement, the peg wheel
100 is held stationary throughout the remainder of the
stroke opening a pocket. Thus, each indexing operation
causes the peg wheel 100 to rotate 120. The gears
above and below the plane of the peg wheel 100 are
shown in Figure 14(f) which for clarity is viewed from
the opposite side from Figure 14(a) to 14(e). Figure
14(f) shows the gears 35 on one of the airway plates
34 engaged with the gear on the peg wheel 100. The
number of gear teeth on the airway plates 34 and peg
wheel 100 are arranged so that the 120 motion of the
peg wheel increments the dose carrier plate exactly
one pocket pitch. The arrangement described here is
advantageous in achieving precise intermittent motion
control of two disks within very tight space
allocation and with a minimal number of components. As
described previously, for the device to operate with
two disk carrier plates, a changeover mechanism is
preferably provided to cause the indexing mechanism
initially to drive a first disk and, when this has had
all of its pockets opened, to then 



drive a second disk. Such a changeover mechanism will
be described with reference to Figure 15(a) to Figure
15(e). These Figures show the device viewed edge on
with the two airway plates 34 arranged horizontally.
Figure 15(a) shows the device in its position before a
first pocket is opened. In Figure 15(b), airway plate
34a has been indexed by one position to the right. The
two features 123 on the periphery of the airway plate
34a can be seen to have shifted. Figure 15(c) shows
the position after the last pocket of the lower
carrier 12 of airway plate 34a has been opened. The
rotation has brought the features 123 right around the
device to the position shown. The next indexing
operation causes the lower airway plate 34a to move as
before. However, the leading feature 123 pushes on a
changeover component 124 which pushes on the feature
122 on the upper airwayplate 34b causing both plates
34a and 34b and carriers 12 to move together. When the
upper airway plate 34b was in its original position,
the prodger 76b was aligned to the missing pocket part
82 providing a hard surface against which that prodger
76b could push whilst the other prodger 76a pushed
against a pocket of the lower airway plate 34a. In
addition, at this location, the missing teeth on the
gear 35 of the upper . airway plate 34b aligned with
the gear on the Geneva peg wheel 100 and, hence,
rotation jofthe peg wheel 100 did not index the upper
airway plate 34b. However, the indexing operation
performed by the changeover component 124 on the upper
airway plate 34b moves the gear of the upper airway
plate 34b to engage with the gear of the peg wheel 100
and aligns the first pocket of the upper carrier 12
with the prodgers 76. Simultaneously, indexing by the
priming member 60 causes the lower airway plate 34a to
continue to move to a position which the gear teeth 35
on the lower airway plate 34a disengage from the gear
on the peg wheel 100. The priming member 60 and peg
wheel 100 move the lower airway plate 34a to a
position in which the missing teeth on the gear 35 of
the lower airway plate 34a are aligned with the gear
on the Geneva peg wheel 100 and the missing pocket
segment 82 of the lower dose carrier 12 is aligned
with the prodgers 76. The clip 125 provides an
interlock that prevents any frictional coupling from
causing the upper airway plate 34b to move before the
lower airway plate 34a has arrived at the correct
location. Thus, changeover from the indexing of one
disc to the other is achieved automatically and with
minimal number of components and in a very small
space. The indexing of the device, in addition to
moving the next pocket into alignment with the
prodgers 76, preferably actuates a dose counter that
provides a visual indication to the user of the number
of doses remaining. The operation of the dose
indicator will be described with reference to Figures
19 and 20.It is preferable that the device, when
dispensing medicament, indicates to the user the
number of doses remaining in the device. It is
preferable that such indication is easily readable
and, as such, very small numbers indicating the
remaining doses would be a disadvantage. Within the
size constraints of a pocket portable device that
contains 60 doses providing such a display is
challenging. The simplest arrangement of marking the
carrier discs with numbers visible through windows in
the casework requires, where two carrier discs are
used, the user to view different windows and, in
addition, the space available around the carrier disc
means that the size of the numbers would be small. A
preferred method is to employ a display with separate
units and tens indication, driven such that the tens
display index one number as the unit display index
from 9 to 0. This allows larger numbers to be used
within the same casework. The two discs may be
provided concentrically one within the other and
preferably coaxially with the axis of the device, for
instance on the shaft 68 illustrated in Figure 13. The
displayed units and tens are visible through the
window 10 illustrated in Figure l(a). In a preferred
embodiment, the display counts down to zero, but the
tens disc is not provided with a "0". Instead, it is
provided with an indicator, for instance a symbol,
colour light etc to indicate to the user that the
device is nearing the end of its functional life. The
preferred embodiment uses another Geneva and gear
arrangement that is driven from the movement of the
carrier discs. It is preferable that a single counter
is increment initially by the motion of the first
carrier disc and subsequently by the motion of the
second carrier disc such that the fact that the device
contains two carrier discs is not apparent to the
user.Figure 20(a) shows a view of the dose counter
display. The counter consists of two 



concentric rings 130, 13 lwith numbers formed in the
rings facing toward the outer casing 2 of the device.
The outer ring is the units counter 130 and the inner
ring is the tens counter 131. The window 10 is
provided in the outer casework 2 is arranged to permit
the user to see only one digit of the units counter
130 and the adjacent digit of the tens counter 13 1.
In Figure 20(a), the counter indicates that there are
2 1 doses left. The operation of the counter requires
the units counter 130 to index by 36 every time the
indexing mechanism is actuated and for the tens
counter to index by 36 only as the units counter moves
from displaying 9 to 0. It can be seen that the units
digits are evenly distributed around the ring whereas,
for the example shown in Figure 20(a) which has 60
doses, there are only the digits 1 to 6 on the tens
counter 131. The counter is driven by a gear 133 which
itself is driven by one of the gears on the indexing
Geneva peg wheel 100. In the preferred embodiment
described above, the indexing Geneva 100 turns through
120 for each indexing operation and the gear on it has
six teeth. The gear 133 has fifteen teeth and engages
with the twenty teeth 134 of the units counter
illustrated in Figure 19(a). Thus, the 120 rotation of
the indexing Geneva 100 drives the units counter 130
through 36. Figure 19(a) shows the units counter ring
130 viewed from behind the face on which the numbers
are formed. A counter Geneva wheel 135 is shown
located inside the units counter ring 130 for mounting
on a fixed post which is part of chassis 66. An
actuated peg 136 for the counter Geneva mechanism is
located on the inner diameter of the units counter
wheel 130. This peg 136 engages with one of the three
indentations 137 in the Geneva wheel 135 causing the
Geneva wheel 135 to rotate by 120 as the peg 136
passes by the wheel 135 during its 36 rotation between
displaying the digits 9 and 0.It should be noted that
in this Geneva mechanism, the peg 136 is on the outer
larger diameter component 130 and this drives the
slotted smaller wheel 135 whereas, for the indexing
Geneva 100, the slots are on the larger wheel and they
drive the pegs on the smaller wheel. However, both are
examples of a Geneva type mechanism providing
intermittent rotation with accurate location between
the rotations. The Geneva wheel includes cam faces 138
which contact against the inner wall 139 of the units
counter 130 preventing the Geneva 135 rotating between
indexing. To permit the Geneva 135 to rotate as it is
pushed by the peg 136, there is a gap 139a in the
inner wall 139 adjacent to the peg 136. The Geneva has
a 3 tooth gear on its underside engaging with pegs on
the tens counter ring to drive it. Figure 19(a)
through to Figure 19(e) show the positions of the
Geneva wheel 135, the drive gear 133 and the units
counter 130 at four stages during the 36 rotation of
the units counter. Figure 20(a) to Figure 20(c) show
the motion of the two counter wheels as they index
from 21 doses to 20 doses remaining, when only the
outer units counter 130 moves. Figure 20(c) to Figure
20(e) show the corresponding situation from 20 to 19
doses remaining where both counters index. After the
last dose has been used, the remaining doses display
will read 0 indicating that the device is empty to the
user. However, if the user does not look at the
display, they may actuate the device again when
desiring further doses. It is preferable that the
device provides some positive feedback to the user, as
it is being actuated, that it is empty.This feedback
can be in the form that the priming lever 8 cannot be
moved to its operating position with the level of
force normally used. This tactile feedback provides a
lockout feature. A preferred method of achieving this
with the two disc device is to arrange that after the
last dose has been used, the second disc indexes such
that it has no pocket under the prodger. At this
point, the two prodger members 76 both face surfaces
of the discs without pockets. Thus as the priming
lever 8 is moved, neither prodger member 76 can move
onto a disc and the resulting force on the prodger
members 76 is transmitted back through the drive
mechanism to the priming lever 8 and hence to the
user. Whilst the user may be able to apply sufficient
force to move the priming lever 8 through to its home
position, this will only be possible by forcing the
discs to 



separate against the constraint of the casework. The
force required to do this can be made sufficiently
greater that the normal actuation force as to be
obvious to the user. From the description, it can be
seen that this mechanism provides a clear visual
indication of the number of doses remaining with a
minimal number of components. The preferred embodiment
described above is arranged consecutively to dispense
the powder from each pocket of one carrier and then
subsequently the powder from each pocket of the other
carrier. However, it should be appreciated that it is
also possible for a device to dispense powder from
pockets alternately from one carrier and then the
other carrier. Alternatively, pockets of both disks
may be dispensed simultaneously. By dispensing powder
from both carriers, either one after the other or
simultaneously, it is possible for the user to inhale
the powder from both carriers simultaneously. This
arrangement is particularly advantageous when used
with disks containing different medicament. In
particular, it is preferred to provide disks
containing acombination of medicaments that are more
effective together than singularly. By way of example,
a steroid compound could be dispensed from one disk
and a long acting beta agonist (LABA) from the other
disk for the treatment of, for example, asthma or
chronic obstructive pulmonary disease. Examples of
long acting beta agonists include formoterol and
salmeterol and examples of steroids include
fluticasone propionate, budesonide and monetasone
furoate. It is also possible to adapt the mechanism so
to as to arrange for selective dispensing from one or
both carriers. Where both disks are provided with the
same medicament, this may be used to vary the
dispensed dosage. Although a device has been described
with reference to a particular type of carrier, in
particular having through holes and sealed with
lidding sheets on either side, it is also possible to
use other carriers, such as more conventional blister
packs. These could include inserts similar to those
described above. However, alternatively, powder in the
pockets themselves could outwardly burst the lidding
sheet. Also certain aspects of the device are
applicable with other opening arrangements such as
peeling or cutting of the lidding sheet. Finally, it
should be appreciated that the device can be provided
with carriers preinstalled or, alternatively, ready
for use with appropriate carriers. As illustrated in
Figure 13, the preferred arrangement described above
can be provided conveniently as three assemblies for
use with carriers 12. In particular, a first cover
sub-assembly A receives one carrier 12 and a second
cover sub-assembly B receives another carrier 12. The
two cover sub-assemblies A and B are then secured to
one another with a chassis sub-assembly C
therebetween.CLAIMS 1. A device for dispensing
individual doses of powder from respective pockets of
a carrier, the device including: a support for a
carrier having a plurality of pockets containing
respective doses of powder; and a mouthpiece through
which to inhale an airstream carrying a dose of
powder; the device further including: walls for
defining individual respective first flow paths
downstream of each respective pocket of a supported
carrier wherein each individual respective first flow
path is defined entirely by respective walls unique to
that individual respective first flow path, is for
connecting the corresponding respective pocket to the
mouthpiece and is for deaggregating powder in the
airstream. 2. A device for dispensing individual doses
of powder from respective pockets of a carrier, the
device including: a support for a carrier having a
plurality of pockets containing respective doses of
powder; and a mouthpiece through which to inhale an
airstream carrying a dose of powder; the device
further including: walls for defining individual
respective first flow paths downstream of each pocket
of a supported carrier for connecting the pockets to
the mouthpiece and deaggregating powder in the
airstream; and an arrangement for moving
individuallyeach pocket from a respective storage
position to a respective discharge position, wherein
each pocket, in the respective discharge position,
forms an integral part of the individual respective
first flow path. 3. A device according to claim 2 for
use with a carrier having pockets provided 



with a lidding sheet, the device allowing the lidding
sheet to be ruptured as a consequence of moving a
pocket from a respective storage position to a
respective discharge position.4. A device according to
claim 1, 2 or 3 further including: walls defining a
second flow path connecting with the mouthpiece and
bypassing the pockets. 5. A device according to claim
4 wherein: with the device configured to dispense a
dose of powder from one of the pockets of the
supported carrier, the respective first flow path
connects with the second flow path downstream of the
bypass and at an angle such that substantially no
powder impacts with the walls defining the second flow
path. 6. A device according to claim 5 wherein: where
the respective first flow path connects with the
second flow path, the angle between the flow paths is
less than 45 degrees and preferably less than 30
degrees. 7. A device according to claim 4, 5 or 6
wherein: the support for a carrier and the walls
defining the first flow paths are moveable with a
supported carrier so as selectively to connect
respective first flow paths with the second flow path
and hence selectively dispense doses of powder from
respective pockets of the supported carrier. 8. A
device according to any one of claims 4 to 7 wherein:
the walls defining the first flow paths include,
upstream of the pockets, respective portions of
relatively reduced cross-sectional area orientated so
as to be directed towards respective pockets and
direct a relatively high velocity airstream into the
respective pockets. 9. A device for dispensing a dose
of powder-from a pocket of a carrier, the device
including: a support for a carrier having a pocket
containing a dose of powder; anda mouthpiece through
which to inhale an airstream carrying a dose of
powder; the device further including: walls defining
first and second flow paths communicating with the
mouthpiece, the first flow path communicating with the
pocket of the supported carrier and the second flow
path bypassing the pocket; wherein the walls defining
the first flow path include, upstream of the pocket, a
portion of relatively reduced cross-sectional area
orientated so as to be directed towards the pocket and
direct a relatively high velocity airstream into the
pocket. 10. A device according to claim 8 or 9
wherein: the portion(s) have a cross-sectional area
between 50% and 66% of the crosssectional area of the
smallest part of the second flow path. 11. A device
according to claim 8, 9 or 10 wherein: the portion(s)
have a cross-sectional area of between 2.0mm2 and
10.0mm2. 12. A device for dispensing individual doses
of powder from respective pockets of a pair of
carriers, the device including: a support for two disc
shaped carriers, each disc shaped carrier having at
least one substantially planar first side surface
having an annular array of cavities in which
respective pockets are formed and a respective first
lidding sheet sealed to the first side surface for
enclosing the cavities, wherein the supports are for
rotatably supporting the carriers about a
substantially common axis; a mouthpiece through which
to inhale an airstream carrying powder from the
carriers; a dispensing mechanism for releasing into
the airstream the powder of a respective pocket of a
supported carrier; and an indexing mechanism for
rotating the carriers relative to the dispensing
mechanism so as to enable powder to be released from
different pockets.13. A device according to claim 12
wherein: between consecutive dispensing of powder from
one of said carriers, the indexing mechanism is
operable to rotate both of said carriers relative to
the dispensing mechanism. 14. A device according to
claim 13 wherein: between consecutive dispensing of
powder fromthe other of said carriers, the indexing
mechanism is operable to rotate both of said carriers
relative to the dispensing mechanism. 15. A device
according to claim 12, 13 or 14 wherein: 



the dispensing mechanism is operable to release powder
from a pocket of each carrier for a single inhalation
of both respective powders simultaneously. 16. A
device according to claim 15 wherein: the dispensing
mechanism is operable to release powder from a pocket
of each carrier simultaneously. 17. A device according
to claim 12, 13 or 14 wherein: the dispensing
mechanism is operable to release powder from a pocket
of one of the carriers for inhalation then to release
powder from the other of the carriers for inhalation.
18. A device according to claim 15, 16 or 17 wherein:
the dispensing mechanism is operable to release powder
from a pocket of one carrier and from a pocket of the
other carrier consecutively. 19. A device according to
any one of claims 12 to 18 including two of said disc
shaped carriers respectively containing powder of
different medicament.20. A device according to claim
12 wherein: between consecutive dispensing of powder,
the indexing mechanism is operable to rotate one of
said carriers in turn between consecutive dispensing
positions before rotating the other of said carriers.
21. A device according to claim 12 or 20 wherein: the
dispensing mechanism and the indexing mechanism are
together operable to dispense the powder from all of
the pockets from one of said carriers before
dispensing powder from pockets of the other of said
carriers. 22. A device for dispensing individual doses
of powder from respective pockets of a carrier, the
device including: a first support for a first carrier
having first and second side surfaces opposite each
other, an array of cavities in which respective
pockets are formed and a first lidding sheet sealed to
the first side surface; a first prpdger member
moveable towards and away from the second side surface
of a supported first carrier between a retracted and
an extended position; a cam member adjacent to and
moveable generally parallel with the second side
surface of a supported carrier between a rest position
and a primed position; wherein the cam member has a
first cam surface for engaging with the first prodger
member such that movement of the cam member from the
rest position to the primed position moves the prodger
member from the retracted position to the extended
position so as to press on the second side surface of
a supported first carrier and outwardly rupture the
first lidding sheet of the supported first carrier.
23. A device according to claim 22 further including:
a second support for a second carrier having first and
second side surfaces opposite each other, an array of
cavities in whiclrrespective pockets are formed and a
first lidding sheet sealed to the first side surface,
the first and second carriers being supported with
respective second side surfaces facing each other;a
second prodger member moveable towards and away from
the second side surface of a supported second carrier
between a retracted and an extended position; wherein
the cam member has a second cam surface for engaging
with the second prodger member such that movement of
the cam member from the rest position to the primed
position moves the second prodger member from the
retracted position to the extended position so as to
press upon the second side surface of a supported
second carrier and outwardly rupture the first lidding
sheet of the supported second carrier. 24. A device
according to claim 23 further including: an indexing
mechanism for moving the first and second supports
relative to the first and second prodger members so as
to selectively align pockets of the carriers with
respective prodger members. 25. A device according to
claim 24 wherein: the indexing mechanism is arranged
such that, with one of the first and second prodger
members aligned with a respective pocket, the other of
the first and second prodger members is aligned
between respective pockets whereby movement of the cam
member from the rest position to the primed position
causes only the one of the first and second prodger
members to outwardly rupture the first lidding sheet
of the corresponding one of the first and second
carriers. 26. A device according to claim 25 wherein: 



cam member is moveable in a direction towards and away
from the second side surfaces of supported first and
second carriers such that, when the other of the first
and second prodger members is aligned between
respective pockets, movement of the cam member from
the rest position to the primed position and the
resulting engagement of the other of the first and
second prodger members with the corresponding cam
surfaces, causes the other of the first and second
prodger members to abut the corresponding second side
surface and the cam member to be moved towards the
corresponding one of the first and second carriers.27.
A device according to claim 24, 25 or 26 wherein: the
cam member is provided on a priming member moveable as
part of the the indexing mechanism. 28. A device
according to any one of claims 24 to 27 wherein: the
indexing mechanism is arranged such that, after the
first and second carriers have been indexed past all
of their respective pockets, the first and second
prodger members are both aligned between pockets of
respective carriers and, hence, provide resistance to
movement of the cam member. 29. A device according to
any one of claims 23 to 28 wherein: the cam member
includes an elongate flexible member having the first
and second cam surfaces on opposite sides. 30. A
device according to any one of claims 22 to 29
wherein: the first cam surface and/or the second cam
surface include at least one groove into which any
stray powder from previously dispensed pockets may
move. 3 1. A device according to any one of claims 22
to 30 for use with carriers having said cavities
formed from respective through holes between the first
and second side surfaces, having second lidding sheets
sealed to the second side surfaces and having a
respective cup-shaped insert in each cavity orientated
with an open portion facing the respective first
lidding sheet, wherein: the first prodger member
and/or second prodger member is arranged to penetrate
an aligned through-hole through a second lidding sheet
so as to push the corresponding insert outwardly
through the first lidding sheet. 32.  A device
according to any one of claims 22 to 3 1 wherein: at
least one of the cam surfaces is resiliency
deformable, the cam member being dimensioned so as to
move the prodger members beyond the extended position
such that, once a prodger member reaches its
respective extended position, furthermovement of the
cam member causes the at least one of the cam surfaces
to resiliently deform. 33. A device for dispensing
individual doses of powder from respective pockets of
a carrier, the device including: a chassis; a first
support mounted on the chassis for rotation about a
central axis and for supporting a first carrier having
cavities with respective pockets formed therein and
arranged in a circular array centred on the central
axis, the first support including an array of gear
teeth centred on the central axis; a priming member
mounted on the chassis for rotation about the central
axis; and an intermittent-motion mounted on the
chassis for interaction with the priming member and
gear teeth of the first support such that rotation of
the priming member from a first position to a second
position causes rotation of the first support by a
predetermined angle and rotation of the priming member
back from the second position to the first position
causes no rotation of the first support. 34. A device
according to claim 33, wherein the intermittent-motion
mechanism is a Geneva wheel rotatably mounted on the
chassis on an axis offset from the central axis. 35. A
device according to claim 34 further including: a
second support mounted on the chassis for rotation
about the central axis and for supporting a second
carrier having cavities with respective pockets formed
therein and arranged in a circular array centred on
the central axis, the second support including an
array of gear teeth centred on the central axis;
wherein the Geneva wheel may interact with the gear
teeth of the second support such that rotation of the
priming member from the first position to the second
position causes rotation of the second support by a
predetermined angle and rotation of thepriming member
back from the second position to the first position
causes no rotation of the second support. 



36. A device according to claim 35 wherein: the
respective arrays of gear teeth of the first and
second supports are incomplete circular arrays leaving
respective spaces such that, with a space positioned
adjacent the Geneva wheel, rotation of the priming
member will not rotate the respective supports. 37. A
device according to claim 36 further including: a
changeover component located between the first and
second supports, the first support having a.first
feature engaging with the changeover component and the
second support having a second feature for engaging
with the changeover component; wherein with the space
of the second support adjacent the Geneva wheel,
consecutive rotations of the priming member cause only
the first support to rotate until the first feature
engages the changeover component and then t o move the
changeover component so as to engage with the second
feature and rotate the second support to a position
with the space of the second support not adjacent the
Geneva wheel, the space of the first support then
being adjacent the Geneva wheel and consecutive
rotations of the priming member causing only the
second support to rotate. 38. A device according to
claim 37 wherein: the changeover component is arranged
SUGILthat, when the priming member rotates the second
support back around to the position with the space of
the second support adjacent the Geneva wheel, the
second feature does not engage with the changeover
component and consecutive rotations of the priming
member cause no rotation of either support. 39. A
device for dispensing individual doses of powder from
respective pockets of a carrier, the device
including:first and second supports rotatable about a
central axis and for supporting respective first and
second carriers having cavities with respective
pockets formed therein and arranged in respective
first and second circular arrays centred on the
central axis; a changeover component located between
the first and second supports, the first support
having a first feature for engaging with the
changeover component and the second support having a
second feature for engaging with the changeover
component; and an indexing mechanism arranged to
rotate each of the first and second supports; wherein
the indexing mechanism is arranged to rotate the first
support until the first feature engages the changeover
component such that the first support then moves the
changeover component, the changeover component being
arranged to then engage the second feature so as to
rotate the second support to a position from which the
indexing mechanism is arranged to rotate the second
support. 40. A device according to claim 39 wherein:
the changeover component rotates the second support
from a position at which the indexing mechanism does
not rotate the second support and, when the first
support moves the changeover component, the first
support moves to a position in which the indexing
mechanism does not rotate the first support. 4 1. A
device according to claim 40 wherein: when the second
support is rotated back around to the position at
which the indexing mechanism does not rotate the
second support, consecutive operations of the indexing
mechanism cause no rotation of either component. 42. A
device according to any one of claims 37 to 41
wherein: the changeover component is supported freely
between and by the first and second supports.43. A
device according to any one of claims 12 to 32 and 39
to 42 wherein: each support includes a peripheral
array of gear teeth; and the indexing mechanism is
engageable with the gear teeth so as selectively.to
move the supports and carriers. 44. A device according
to claim 43 wherein the indexing mechanism includes:
an priming member mounted for rotation about a central
axis; and an intermittent-motion mechanism, preferably
a Geneva wheel rotatably mounted on an axis offset
from the central axis, for interaction with the
priming member and gear teeth of the supports such
that rotation of the priming member from a first
position to a second position causes rotation of at
least one of the supports by a 



predetermined angle and rotation of the priming member
back from the second position causes no rotation of
the at least one of the supports. 45. A device
according to any one of claims 22 to 44 further
including a dose counter having: a first counter ring
having an indication of unit counts on a first display
surface, the first counter ring being rotatable about
a counter axis; a second counter ring having an
indication of tens counts on a second display surface,
the second counter ring being rotatable about the
counter axis; and an intermittent-motion mechanism,
preferably a Geneva mechanism, for driving the second
counter ring from the first counter ring and rotating
the second counter ring between consecutive tens
counts when the first counter ring rotates between two
predetermined consecutive unit counts. 46. A device
according to claim 45 wherein the first counter ring
is driven with rotation of the first support. 47. A
device according to claim 45 or 46 wherein the counter
axis is coaxial with the first support.48. A device
for dispensing individual doses of powder from
respective pockets of a carrier, the device including:
an indexing mechanism for indexing the carrier between
respective pockets; a first counter ring having an
indication of unit counts on a first display surface,
the first counter ring being rotatable about a counter
axis; a second counter ring having an indication of
tens counts on a second display surface, the second
counter ring being rotatable about the counter axis;
and an intermittent-motion mechanism for driving the
second counter ring from the first counter ring and
rotating the second counter ring between consecutive
tens counts when the first counter ring rotates
between two predetermined consecutive unit counts, the
first counter ring being driven with the indexing
mechanism. 49. A device according to claim 48 wherein
the intermittent-motion mechanism is a Geneva
mechanism. 50. A device according to claim 49 wherein:
the second counter ring is positioned within the first
counter ring, the first counter ring includes a pin
for engaging a Geneva wheel rotatable about an axis
offset from the counter axis and the second counter
ring includes features engageable by the Geneva wheel.
51. A device according to any one of claims 45 to 50
wherein: the first and second counter rings are
positioned one within the other, with the first and
second display surfaces adjacent each other. 52. A
device for dispensing individual doses of powder from
respective pockets of a carrier, the device including:
an indexing mechanism for indexing the carrier between
respective pockets; a first counter ring having an
indication of unit counts on a first display surface,
the first counter ring being rotatable about a counter
axis;a second counter ring having an indication of
tens counts on a second display surface, the second
counter ring being rotatable about the counter axis;
and a mechanism for rotating the second counter ring
between consecutive tens counts when the first counter
ring rotates between two predetermined consecutive
unit counts, the first counter ring being driven with
the indexing mechanism; wherein the first and second
counter rings are positioned one with the other, with
the first and second display surfaces adjacent each
other. 53. A device according to any preceding claim
housing at least one carrier. 


