.Ti tle: DI AGNOSTI C AND ‘THERAPE.UTI C EPI TOPE, AND TRANSGEN C PLANT Abst ract :
A met hod of -di agnosi ng coeliac disease, or susceptibility to cbapiil 2004
" di sease, ‘in an individual conprising : (a) con- tacti ng a sanple fromthe

" host with an ent sel ected from (i) the epitope conpri spagcReseEFe Whi ch
i s: SEQ‘VBONGP% . or an equival ent sequence froma naturaf'ﬁ .

occurring honol ogue of the gliadin represent ed by SEQ ID NO : 3, (| i) an
epi t ope conprising sequence corrprl sing : SEQID NO: 1, or an equival ent

sequence froma naturally occurring honol ogue of the gliadin repr esent.ed
by SEQ | D NOD1I&. N@ﬂ'ﬁﬂﬁl AND BHERALFART R ERHE. AN A B 28d from a-

i adi t | o G
ge: ﬁgl pegggnslsgdm‘%/:ﬂlé(%q{?%eq% a?qsgggaﬁcgargn%% alé’l);l \é\gg%(a'c)dwg?se(l ﬁdoewhl chin
. the case. of %é@ ?’I k&gmﬁygoﬂ&u@goe@g&s@aggn 50 am no acids in |ength,

-or (iv) a p conprising two or nore agents as defined in (i), (ii) or '
(iii), and (b) dgheffmutiergactionw gluzmhn {atretdyenert orfgmtgl)umtherﬁeetsame '

recogni se the agent; recog_él tion by the T cells |ndicat "Iﬂ[%ﬂ that the
individual besdiac diseass. dUis BY’PBEF%“?%‘“M%B?’F&% & BURER a8 apeut i ¢

t j whi ch do not
Caue coel | Beetr S AERE0 T pARIERAINTE, B0 8 AR by & ghfuaa vl < o no

rovi
transglutaminase. Coeliac disease is _dlagnosed by detection of anti-endomysial

antibodies, but this requires confirmation by the finding of a lymphocytic
‘inflammation in intestinal biopsies. Thé taking of such a biopsy-is inconvenient for
10 the patient. L ' B
Inv estigators have prevmusly assumed that only intestinal T cell response.s
~ provide an accurate mdxcatlon of the immune response against gliadins. Therefore
they have concentrated on the mvesucranon of T cell respopses in mtestmal tissue’.
- Gliadin epitopes 'Whlch requlre u'ausglutammase modification (before they are
- 15 recogmsed by the immune system) are known®.
The mventors have found the immunodominant T cell epltope recognised by
the immune system in. coehac d1sease and have shown that this is recogmsed by T |
cells in the peripheral blood of mdlwduals thh coeliac dxsease Such T cells were o
found to be present at high enou,,h frequencxes to be detectable without res’umulat}on o

20 (i.e. a ‘fresh response detection system could be used}. The epltope was identified
using a non-T cell cloping based method whmh prowded a more accurate reflection’
of the epitopes being recognised. The immunodominant epitope requu'cs
transglutaminase modification (causing substitution of a particular glutamine 1o
glutamate) before immune system rcpognition.

25 Based on this work the inventors have developed a test which can be used to
diaenose coeliac disease at an early stage. The test may be carried outon a sample
from peripheral blood and therefore an intestinal biopsy 1s 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
30 susceptibility to coeliac disease, in an individual comprising:

(a) contacting a sample from the host with an agent selected from (i) the



- WD 01/ 25793 PCT/ GB00O/ 03760 DI AGNOSTI C ANA THERAPEUTI C EPI TOPE AND - . = .. .

" TRANSGENI € PLANT The invention relates to the diagnosis and thlp@@posf .
“coeliac disease,  and to a gliadin protein which does not cause coeliacr e
di sease. An i mmune reaction-to gliadin (a conponent of gluten) in the diet. -~

‘causes CcOMP0¥E 8 sease. It is known that inrune responses HGH/EHE/03760 o
intestinal tissue preferentially respond to gliadin which has been -

- nodified by an intestinal. transglutam ra@se. Coeliac disease is diagnosed
by detection of anti-endonysial anti-bodies, but this requires confirmation..
by the findi agiteffe candpyiRivaGeyidance wihith iar8BQ IDNON dril| esid eqplivdlemnpsiqeace The -
~.taking of such a biopsy is inconvenient for: the patient. Investigators
have pr evi oulog asaturatly ocpring Apjpolagbe of thealiadingepresniadipn €S I ivide an

. accurate indication of the.immune response. agaj L.adi ns.. Therefore
they. have coRddih PR IUEAt Bavrntor LR D RP a8 cal AR

.

~intestinal .t gé@legée frord al RLIr P OEduARAShoMb 168 d aHE ERadih 26T eckitea by BIRE
nodi fication (before they are recogni sed by the inmune system are known.

 The i nvént or D MNOS, whichepiibee is mmuseddeholigopepideddrived fionbpgliedic poteised by -

‘the imune systemin coeljac diseasge, and . haye .shown that,thi,s is - :
recogni sed ,bi“—‘i’aﬂ ?@%-Wﬁﬁé?%‘?’ﬁ"ﬁﬁésr%ﬂ’? iﬁPgﬁﬁnéf‘?‘i"ﬁaﬁsﬁ BYJ&I'@GC\INA' th coeliac

di sease. Such, I, 6ell,8 dWEEAses (BRG] Wk iRAESERE ofh pBhiit SARKAL i ARMGECI €5

to be det ect‘geb%%t%\?m%{)%élgseegt(pw?g’i'on (1.e. a ‘Of r-gE% response'_ls detection - -
syst em coul duhe 3osatiho adideirclehgthper (nds proént comerdsing $wogr monoegehitscs| |

cl oni ng based net hod_which provided a-npre accurate ref,llee ti.on of the

epi topes bei Aginasipghi 86T (ithanf MATTIBHPRAS Ht VIER Wisber, ‘Efmsr”é ¢ sample .
transgl,ut am-nase nodificat | -GAlRI b b Qv 2 ARG M

~ gl ut anime t o ““GPUTEr etaé’?&b}eefq”g%ééﬁ?ﬁln?l%ﬁ%@g@%éﬁ@%co’gn?{ﬁhgn? Bl_a{sﬁg1 a%’nortl%i.s T
wor k theji__nvgﬁgcglstg)m&j{@ogg\t@maﬁd a test which can be used to di agnhose
~coeliac disease at an early stage. The test may be carried out on a sanple -
from peripheral biTbedovention plsp prayides ape phibe agemtspr HE FEPFILLRER 1 equi r ed.

‘The test i.s .nmore sensitive than the antibody. | 2 L €. Aty

bei ng-used. . ﬂ?@n?’?ﬂféﬂ?ﬁnﬁﬁort‘f‘fﬁén 6%63? odi:og 'd. a%é%lﬁ%fﬁ%@ﬂ%%%ﬁ%??ﬁg%ggﬁﬁc -
~di sease, o ;SUSGRPHIsBAdel flantifdiciRhi, 84 d HERAPGmpribigNddtoehivinguwtlether T = =
~conprising: (a) contacting a sanple fromthe host with an agent selected
-from (i2)5 t he cela>fh¢ BitF@ual recognise the agent, recognition by the T cells indicating that -

| the individual has, or is suécepﬁbie to, coeliac disease. ' _ |
The finding of an immunodominant epitope which is modified by -
transglﬁtaniinase:al,so allows diagnosis of coeliac disease bgsed'on determining -

. ~ whether other types of immune response to this epitdpe"are present. Thus the

. 20  invention also provides a method of diagnosing coeliac disease, or susceptibility to

o

- coeliac disease, in an individual comprising détennjnjng the presence of an antibody.
| that bind.s to the -é;;itopé in a sample from the individual, the presénée of the a.ntibody
'it\dicaﬁng that the individual has, or is susceptible to, c;oeliac disease. o
The .invention additionally provides the agent, opﬁoﬁ_;ally in assoéiaﬁé)n with a
K ‘25 T cairier, foruseina méthod -of tfeat'mg or prev.er'lfingboeliac': disease b.y tqlerising T, |
" cells Which'reéognise the agent. Also provided is an antagonist Qf a T cell which has’
“a T cell receptor that récognises @)or (ii); opﬁoﬁallyin association with a parrier, er |
‘use in 2 method of treating or préventing coeliac disease by é.ntaéoﬁising such T |
cells. Additionally provided is the agent-or an analogue that binds an antibody (that
-' 30  binds thé agent) for use in a method of treatiﬁg or prévcnting. coeliac dise_ase In an

" individual by tolerising the individual to pré\-zent the production of such an antibody.



. -2- PCT/ GB00/ 03760 epitope conprising sequence which is: SEQ 1D NO 1. or.
-2, or an equivalent sequence froma naturally occurring hormlbgpelzmm he
gliadin represent ed by. SEQID NG 3, (ii) an epitope conprising sequence
conprisin SEQ ID NO I, or an equival ent - sequence fro

occurriny ﬁiﬂ”égue of the gliadin represented by SEQ . "}gﬂl@o@oﬁ\ﬁ%l ch
epitope is anisol ated ol igopeptide derived froma gliadin prote| n, (iii)
an anal ogue-of (i) or (ii) which is capible of being recognised hy a T cell
receptor that recognises (i) or (ii), which in-the case of a_peptide '
anal ogue i s not Therneventinaprdddessmethod plidetérmipiag Fibgthepa 0{’@99’31'%9%80duct

corrpr|S|ngtwo or _nore a nts as -defined,in ||| nd(b).'
det er mi ni ngapable Pt ?%‘S\Rﬁég disea3q ?Oénﬁrﬁmtqpe@t%ﬁlﬁﬁ)‘%ew&%% & ELgfg;eent _
recogni tion th PGk dAge IhAl prindised Ig&raé agmme@r i's
-suscepti bl efit%émgcrg%cﬁl g(gt%?sease The ?nven%lfggn al so pr ovides use of the
agent for thgvPlsqpasest inabe ocimposuhcmgttmspresena:aeﬁrthe protein snsli¢ating theethieod of.

di agnosi ng coel i ac disease, . susgepél bility to coeliac disease, in an
i ndi vi Bual , comgioditivetiherpaels ol Pil‘ﬁ%fgcqr #ef§3F-ng whet her T cells of the

i ndi vidual . r ec ni See&h%% g{r}gwdéf%&g%{ é@%aﬁ?ac&g.‘”}éﬁfﬁ’hgﬁ?w' cating that

‘t-he i ndi vi dual WEFHS “suscept | e. finding of
an i munodogg {]@&E cgtpb& &r@eﬁWﬂlhymﬂr&sghdﬁm&é thy seqlreacestylamoenmmasm al so-

al l ows di- agn§S| s of coeliac disease based qn determ nin whet her ot her -
types of i nepitope mpomﬁsﬁ%‘e@‘rﬁﬁ defipedghovartat pyhachamptantglind Rteln bfent i on
al so_provi des 2, JRRAPE Akn ALAGIRR e 861 il 2R3 wilbh SAPEARbAREL I Y Lo

coel i ac di sE%fé‘én al” conpri sing ermning the presence of
an angighadyy, a;ulagg ohithRAdhsé B ié@u&metmmeompneesssaﬁmmeﬁxmpmcbﬂnpmmgh vi dual ,
- the presence 0 e anti body indicating that the in d,1 E or is
suscepti bl esécpnena:eoeta&@gluﬁ@@é@éc amEtanh Bﬁ?"%éﬁhﬂ-“r ﬁ&r 395 8r 3F s the

agent, optional ci ation I t hod. of .
" treating or 3pfe taflﬂé"%écgleﬂr%oéjsa? %g@gg%é@ﬁ%#%%eg? %n%dlpéa %ll ?a\%l ch-
‘recogni se the agefk inyahfith %@ﬁf&%gl@r@t&n&ﬂﬁe@m@tms ofeqacibeodlich jskibleh has-
.a T cell receptor that recognises (i) or (ii), optionally- in associ-ation
Wi th a. carrigbindfion T eellaciepta, beChadC&HfreQWtrﬁmﬂePs theagemt IgVRER | | ac
di sease by antagonjsing such T,' onally - t he agent
or an Ehal ogeeueppis abletaSa%y %%P%W%ﬁﬁﬁgf {h ?ﬁéestsﬁgﬁ g‘fe(%? qe?egﬁj use in a
- method of treati f}%j ﬁi?‘é@éh&nh@rﬂm‘ﬁ%ﬁbﬁé& Qfo%&@]?z& chbpAgesi Mtdm*aief@yd
tolerising the in VI revent the productlon of such an antrbody. 1
Apr|I 2004 ay;g,pllz 793" PCT/. GBOO/ 03760 ' ' '

- The invention is illustrated by the accompanymo drawings in which:

Figure 1 shows freshly 1solated PBMC (peripheral blood mononuclea.t cell)
i 20 ~ IFNy ELISPOT Tesponses (vertleal EDGS shows spot formmo cells per 10° PBMC) no
. transglutaminasé (tTG)-treated and untreated pepude p001 3 (each pepude 10 pa/ml)
including five overlapping 15mers spanning A-gliadin 51-85 (see Table 1) and 2-
- chymotrypsin-digested ghadm (40 palml) in coeliac disease Subject 1, initially in .
remission. following a gluten free dxet then challenged with 200g bread daﬂy for three
25 days from day 1 (a). PBMC IFNy ELISPOT responses by Subject 2 {0 tTG-treated‘
| A-gliadin peptide pools. 1-10 spanning the complete A-gliadin protein dufino ten day
bread challenge (b). The horizontal axis shows days after commencing bread.
Figure 2 shows PBMC IFNy ELISPOT responses to tTG-treated peptide pool
3 (spanming A—ghadm 51- 85) in 7 individual coeliac disease subjects (vertical axis
30 shows spot formmo cells per 106 PBMC), 1n1t1a11y in remission on gluten free diet,
challenged with bread for three days (days 1 to 3). The horizontal axis shows days



-3 The |nvent|on prOV|des a nethod of detern1n|ng whet her . a conp05|t|on
~is  capabl e of causing coellac di sease conpri sing detern1n|ng WAptll2904a T
protein capabl e of being nodi fi ed by a transgl utami nase to an ol i gopeptide -

- sequence as defined above is present in the conposition, the presence of .-
't he proteiwoisndi®ati ng that the conposi tion. is capable of q&n&gﬂ@mﬁQQ|laC

“disease. The invention also provides a mutant gliadin protein whose
wi-l d-type sequence can.- be nodified by a jransglutam nase to a sequence .
that conprises an epitope conprising seqtience as defined above but - whi ch

~mutant gli adi rote| n_.ha n,such a t does not- .
Tonal n®bequenebiaimene I8 et bR AR TRCHS Bubity etb0rd M Bed o Senutmee

that conprisgges ﬁﬁﬁ&'pﬁﬁ@esﬁﬁﬁﬁdéd&h%ol3%9&9&'1%{3&@&11’(%&@(35:[%%@012 of such

a mutant gliadin. pr otein ich is. at T'east’ 15 am no acids ‘long ‘and which

-conpri ses Seqespnose tmhnd:hldhalgpepeéms (1D glicfiB dhn 6 1€ cetipaldineaye suliects owdnt 6on” al so.
Per) f ecept bf (Bhniifipdy @@?%'@%@ ST tEeraio phaidy BTl b T

equence i T; ri-e chaTceII”
. sequ g 1S g l’e%}p&ﬂse %dh%nkﬁﬁg@'lsmgh&mb @Jeve ! t'ﬁ; I-es su

receptor. ona ntion provides a foo t .conprises -t he
proteins defined &b@tes shiwes PBW[FMELEPG)TU@@DM&)M trefediooodgBiany i Ng
drawi ngs in re-1 shows freshly .isol ated PBMC (£er| pheral bl ood

" nononucl ear @ﬁﬁl’&hadiﬂFﬁg@I@ Spdf) ¢ Baparriessnt the meandft SEM) 1 ShHeslscalisese -

it reabed” pepti G VB0 R oot PSR YL PR LT R o CRUH: B

over | appi ng ;éggﬁ@ &@ﬁg@bﬁgnyﬁogbegéptfdeﬁes&a)(see Table 1) and a- .
_ chyrmt rypsin-digested gliadin (40 .g/nl) in coeli ac di sease Subj ect -1,

initialfPy in reniFizirod shows bQWﬁlge@rgm sructre of fliedo O W tH .) .

oy S et Sy a%‘?éca %325@% ER R el b QMR o
conplete A-glipd Ty duIdiRginteRlsHiqY), Rhead saha EJ SIS withour fTE '

- horizontal axi's shows ys af ter - comenci ng bread. Figure 2 shows PBMC | FNI
ELI SPOT r es puestesent butt With thesubsitutpa@+B65 (gjolEach lips pepresicntg PRMCilBbign 51- 85)

cell's per 10BTHERBY refinitsi ?%SF oﬁ%x’sﬁn&éemﬁ%%#%?&w%# G 8 et $08hal L engeq
- \th’ |h| bggad f e(slﬁ a%%s%geﬁ S%T / 00 3 gpa?éhm{m stgkdid %mﬁo%s%oﬁ;@%erg ays 1
calculated as a % of the response elicited by the 17mer, A-ghadm 57-73)

Figure 5 shows the amino amds which were deamidated by tTG. A-gliadin
56-75 (LQLQPFPQPQLPYPQPQSFP) (0.1 pM) was incubated with tTG (50 pg/ml)
at 37°C for 2 hours. A single product was identified and purified by reverse phase

20 HPLC. Amino acid andlysis allowed % deamidation (Q-E) of each Gln residue in

N

A-gliadin 56-75 attnbutable 10 tTG to be calculated (vertlcal axis).

Figure 6 shows the effect of substituting Q -Ein A-ghadm 57-73 at other
posi‘uons in addition to Q65 using the 17mers: QLQPFPQPELPYPQPES (E57,65), -
QLQPFPQPELPYPQPES (E65, 72), ELQPFPQPELPYPQPES. (ES'T 65, 72), and

25 QLQPFPQPELPYPQPQS (EGS) in three Coeliac: dlS&B.SS subjects on day 6or7 after
bread -was moested on days 1-3. Vertical axis shows: %, of the E65 response.

Figure 7 shows that tTG treated A-gliadin 56-’75 (0.1 uM) elicited. IFN
ELISPOT responses in (a) CD4 and CD$ magnetic bead depleted PBMC. (Ba.rs
represent CD4 depleted PBMC responses as a % of CD8 depleted PBMC responses;

30 . spotforming cells per million CD8 depleted PBMC were: Subject 4: 29, and Subject
6: 535). (b) PBMC IFNy ELISPOT responses (spot forming cells/million PBMC)



after. commenci ng ‘br ead. (a) .' PBMC | FNg El i spot responses to t‘TG—treaitjed'
over | appi ng 15mer peptides included. in pool 3; bars represent!Apd208dn . (
" SEM) response to individual peptides (10 ug/m) in 6 Coeliac .dis ease. subj

" ects on day 6 or 7(b). (In individual. subjects, ELISP @?9 to
pept i deswWei@3¥al cul ated as.a % of response elicited b;?;%% @&%‘@ as

shown by-the vertical axis.) Figure.3 shows PBMC | FNy 'ELI SPOT responSes to
t TGtreated truncations of A-gliadin56375 (0.1 uM . Bars represent the -

mean (f SE in 5 Coeliac disease subjects I n _individual bj L :
respoﬁlses wﬁwmbmdnawwmQOGIhéﬂ%l@bgql%éo#@é‘%@é@b}oﬁa(@bjﬁgg by any
of the peptides teste Fi sho oYK L of the ..
dom nan!tO 2\ 13 égﬁ%ﬂ)}é ﬂ%@tﬁg gi‘sdués&' thﬁk‘;‘fr{qt)reat eﬁéﬁg}1 Hgirsrega{rsgA-gl i-adi n

peptides (O, dbm}mA.g@Meog@l bmpv (A-gliadin 62-68)
(a), -and th%ujb %I}r?eﬂ g’gép#i’desowthout t TG treatment but with the substitution

Q E65 (b) - Each p;gn&samvmneﬁemmbsms S mxtmﬁéﬁs@@eﬁ amiggch of =
three Coeliac di sease-subjects on. da 7 fter ed on
days 1-83. ( keid§ mdbwmmami%il@ epito ﬂ%ﬁ o V\Pegpéﬂn%ﬁ‘e‘ﬁ&ed as a

% of the regpans din 57 73) Figure 5 shows
the am no ag 8@ ‘%ﬁ Iﬁfa\kl/te;’rggo%}éam dat e%hy t%ﬂob%gl i adi.n 56-75

- (LQLQPFPQPQL PYP@@F@ sk@wslihi Mhmmasrehctouy af @drvillyroccGogBhadin peptidest 37 C
for 2 hours. A single product was |ds§nt|f| ed and puri 9 g,ﬁ; \éﬁrse phase

'HPLC. Ani no (meastring sdspenses EPPGEwien @Qﬁhﬁ%%féeﬁie%? 8% Eh residue
in A-gliadin.b 5 attrib ulated (vertical axis).
Figure 6 shé%@g?‘ﬁémg P@&Q@%&?@:&%@lﬁe E HH‘PA-gI iadin 57-73 at ot her-

~positipons in addg%_ﬁg ggh SCHRI Pt eéa&én%ecﬁg@ﬁﬁ&@&gyﬁ@%Eﬁ(ES? 65),
Q_QDFP'EQJELPYPQDE 5 . ELQPFPJPELPYPQPES (B57, 65 72) and

QL QPFPQPEL PYREREE: 5§s&aphem bhbémc@romhalmdeM@a twgopelmu biscta &y3ags or

after bread was ingested on days 1-3. Vertical _axis sho of the E65
‘response. Fiafter eorﬁxnsm&\sglﬁlh%tChﬁﬁ@gterf%%‘t"é"d! by ‘&ngfﬁnng%‘gmigi #01 'R

elicited-1FN-g (@E%, QQ%Q:]'\&HaJdﬁ} oad :
depl et ed. PBI\.@adl‘ngj g@(gg?%%gﬁﬁgbé?%e %te I%%%Esfgﬁponses as. Cg % of CD8 .-
depl et ed PBI\% os;a nﬂpweﬂcmgectgldnsgaer m|lion CD8-depleted PBMC

- were: "Subj ec ‘2( 29 an Subj ect .6: 535).. (b) PBI\/C | FNy ELI SPOT responses
~ (spot fierming celfigtrei 1l shows Bempyinal Aselljepiorrdensth. wo 41125793 L

- PCT/ GB00/ 03760 - 5F1gure 12 shows 2 comparison of A-ghadm 57~ 7: QE65 with other pepndes

in a dose response study. ‘ ,
Figure 13 shows a comparison of ghadm and A-ghadm 57—73 QE65 spec:ﬁc

o responses ‘ ,
20 Figure 14 shows the bmacﬁwty of ghadm polymorphlsms in coehac subjects.
| " Figures 15 and 16 show the defining of the core epitope sequence.
Fxgures 17 to 27 show the agonist actwrcy of A-gliadin 57-73 QE65 variants.

F1gure 28 shows responses in different patient groups.

25 Detailed description of the invention

The term ‘coeliac disease’ encompasses a s_pectrnm 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.

30 The individual mentioned above (in the context of diagnosis or therapy) ts

human. They may have coeliac disease (symptomatic or asymptomatic) or be



‘after incubation with monoclonal antibodies to HLA-DR (L243), -DQ (L2) "and .~ .
-DP - (87121) (10 gg/m) 1h prior to tTGtreated 56-75 (0.1 |i MApH 2004
- coeliac disease subjects hompzygous forHLA-DQ al *0501, bl *020.1. ‘Figure 8 ..
“"shows the effect of substituting Au at p03|t|on 65 for other amino acids -

i'n-the.immwedesisiant epitope. The vertical axis.shows the PGT/GBPIOEIE) i N _
“the 3-subjects in relation to the i:munodoni nant "epitope. Figure 9 shows’
"~ the i munoreactivity of naturally occurrigg gliadin peptides  (neasuring. - '
responses from 3 subjects) whi ch contain the sequence PQLPY with' (shaded)'

and w t hout %&Leo otfﬁn%ﬁg'n“t eﬁa@%é%ng glgeatﬁeeﬁheu %Qla%fmﬁ te CD4, -

(37i and c -specific i munonmagnet e l'etion © eriphera ood : -
nononucl ear Ghbiesefponase (fopexagle drysnbj ImEeoaxadalyﬁaseabﬁﬁmve@mngesm@ gl uten
chal-l enge followed by interferon gamm ELISpot. A- gliadin 57-73 65 '
(25ncg/ ), mmwépéetéﬁpﬁwwﬁgwheﬁhg@etwlgqepaauarglwtﬁeéreeﬁegf%)4fer PPD
(10 ncg/m ) &%rde ésed as antigen. Figure 11 shows the optinmal T cell

epi tope | eng i gures 15 and 16 show the defining of the core epitope

sequences Fi gur es Thé ih@vRiGtabRaYbE BecagiE &f cRBhE iséade, Ghckhagh badhia 57- 73
'QE65 variants. Figure 28 shows responses in di f ferent patient. groups.

- Detai | ed descnsgepiimtitiofdetemmined feneiagplahe thedndividvaldiaving rélatiaswith coeliac
.-enconpasses a spect rum of. .condi ti,o caus n of gluten
D i S R A R L R S S

i ntestinal nucosa (hyperplastic villous atrophy) . and other forns

characterised by mlder symjtoms.- The i ndi vi dual nentioned above (in the
‘context of diTgnresits or therapy) s - human. They may have coeliac di sease

Sy o S L S SR B e A S =
13 shows a _corrgnagsl {% RQ'IS&%@&%%&%&'&% 57 73 QE65 specific-
r 473

“responses.. |gure ows -t loactivity-of gliadin polynorphisns in

. ‘coeliac. sub] ect s.SRADI0 N3 19BQPELPRT/ SIRYEHAYFAAs WHYPQBQBQJ it.
-.'They i be OSrll-ECEle lN% %rls El{o?wen gll 'Fa?ble il'gg 18 ﬂgg %'qugnée%f %r\]wha(ie A-gliadin. The _
'crluta.mate at position 4 of SEQ ]D NO:1 _(equwa.lent to position 9 of SEQ D NO.Z) . -
15 1s generated by transglutaminase treatment of A-gliadin. ‘ : —
| The agent may be the peptide represented by SEQ D NO lor 2 or an epxtope
.corﬁpnsmg sequenc_e that comprises SEQ ID NO:1 which is aniwolated ohgopepnde
derived from a gliadin protein;‘ or an equi\falerit of these sequenees from a haturlally
occurring gliadin protem wlnch isa homolooue of SEQ ID NO:3. Thus the epitope .
_. éO' R may be a derivative of the protem represented by SEQID NO:3. Sucha derivative is
typlcally a fragment of the ghadm, or a mutated derivative of the whole protein or )
o fraoment ' Therefore the epltope of the mventxon does pot include ﬂllS naturally
occum.ng whole gliadin protein, and does not include other whole na.turally occurring
_ gliadips.. o : _ .
25" - The epitope may thus be.a fragment of A-gliadin (e.g. SEQ' ID NQO: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
30 positions 55 to 70, 58 t0 73, 61 t0 770f SEQ ID NO:3 shown in Table 1. Typwajly

such fragments will be recoomsed by T cells to at Jeast the same extent that the



phase response (for exanple they may have coeliac di sease, but have only
_ingested. gluten in the'last 24 hours before which. they had bdwn200d4a
- gluten free diet for 14 to 28 days). The individual rmay be susceptible to
coel i ac di sease, such as a genetic susceptibility (detekrpm exanpl e
by the i M WAER having relatives with coeliac disease%g?nggg@géging
genes. whi ch cause predisposition to coeliac disease). The agent The agent
is typically a peptide, for exanple of7tength 7 to .50 amino_acids, such
~as.10 to 40, or 15 to 30 amino acids in |length, ID NO 1 is PQPELPY.

.. SEQ
SEQ | D NO. BepiideQ GREeqrE bP WEQPEENO: bprg pp IROZIEE 11 RS #58%ble . 1 and -
I s.the sequence of a whole A-gli.adin. .Th%. B%I u%@ e at position 4 of SEQ
ID NO 1 (eéeﬁcﬁl&?@ﬁﬁfe@d‘sb‘&ﬁaﬁpgeﬁf@%fo% PBEREFDT ™ 's generated by .

tr ansgl utam nasi‘&g{ e%ﬁﬂ%ﬂ&re@ﬁe %‘itgbé adthprises a Fdheagedtuivibant fethe Rboyeept i de
represented by N 11 or or an epitope conprising sequence that
conpri ses %E@,ﬁ,d@(hﬁuﬁmgﬁrzgmdnﬁ)mm zotter gadih pres fe- oy ddhs $iedi® rom a
gliadin protein; or an equival ent of .these sequences .fr atural ly
occur rsng girdtadis mgntered BeréiR O ALY @Wdﬁq}%@ﬂ%eﬁ&éﬁémfa%%% Thus the :
epi tope may be a derjvatiy QL 2l € B £ SR @ frotin §pRalP NO: 3. Such
a derivati \F@u’ivéﬁmg @e&u%rgﬁte% ié‘%ée‘%?% ﬁ%d;i{o%o@ he gl i adin, gror aﬁlrgu% a'? ed -
derivative safddBaiany or filg) with tansghitaagmeat Suchiegnivhisrepsphdessgittispe of t he

i nvention does not include this natural oceurrin 0 inadin -
proteiii, afeterooes hyoalignig theteayeness °%¥@%§M%ﬂ’§ V\é\@%%ﬁ??ir?g 5 adi ns.
The epitope _may thus be.a fr AErfohafihdeind - BransdiiatBabis3) , whi ch,
conpri ses t (r %wg%%%%y%ﬁ‘%%oﬁslﬁngﬁ gtigﬂrllégf)ll 2_ by treating. _(sf ully or
parti-ahly) MhhbrdARneadaslaiasiena T-5898iTablel pRvidss orammesofgniiellfi . nes

substituted .to glufamates (including the substitution within SEQ ID NO
-1). Such freagreits sequeness: or may i ncl ude -t he sequences represented by

positions 55 to %ga ggrgﬁt?v gi;ﬁ? ﬁ%‘gﬁ&’ﬂus &ha Etgé)\;,gnggc%oﬁb%amciabl e 1.

Typi cal l.y such recognrse ,T cell's to at |east the

same extent ﬁt@tg AI%% isks APEI (i) 2 PR ME GeOBFOBhdnEhé CRIEe 37 8lepepli des.
represent ed by % D ?\Igpl dor) 2'_.are‘r%eg) nised in an f)f t he assays:
descri bed ‘hegliiin thisprespnsanpiiess (1), ayniedls] ﬁt:mcﬂl%éf&%"é‘c%a TSN | n the case

Wh_e re 1t5he _egi‘e;[sgrﬁ'emgct%ﬁp(ﬁ%? fsu?:h Sasegn%eor}crﬁe Eﬂkﬂs \ﬁ?gn?lgﬂedt }ﬂsret.iﬂf t}?e%‘é.ﬁague |
' | inhibits the recognition of (i) or (ii), i.e. the apalogde is able to compete with (i) or |
(it) in such a system. ' o o | B '. |
| The analogﬁe may be one which is capable of binding the TCR which -
fécdgnisi':s (i) or (if). Such binding can be tested by étandaxd techniques. Such TCRs
| 2b | can be isolated from T cells which have been shown to, recognise (i) or (1) (e.g: us'mg :
. 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 1o 2 substz;nce that binds the analogue, e.g. an antiboﬂjr to the analogue.
Typically the analogue is bound to a class II MﬂC molecule (e.g. HLA-DQZ) in such
25 an inhibition of binding assay. )
| Typicaﬁy the analogue inhibits the binding of () or (i) 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 'bécause the analogue is é'ble to bind the TCR and therefore
competes with (1) or (i) for b'mdi.ng 1o the TCR. ,
30 T celis 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 verntion.



- epi topes (including fragrrents) from anot her gliadin protein (€.g. any.of -
" the gliadin proteins mentioned herein or- any gliadins whi ch cd kl,ﬂl@@@‘h ac
‘disease), such equivalent sequences will correspond to a fragnment of a,
gliadin protein typically treated (partially or fully) with
~transgl ut sSuch equival ent peptides can be determ ni ng
"t he seque?]‘gggﬁ%?f other gliadin proteins with SEQ ID NO 3 Eﬁ%r’eé?(@dr%g
. using any. of the prograns mentioned herei n). Transglutam nase is - ,
comercially available (e.g. Signma T-5398%=. Table 4 provides exanpl es of '
sui t abl'e. equi val ent sequences. The agent which is an anal'ogue is capable - of
- bei ng recogniQsber tbydla TIoRactofsLicn Ofﬁwcﬁglnloges lr(aw)alsorbe(the yaridey @f ar(@),geder al | y

“when the anal ogue is. added to T.. eII int ceofO or (ii
typically al: |tﬁplt°?|l@ %Pé%%‘?é‘ée F?“BEHE%& qqg,leexélppo Fﬁﬁé)th??such as -

Bty oL s e avin
“such a system(ﬂ)bmdmmb arglulmsrta.ydlhgoﬁ@ombl)ahsmd: aapadiee of binding the TCR .
“which recogni'ses (i) or (ii). h binding can be tested by standard - '

t echni qies. Such alé&‘he Eéyﬁ’lﬁ%}fa% E%PLTdFo%ﬂFa}téWeshomﬂl‘éﬁ W&b@)l@ééﬁﬂ shown

- to recogni se (] n

._Dem)nstratlorﬁj(ﬁl%ﬂ&r *Qﬁf’ﬁé‘g”@@r‘{egﬁ’%%% g%m‘t% @hgélp otr%éﬁ shown by
- determ ning whsbhesy mhe(le'ﬁﬂm)lﬂohbvmrﬁplé l@eerba REigADbrat leh&ta 5 rﬁ&%'(ﬁ&giﬂehsttﬁe a
subst ance that binds the anal ogue, é an antrbody to t he anal ogue.

‘Typical ly- t henferﬁa{m@mef the awaa@le aer @ ards), lor 2Macs holregion @h@cé: qgntadtsAhOR)

U e AR e
(ii) which cg fbtahrh@uwx@glﬂa@awen léabﬂrnnﬁ‘ﬂﬁeeé}@%cpﬁ ﬂlﬂse@ﬂ@ér@t%@by%ose%?glﬁﬁsed )

- This i-s because the analogue.is able to-bind the TCR and therefore
“‘conpetes wi t.n thejarighat(inithe Frosenbromrtexighemolopy isST@RTatekdl theftwsiswf emim t he

above bi-ndi- ng ts .can %e ol at,, d fromg Bents “with coeliac. -
di sease, for ‘é‘géﬁﬁﬂ PiFHRRE T rdecgp atsh the invention. 1 April
12004 WO 01/ 25793 RO 6XaB004 %WG@G%E tﬂr&ﬂa EE@'S%‘{W !ro?ér%rﬁsmﬂémt he-

anal ogue nmay al so be the sane as (i) an t hus typlc ly t
anal ogué bi nds bousedeo salueiatetl—l’@mﬂlcag;s(fbﬂ exmi;ﬂcuied olndtsvdeifanilt deftngspept i de

ok ) Birabiie! NP Rub s dessir g, B1ST95). doe BICRORRAb0d: o5

. - BLAST algonthms can be used to calcunlate homolocy or line up sequences (typically

 on their default settings), for example as described in Altschul S. F.(1993) I Mol
" Evol 36:290- 300; Altschul, S,Fetal (1990) I Mol Biol 215: 403 10. _
_ ~ Software for performing BLAST analyses is publicly available through the
20 Nanonal Center for Blotechnology-lnformanon {bttg [rerwrw nebi nlm nih.gov/),
' This aloonthm mvo[ves first 1de:nt1fyn:1cr hlgh scoring sequence pair (HSPs) by
identifying short words of 1ength W in the query sequen ce that either match or sa.USfy
some positive-valued threshold score T when aligned with a word o_f the same lepgth
 inadatabase sequence. T is referred to as the neighbourhodd word score threshold
25 (Altschul’ et al, supra).- These uunal netghbourhood word hits act as seeds foi'

. initiating searches to find HSPs containing ﬂle;:n.' The word hits are extended in both
directions along each ‘seqi.lence for as far as the tmmulative aiignﬁaent s'cc-ure canbe .
'mcreased Extensions for the word hits in each direction are halted when: the
cumulauve allo-nment score falls off by the quantity X from its maximum achieved

30 ‘value the cumulative score goes to zero.or below, due to the accumulation of one or

more negative-scoring resldue allgnmentS‘, or the end of either sequence is reached.



The anal ogue is typically a peptide. It may have honology with (i) -or (ii),
. typi.cally at |east 70% honol ogy, preferably at |east 80, 90% '08pgl 20044 or

. 99% honology with (i) or. (ii), for exanple over a region of at least ' 15
-nore (such as_the entire.length of the anal ogue and/ or ] i), or
‘acr oss t'ﬁ’g Orléﬁfggn whi ch contacts the. TCR or binds the Mgg%lncﬁogféﬁﬁae) .
contiguous am no acids. Methods of mneasuring protein honol ogy are well -
"known in the art and it will "be -understood by those of skill in 'the art
-that in the present context, honology is cal culated on the basis of am no
aci d i dent ifh ¥ HiSOMELILBBS fiekees WOTasd adeantiarnleagivityad spaaigfl e t he-

- UWNGCG Package provi dés the BESTFI'T program which can be used to cal culate
honol ogy ( figs alipnarent. eThesRHASH programafendstdefailts iarmesy lqomi @V behd letheat (1954)

Nucl.ei ¢ Acids Research 12, p387-395). The PIL BLAST .al,goyi thns can
. be usedrtoﬁi@%%@éc‘?w&%v %?ﬁ#ﬂéﬁ%_ﬂ%%ﬁ&%‘gﬁé?%}ﬁr%%ﬁﬁ? A%ﬁ{ their '
defaul t setdings) sof Qo182 : | bofh, EpeMaiing B of30, M=% £893) 7 Mol
Evol 36: 29055%33%9"1R?-t‘?c?ﬁﬁfﬁjﬁggéj)ea%@?@?‘??%’lggoy ?pl\/bal Bito%jlv-215:40 -10.
Sof twage f oidRabipatidnoBlodsdirardal yses is publicly available through the '
National Center for_ Biotechngl ogy .infornati. WSJgté’talE l..www. nchi . nl m ni h. gov -
Thi s al gorit hm i Fheddha8T pigosithm gederis s WHF% Phieslidfi¥e pair (HSPs)
by ;identifying shor r Le Wi ' Yre€queNaead Iyl either
~match or s qt%gv.mggé%ﬁ%ggﬁff%%?vg?ﬂ% tt‘fpggssﬁgl(gg?gore T when al'igned with
“a word of thessprestEIEh O Redatedfannilaiypendded b the BLAST dlgerithe as t he
- nei ghbour hood word score threshold_ (Al tschul' et Lﬁqk supr.a) .. These
initial neiighizosmailesicumppebatiy GD)ayhish ary 1S PN AP %Sear ches to
find HSPs confai.ni. t T i BXLENIRE akfd Retddcedb@gt i ons
al ong&ach g@h%@ﬁ'é’g%f%$%§§qia@1%\%&t n%}nlﬁ{eg%l?%élegﬁi griarrent@sscg?e can be -
sincreased. Exlepsipmse! Por dhgpigadeduehse isnossiddredisinslr fomothepsémakrasd when: -
~the cunmul ative alignnent score-falls off by the quantity ﬁwfr(jmits maxi mum -
~achi eved valfube stalkestawmprbrbiitsiasempgows o sheBrsbsedypnqsdp Bk e to the

end of i t narbeagS e el 3P gulch B IR R G AR e " asr
~al gorithm p%%%%ﬁ&ﬁo%g:@ggprgfdﬂﬁ]ﬁ[@ﬂl@ﬂhb:ﬁitmi tivity-and speed of the

al i gnnent . AST programuses as defaults a word length. (W of 11, the
BLOSUMBZ scor i ng Thabomwlogeespenside koglegues iy meatividfier f{@EQ@SPr ﬁf)g’é'.la?da%ﬂ

R A AP 10010 LTI L P AP AP bl 101
| " These mutatioﬁ may be measured across any of the regions mentioned above in
" relationto éalcﬁlating homology. The substitutions are preferably ‘conservative’.
"These are defined according to the following Table. Amino acid; in the same bloék
20 | in the second column and preferably in the-same line in the third column may be

substituted for each other:

ALIPBATIC Non-polar - GAP
| ' 1LV

Polar - unc;,harged CSTM
NQ-

Polar - charged |pE
| KR

AROMATIC - HEWY

25

Typically the amino acids in the analogue at the equivalent positions 1o amino

. Aced



"The BLAST al.gorithm perforns a stati stlcal anal ysis of the sinilari
- bet'ween tvvo sequences; see e.g., Karlin: and Al t schul (1993) . P‘r‘ﬁ%”'zﬁé‘ffl
"Acad. Sci. USA 90: 5873-5787. One neasure of simil arity provided by the
_BLAST algorithm is the smallest sumprobability (P(N)), which provides an

~i'ndi cat i ORy@gfy/44%8s Probability by which a match between two praghgmisag OF
~am no aci d ‘'sequences woul d occur by chance- .For exanple, as equenoe is

~considered sinilar to another sequence if .the small est -sum probability i n .
- conpari son of the first sequence to thek@ctond sequence is |ess than about
"1, preferably less than about 0.1, nofe preferably |less than about_ O0.01, :
~and npst preimsabl(g) orée)swmhr@oamutetoboollngﬂnhé\ﬂi&mologéa@r peegesngasibleal ogues

typlcallyd from

mutations ( rﬁﬁ%ﬁ”ﬁé ‘L%é]t (#éﬁ’ %%%hc SABESf F‘oencé)hf)?_b‘?%gerZi oﬁs;)r 'rltﬁrege

~mutation may be ﬂgdme%eegueﬁepueé cbABriS @ B BE ¥R tod FRASROWAi dhn
--.reI ation to cal cul honol ogy he substitutions are preferably

“conservat i veay: bPﬁH’ﬁl@@@ét&&Zﬁ&uﬂihmﬁlﬂnaBoMn argficiabwodificagonso Thise f ol | owi ng

‘-Table Amino acids. in the sa bl ock in the second colum a ferably
“in the Bame PPAHSCAHPR HAY PV %‘}Wﬁﬂme‘aéﬁw@f@aﬂl Fipen %fgac‘ﬁvfﬁ

Sy, BRI e e o
~ equi val ent pg@up bp&ﬁ-b(bliydaﬁe @ﬁoub AanM?GanoMcﬁ)ﬁerEb@ékeﬁ’mﬂ GBOOIOB760 -10-
B - terminus. 7 ' ‘ '
| 'I‘he analogue may comprise one or more non-namral amino acids, for
10 example amino-acids with 2 side chain different from natura.l amino acids.
* Generally, the non-natural. amino a01d will have an N termmus and/ora C ternunus
- The nou—natural amino acid may be an L-ora D- amino acid. 7
- The analocrue typmally has a shape size, ﬂeublhty or electromc
~ configuration thch is substantially similar to (1) or (if). It1s typica.lly a denvatlve of -
15.' () or (ii). In one embodlment the analogue is a fusion protein compnsmU the N
E sequence of SEQ.ID NO:1'or 2 , or any of the other peptides mentioned herein; and :
non-gliadin sequence: ' o ' o
“In one embodlment the analogue is or nmmcs (1) or (it bound to a MHC class -
“Ti molecule. 2,3, 4 or more of such complexes may be associated or bound to each
; 20 othcr, for example ueing- a biotin/streptavidin based system, in which typically".?, 3 or
4 biotin labell'ed MHC molecules bind to a 'strepeevidin moiety. This aoalogue —
typically inhibits the binding of the i) or (ify MHC Class I complex to 2 TCR or
anubod) which is specific for the complex. o
The analocue 1s'typically an anubody or a fragment of an antibody, such as a
2 5. Fab or (F ab), fragment. The analogue may be lmmoblhsed on a-solid support,
' panicularly at analogue which mimics peptide bound to a MHC molecule '
- The analogue is typlcally des1gned by computa.tlonal means and then
synthesised usmo methods known in the art Altemanvely the analogue can be
selected from a library of compounds. The Iibrary may be a combinatorial library or a
30 dlsplay library, such as a pbage display library. The h‘orary of compounds may be
expressed in the display library in the form of being bound to a MHC class It



“acids in (i) or (ii) which contribute to binding the MHC nol ecul e or -are
.responsible for the recognition by the TCR are the sanme or ar@Pl@l8erved.
.-Typically the anal ogue pepti de conprises one or nore nodifications, which
maybe nat ur al _%ost transl ation nodifications or artifici & gé@ gqat i ons:
The modi WOLAFGA may provide a chemical noiety (typical |§ B&% g8 tuti on
of a hydrogen, e.g. of a GH bond), such as an am no, acetyl, hydroxy or
hal ogen (e.g. fluorine) . group or carldchydrate group. Typically the
nodi fication is present on the Nor Ctermnus. The anal ogue-may conprise
‘one or noremdiukatuchak HAM-DE)2acAmtdogiiep arecgeaemplly selesiediyomdhalsbrrt h a side” -
chain.different fromnatural .am no, acjds. Generally, t% on-natural. am no- '
acid, will hesed oartheiy abakpyite pumig e Brndinaehagrciansie. (OmEdi o—ﬂluﬁé?‘?)’r%lay amno . -
- acid may be,an,L- ] i d- ' : .4 shape,
size, flexiBf F‘?l?c’;}edc))éasg? g(j:fl r ohi c b(@:yodn ?Sgr‘g‘ﬁﬁgﬁ‘&%%ﬁﬁ?{%bg‘%éé@%i‘éﬁ y
simlar to (i) Omypichlly analdguss Wwilpberkcbynigeddsr T vellsity @t IBhst tHel Shm@rextdat ) . | n
one enbodi nent the anal ogue is a .fusion protein conprising the sequence of
SEQ |15 NO a$ any efithe agesits @)rF (), fenreamphieat lessiioi thespmessytsibAe@eher ei n; and :

- non-gliadin sequence. in _one | h al qaue_j: 117 (i) or -
“(ii) bound £8¥" 'ﬂﬁﬁ@p&f)%es%n %it%%ﬁgtgﬁggm% gm'guq B%B%rp%ﬁgreer%é?glsﬂ&%qgg%onpl exes
may be assogig) 85N 19EREgdieddaahy oPiRREsayE BéscA¥AIrEn UgbidgBusing T :
biotin/streptavidin based system in which typically 2, 3 or 4 biotin
| |t abel | ﬁj wefﬁf_r?mfﬁlsac&mqmugn@: ;:@plo_awsdnw h@re?@gl\t/ui\lseﬁm @%%@Faga& o
ypically inhibits e binding.of the {i),or (ii)l/, ' nplex to
o TR or” ibegsdyiinered D RaneEspie et it S AriASta safe ™
Irsftwad:a' | it AMriyRIMe en@d ridnBBARI Ker6ih (88, aniHuBed\batient@hagismad . Fab or
(Fab) fragnment. The anal ogue nay be i mobilised on asolid support, :
parti cul arl ynaelanal ogue whi ch mm.cs peptide bound to a MHC nol ecul e.

.The anal ogue is typically designed by conputational ans_and .then = S |
synt hesi sed usi_ng‘X‘i’?é‘_f%ﬂ aﬁ‘ﬁ&‘ . 1#%@5’2@9@&9?8??{5%'gg\}gwnﬁ%&%eﬁ‘{}&gue can
be sel ect ed LLAMA A RLREY: RLok BB BY RS collREcibnRIVodBRk e GiGRERENAL 0T 2
library or a Isplay library,” suchas a phage display library. "The library"

of : conpoundshabivehtor xqoessen of the tshisstatics [mdiyating bz the substades i§ @2 m of  bei ng
. bound to a MHC class [ 1 1 April ZOngTg\fé\SCg‘é/réSmB CT/.GB00/ 03760 --11- .

-

00
mol ecul®; suasislogge HBRCIDEORS WA Pe gRw Poiopsd BIPIB WY BPn t he -

|1brary 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‘rdentiox_:led‘ '
"above preferred analogues are recognised o at least the same extent as the peptide o
SEQ ID.NO:Q, and so the method may be used to identify analogues which are
20 recognised 1o 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 ﬂ_lel substance i$ an analogue. ‘

" The agent may be a product comprising-at least 2, 5, 10 or 20 agents as
25 - defined by (i), {ii) or (iii). Typically tﬁe composition comp_rises epitopes of the
invention (or equivalent analogues) from different gliadins, suchlas any of the species
or variety of or types of gliadin mentioned herein. Preferred compositioﬁs 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, of from 2, 3, 4 or more of
30 the species mentjonea herein (such as from the panel of species consisting of wheat,

1ye, barley, oats and triticale).



-]based onthelr abllltyto mmcthe blndlng characterlstlcs (| 8éll) o
-Thus they may = be sel ected based on ability to bind a TCR or 94Wm ch
~.recogni'ses (i) or (ii). Typically anal-ogues. wi |l be recogni sed by T cells -
- to at least the sane. extent as any of ‘the agents (i) or (ii), . for exanpl e -
- at- least twpbpherepMe extent as the equival ent. epitope andpQ@Q;fmmpJGy to

the same ‘extent as the peptide represented by SEQ ID NO 2, .is recognised

in any of the assays described herein, t%%l cally using T ceIIs from B
‘coelii ac di sease patients. Anal ogues may recogni sed to these extents |n -
'vivo and thus nmay be able to induce coeliac disease synptons to at | east

‘t he saite extent as any of the agents mentioned herein (e:g.- in a human
-patient or a;maggd,smodel) Anal ogues naybe identifi ed i'n a nmethod conpri sing
~determini ng;” whether ''a candi date substance is recogni sed by ‘a T cell ,
receptor that recégniegtenegdrebopt thepretbd of degnasisafithomyenmonay bé basedf t he

. substance indi atln b ce is an an my be

any of the ‘}‘?fqtt‘ ‘g{jT ﬁgﬁ" ﬁ‘ ﬁbﬁ@ tﬁﬁ%%”ﬁ?@%“éﬁ‘f“&ﬂ”?&‘ﬁﬁcgsﬁ

sui tabl € as ggyteégthereln can be used to identify the analogue. In
.one: enb%dl rreslg%lo%[ﬁ tsthme hod is carried out in vivo. As mentioned -above
preferred anal oguBise 'Hbdlsrteh:oh; nécognlise theaigehtﬁashe tobihod dwhickihclndesale uehe .
‘peptide SEQ I D NO; 2 Sld SO tggaﬁ met hod may be used to identify anal ogues .
whi ch are. relé@gmne &abavs) ¥ 3508518 it cells Fvbictchasiethsen PRersensiiEed PR onpr | ses

det erm ni ng %}?ﬁ %As ﬂeﬁ%ﬁ%@{rﬁ S n%ﬁ%c&peﬁeﬁ&geft ¢dls IhQPz!: BLL, g tohe

- recogni tion an “epi tope venti.on [on of recogni-
i ndi cating tﬁ}agengmechspasﬁhammdoei an anal ogue. The agent nay. be a product ,.
conprising at-least 2, 5 10 or ents as defined by (i), (ii) or S .
(iii).1qypically Intee metheddhe T@ﬁll%@%q avatactsdi wipge agenttinairrq onigniiopn (or

| ent dj, f gliad h
o Vart oty RO ERs bR ST e kB ot SR BB m%sg?ff’;ﬁi
-conpri se - atj;h 8RS THID heIRVEmPE ;ﬁtwtx@sethe YR bR ik nAAVGH Batihogigal ogue,

fromall of.the gliadins presént in any of the species or variety :
‘ment'i oned herestived on tiferloman bagly. Dlﬁcrmagnmamlpmvswdpemmed her ei n

(such as from the panel es i sting of wheat, 'rye barl ey, oats -
“and triticalSEparag OAﬁ?‘i‘te“fé%}dlﬁwp "1(5’3%‘%9‘33 PCT/ GB0O/ 03760 12 - Di agnosi s

- As menf§oned abovend P Rldaamhdal q@h&ﬂ?%ﬁhﬁed%t tﬂtsqlfe&ysegmt% ﬁ%ﬁﬁ%h hased
agent 1s added. The solution wilt also comprise the T cells (and in certam
embodtments the APCs discussed below) The term contactma as used herem
includes adding the pa.rtlcular substance to the solution. _ |

De_termtttatton of whether the T cells rec_ogmse the ageet is generally done by

20 - detecting a change in the state of the T cells in the presence. of the agent or .

o determmmg whether the T cells blnd the a:,ent The chanfre in state is oenerally
| cauSed by antigen speclﬁc functional actmty of the T cell after the TCR binds the
agent The change of state may be measured inside (e.g. change in intracelluiar
expressmn of protems) or out51de (e. g detection of secreted substa.nces) the T cells.

25 The change in state of the T cell may be the start of or mcrease m secretion of
a substance from the T cell, such as a cytokine, especially IFN-y, IL-2 or TNF-q.
Determination of IFN-y secretion 1s particularly preferred ‘The substance can
typically be detected by allowing itto bind to a spec1ﬁc binding agent and then
measuring the presence of the spemﬁc binding agent/substance complex. The

30 sPemﬂc bmdmo agent is typically an antibody, such as polyclonal or monoclonal

antibodies. Antibodies to cytokines are commercially available, or can be made



on the detection of T ceIIs whi ch bi nd. the agent or on the detectlon of -
anti.bodi es that recognise the agent. The T cells which recognf%%pﬁﬁ@04agent
in the nmethod (which includes the use nentioned above) are generally T
cells “thﬂnhaﬁS been pre-sensitised in vivo to gliadi npcfgpiBpikened
-above such, "antigen-experienced T cells-have been found to be present in

"~ the peripheral blood. In the nmethod the T cells can be contacted with the
agent in vitro or in vivo, and deternlnlgg whet her the T cells recognise -

t he agent can be perforned in vitro or Y%7 vivo. Thus the invention '
provides the _agent fo a nmet hod of diagnosis practiced on the hunan
body. . Di f f er &Hte g d’wg.ti”méqﬁ'a‘gov|ded for simultaneous, separate or
sequential use l”l‘ﬁﬁ@é]!ly&hé@ieﬁ%blﬂ' %h&hﬂvastlﬁﬁnmm%nlassoweﬁ Yafearried .
out in aqueous solution into which t agent 1 s added ution-will

al so conpri sthe shistafice &l dllowed eibind tm&ldlsnpmbcmluap&mnsu}tﬂmwmestcdl scussed

bel ow). The term " cont rei cl udes_addi ng the parti cul ar
subst ance t o™ THP&® %F?E{a?gﬁ?m%%%f@r ﬂg'ﬁl{} Q%@’F%F“‘tﬁ}é&aﬁ% fubstapescogni se .
the agest |sccg,§fg Sae: iEhah t of the T

cells i % the pr egéﬁlgié}%fg thg@g}égﬁ%gg%h&%g?erm 1?%8&@ cgwgr@cﬁ% T cells

bi nd t he aged:ﬁmpla'meTmeeﬂb’e‘.he mecsnrzham binge tiersabdtynceay sieciwhich andifem: -

specific functiopal. act.i v g&ft T cell after -the TCR binds the agent.
The change offoBat %‘t%ﬁgw’b " ’dﬂ(f-’ieﬁ%l Hgs%céﬂ@a"%a‘iﬁé quii’]i{ %intﬁkbgﬂlt’ul ar. )
expression o of secreted substances
the T cells. gﬂfﬁe%cb%g%%eu%ﬁyg?g?e gtfl} %94‘? @Ftl#%?/ be the start of or

increase in secr e‘[‘hxﬂrtheéecand,amt ang defdernet bg 2Ehie@bgent shidh insypicaliyt oki ne,
especially IFN— LL-2 or. TNT-a Determ nation of IFN--y secretion is -

" partic&Parl ylape E!IYOméﬂgﬁb’s‘!tyaﬁqéféefé%melabylp,.F@memmbléthecp@p@&%mby ;
allowing it %‘%@ g aﬁo@n?ﬁﬁét%,call% 4 &%&@ %aatﬂgdta S0 ac%lfﬁ |nrs1: the

presence of agen e conpfex.

bi ndi ng agenﬁtrepﬁavﬁdmmaérwnﬁ@pwmlyhminne PhisbhasseQlaydetaidle 195clrmnocl onal
anti bodi es. Antibodies to cytokines are conmercially available, or can be
made 1 April. 2oo4lwm@d@@tlh%dmp@5ﬂ%¢mm@ iggiseryissherddra t echni ques.

ATer the EhERTE bk BLRb R E s %Eﬂ@##ﬁgﬂaﬁﬁ%aﬁﬁfgsh%ﬁ‘ﬁ%ﬂény be'

. washed 1ts0 cell is bound by a first IFN-y specific antlbody which is immobilised on a solid

" support. The bound IFN-y 1s then detected using 2 second IFN-y specific Emtlbody
'w}uch is labelled with 2 detectable label. Such a Iabelled ‘antibody can be obtained
- from MABTECH (Stockholm, Sweden). Other detectable labels Wi:uch can be used
are chscussed below '
20 The change 1n state of tbe T cell whlch can be measured may be the increase |
in the uptake of substances by the T cell such as the uptake of thymidine. 'I'he
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 ma.tLe:rs on the T cell.
In one embodiment the change of state is detected by measuring the change in
25  the intracellular expression of proteins; for example the increase in intraceltular
expression of any of the cytokines mentioned above. Such intracellular changes may
be detected by con_tacﬁné the inside of the T c;ell with a moiety that binds the
expresséd proteins in a specific manner and which allows sorting of the T cells by
flow cytometry. |
30 In one embodiment when binding the TCR the agent is bound to an MHC
class I molecnle (typicall.y-I—HdA—DQZ), which is typically preéent on the surface of



~i's" i'mobi l.i sed on

crenove naterlal which is not speC|f|caIIy bound to the agent .- The

. agent/substance conpl ex may be detected by using a second blndﬁﬁﬂﬂﬁgeﬁt
~which will bind the conpl ex. Typically the second agent. binds the
substance at ‘a site which is different’ fromthe site which binds the
first- agenWOOﬂEHQSecond agent is preferably an antibody - argCTiGeloabedl ed -
~directly or indirectly by a detectabl e | abel. Thus thé second agent may be
~detected by a third agent which i's typicalty labelled directly or .
filndlrectly by a detectable |abel. For exanpl e the second agent” nay.
.conprise a biotin noiety, allow ng detection by a third agent which -
conprises.a t I Se as a

- detectabl e l;%g?@@%%ﬂ%ﬁgﬁgﬁgggtﬁgﬁ?Q?%gﬂ}g?%%¥?§%ﬁgk%§§%§§% I's used is
the ex-vivo Hhd SR’@Ra’sha;tthlemdnbeumbmdAQDﬁﬂzaﬂﬂ&uld n.that assay |FNvy

: secreted fromthe T cel S nd_by-a first 1FN-y specifi.c antlbody whi ch
| (-if iy(fﬁa QbLPﬁB M%%ﬁﬁﬂ d jrhie posthpdrase trkge fioem B¢ usi ng

ool " Such 2RSS b e b RS R BT
. Sweden) .5 Ot hesan Geteat atﬁieesatx@mmybbamdaﬁfecﬂg tolﬂﬁdassz@rd? oty issedsdel ow.

The change in_state of the T cell which can be nmeasured may be the |ncrease'
4in the uptakdirsf ey ikerropsssing snay %@nnsesia@hneefthheampkaﬁ:e eﬁ&ﬂlp}wm di ne.

ol g o RSB T AR A A S s b RO RS o (e 7

.cell. In one eegﬁggymrﬂodﬂsehoqlwafame of state is detected by measuring the
- change in the intracellul ar expression of proteins, for exanple the -
-~ increase in int rac'@ielREP%QSSLE&mﬁeﬁmﬂsmep@mmfoftchmpog&nm@ﬁthesampim oned '-~->

“above. tra eIIuIar change be detected by cont t i nsi de-
o b N I ARS oo he RS O R e R et A

speci fi ¢ MaNRgmpRRe et Sdlsabl AW sS Thbd a&hetne&mtiﬁeﬁebs r&¥%nt ihlHW cytometry.
In one enbodi ment when binding the TCR the agent Is nd to an VHC cl ass

nol ecul e (stypatedM§s ¢4o/prSER) thephpiide toshe y‘meﬁallhynqﬂhasmﬂodmnemﬂtmlﬁm’r face
of 1 Apl’l | 2004 WD 0112 00/ 03760_ - 14 an antl resenting cell -
wev t t the
(APC) . " Ho éPﬁ%réuﬁbe?ﬁqfﬁ%gﬁ)“hgﬂch%ﬁ PepuriRd T o, PEM G s Bt th
need to al so bjjn g}ggg;a{ggl NEEald ok
contacted in t’f%e met hod are taken faggm tsgﬂegl Fn@g?/%d&g%ﬁ%%gﬁ s@E as
alt houg!s ot helieskyiessibed ushmlphmﬂ ah{1€B7cbBLmiMed 18&Iﬁ%9—865
In one embodiment the T cells used in the assay are m 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 drrectly ex vivo, i.e. they are not

cultured before being used i m the method. Thus the T cells have not been restu:nulated

e

20 i an anngen speczﬁc manner in vztro However the T cells can be cultured before
use, for example in the presence of one or more of the agents, and oenerally also
exocrenous growth pl.'OD]OtlJ]U cytokmes 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 sens1t1v1ty of the method. Thusthe T

25 cells can be converted into cel lines, such as short term cell lines (for example as
described in Otaetal (1990) Nature 346, p183- 187)

The APC which 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 which is capable of presenting

30 the peptide to'a T cell. It is typically a B cell, dendritic cell or macrophage. Itis

typically separated from the same sample as the T cell and is typically co-purified



-can be used. The sanple nmay be added directly to the assay or may be
- processed first Typically the processing nay conprise dil uti ng el 20R&
sanple, for exanple wth water or buffer. Typically the sanple is diluted

from_l.S\,@@Ol}g%:;fol d, for -exanple 2 to 50 or 5 to 10 folpdy/démeepisecessi ng
may conprise separation of conponents of the sanple. Typically nononucl-ear
cells (MCs)are separated fromthe sanples. The MCs will conprise the T
cells and APCs. Thus.in the nmethod the-¥PCs present in the separated MCs
can present the peptide to the T cells. In another enbodinent only T
 cell's, suchvath thalycellDIhys thel ARG megbe pesspatrin MEdod PRWICs ! Mhe 3@pise. PBMCs, °
MCs and T cel.ls, c BF separated fromthe sanple_using techni ques known in
the art, sulHiElyalowBleeiEr 554V Gel & 4 @pved tobl Tmngm infheiopn dfisd 186,
p859-865. | i T : .t ay.are in the form
of unpr ocegglggﬁ%sﬂg?%u%%&hstgﬁg relél,&géc’#ag%gg%r%ﬂs}hlf}eeﬁ‘g?a SFRFPRY (such

~as .in the foCafast deshleynlesal ¢ mafabes or PBMCs) which are used directly ex
Vi vo, e. they are not g(i;ul tured before being used in the nethod. Thus the

i.e. 2
T cel | € have not 'bEf¢tEY pif Arapey (iffermtaseng anydsased. ilypiainge Tn vitro.

However the C | : ore. use for. e le in.the. :
presence of %I#eﬂéirv%%o%r%ga %? s%ﬁge%[gg? Eﬁ E%dlr’1 togaeunaésF%‘l’i “}h 3]:5 gg&gg?{%&@ﬁ&% grow h
pronot i ng cydieténded o \xtiar ig: T odliswah BY dividdaa@MAce] ifb Sefa¥Aé Eahieaclp’ €SENt

on the surface of APCs, such as the APC used in the nmethod. Pree-culturing
of the T celf ¥hiplycontpoRePrapoR 9 teagenttn the sensitivity of the method.

Thus the T cell ed i,nto cell .lines, such as short termcell
lines (for _exarrpls%l(égﬁs]\]e gg%gi?%gf?%cﬁes &eaagg’fltsg?‘:b(af@@’@)orl%qfﬁpgaﬁ%g,tﬂ?) 183-187).
‘The APQ® whi @ged@mrgymmlﬂe;ewgeegmcdﬁbiﬁmu%f ROl erelpr Qhil iR ShS aMe
individual as the T cell .or froma different host. The APC nay be a

natural | y ocemppsinen Ageat discuspedabome) for simul@@out hepasiCor sequemral bsevfegch i s
capabl e of ‘éreﬁsfq}p‘;oir%g)rthe peptide to a T cell. It is typically a B.cell,.
~dendritic cél’l ctfophage. It is ‘typically separated fromthe. sane

sanpl e as the T qgbhe 8RBodifmeht/eBbdrYe G0rdREY i S 1d aé@&ial{ c&ﬁg&sié{@rm/ 25793
"-15 PCT/ GB00/ 03760 with the T cell. Thus the APC maybe preseht 1% MCs or
- PBMCs. .' Theelp@d APCs.ypb disbusyedhatiove e T céllsaind tARCseix suchvan asedyl conidd be

Ul oLy el 5, bRl el sy B RBRR
' : need for presentation by APCs are used then APCs are not required. Analogues
- ._ which mimic the original (i) or (i1) bound o a MHC molecule -al_'e an exaxﬁplc of such.
..aﬁagent. A - R ‘ -
. In one embodiment the agent is provided to the APC in the absence of the T .
_- 20 cell. The APC is then provided to the T cell, typibally 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 &etgrmining recogniﬁoﬁ of the peptide. Typically
25 10° to 107, preferably 5x10° to 10° PBMCs are added to each assay. In the case where
| agent is added directly 1o the assay its concentration is from 10”. to 10°pg/ml, |
-preferably 0.5 to 50pg/ml or 1 1o I.Opg/ml.
Typically the length of time for which the T cells are incubated \?ith. the agent
is from 4 to 24 hours, preferably 6 10 16 hours. When using ex vivo PBMCs it has
30 been found that 0.3x10° PBMCs can be incubated in 10ug/ml of peptide for 12 hours
at 37°C. | |



“MHC ¢lass Il nolecules on its. surface. ln ‘the nethod orie ‘or npre.
(different) agents may be used. Typically the T cells derlved1ﬁPWﬁW9ﬁe
“sanpl e 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- eacWO W3f23%Bi ch contain one or. nore of .the agents. TRECWER@ET@N. al so
prOV|des t he agents such as two or nore of any of the . agents nentioned
~herein (e g. ‘the conbinations. of agents which are present, in t he - :
~conposi tion agent di scussed above) f or slifrul t aneous separate or sequentlal
~use (eg_ .for in vivo'use). In one enbodi nent agent per se is added-
“directly to an asThqdﬁgmpnmgmmgﬂEf%%gwhommﬂ&Aﬁﬁﬁﬂbyéhﬁfééu%gﬁﬁbaﬁév@ t he T

‘cells and APCs in suc couI d be h Waen ‘agent-s.
Shich o bes w@aamngi‘%% B Rt e Gty (b RAhe bastted P fon by
APCs are use e
~original (i )Q%{ag § g%aéﬁff%ﬁ{:t %%ﬁh%@%éﬁlﬁgagﬁg%% Eﬁﬁgﬁg%u%ﬁ an
agent. In On@cdaﬂbncbemamdbbmda;gehnsbmiupg,(ﬁmmmmmﬁgams mathiee. abisence of

the T cell. The APCiis_then prowdedtotheTcII pi-cal. after.being
-al | oned5t o pp@mPOfFWéu%EfW%‘f?%S%ﬂ%ﬁﬂgF%@ t%/ C"l'?ért'x‘ﬁave been

~ taken! uplnlde P k he
surface wi-th QUeaRY 8r?érfllgg?r%5| ﬁ%%g%;g‘i‘s H%t%%b%fl&@ ﬁq&ﬁgfgl%ent
i s contact Edaﬂﬂoteﬂ-e}.?é}ﬁan&d?’ﬁ |c|eﬂs Widehersldy ¥ in H@‘ﬁe ndnn@* and tH[E@eﬁﬁimwhh)ﬁthetsrﬁ'd for

~‘determining recognition of the peptide. Typically 105 to 107, preferably
. .5x105 to 106nMBMOsortadeschsiasdniiacieaieriarcea\l coll cambe deisEmipRlre  agent is

added directly to assa I ug/ m., ,
‘preferably 0.5 tng?)g Oﬁéftﬁg%%wﬁﬁ’&b ea§e tb&%%g c%ngglt%%gf time for -

which e T cﬁ{euwcps%éﬂ thé ide tﬁshemeg@teidtb%efmmﬁdﬂﬁnw Hfes
" pr eferggl y GElt%hAu?L% nofjrs an‘i;iu5|;§1t’gnex Vi vo PI§I\/CS It has been f?)%ﬁd t hat -

'0:3x106 PBMCs/hivhrindieatesucabeititen phthe 0gept maydfe rmqgunede Thergey inbikellyat 37C,
-1 April 2004 WO 01/ 25793 PCT/ GBOQ/ 376 The .det 190 .0f s the:
" recognition afminggere b‘lé'??fierﬁﬁfmtyr?ée’?“ E&é’ r]?%?aﬁgmdﬁ atﬁyni‘}lt?,\dasurStleFlegd e

~binding of t B&t@rﬂﬁmmhpmb REtsTeCH hSsiéd g npa%rbe%ta%arat gk st twitiSihe @i dBery
T plaster or dressmg AlternaUVely the acent may be administered by needle, such as .
15 by inj ectlon but can also be admm:stered by other methods such as ballistics (e.g. " -
| the ballistics techmques which have been used to dehver nucleic acxds) EP-A-
0693119 descnbes techmques which can typlcaHy be used to administer the. agent.
o Typlcally from 0.001 to 1000 png, for e).ample from 0.01 to 100 pgor0.1t0 10 pg of
- agent is admmlstered ‘ '
.26 S In one embodiment a product can be administered whxch 18 capable of
. prOVldln" the agent in vivo. Thus apolynucleotlde capable of expressmo the agent ‘
~ can be administered, typically i in any of the ways described above for the
' admmistratlon of the agent. The polynucleotide typmally has any of the
charactensﬂcs of the polynucleotlde provided by the invention which is discussed
25 ‘below. The agent is expressed from the poiynucleoude in vivo. Typlca]ly from
0.001 to 1000 pg, for example from 0.01 to 100 Hgor 0.1t0 10 pg of polynucleonde
1s admm,lstered ' ‘
Recognition of the agent admuustered to the sLm is typically indicated by the '
occurrence of mﬂamm ation (e g. mduratlon1 erythema or oedema) at the site of
30 admm_tsu-ation This is generally measured by visual exammatlon of the site.

The method of diagnosis based on the detection of an antibody that binds the



sui‘'tabl € binding assay format di scussed herein). Typically T cells which
bind the agent can be sorted based on this binding, for exanﬁ\ p §$9© a
FACS .machi ne. The. presence of T cells which recognise the agent will be
deened tQ occur .if the frequency of cells sorted using t ita.q.S above a

,:‘contrdl“mVHPﬁgﬁ‘The frequency of antigen-experi.enced Tp§£| s&@gkgenerally

. 1in 106 to 1 in | 03, and therefore whether or not the sorted cells are
anti-gen-experienced T cells can be detgym ned. The determ nation of the -
recognition of the agent by the T cells may be neasured in vivo. Typically. -

the agent is adm ni ster edﬁé)g/u{) cog%%gnggga%g%ﬁ{hgqﬂggﬁgﬂ_(mh% ahpdi cat es

recogni t i oRSEAt 1t WEICAGE At reasure agent i s typical

admi ni st er %‘Eﬂ% PR Bl HoRedkere RiptiehATHI prycesJeicin age mtanber thengioved |y -
adm ni stered by. “contacting with the outside of the skin, an n§¥ be
retained athefdis) with thewigent anfi detgrmingte Whethar 45 EHOY BRI PAft BFnat i vel y
the agent nmay be adninistered by needl.e, st S iNLRHId Bt can also -
be admi ni sta@eRigdsUs atrj[*;’% gHJélﬂ%Bﬂgﬂ?ggﬁ %dsmrglg%llt#agt?ég}é/s‘{sg%%ﬂttﬁe ballistics
techni gues whi ch }3@’ DERTOHSAGTbRANE ds¥RImANES Bicd, achds)ny &b fom693119
descri%es t%%ﬁ%?qu sgn ichocan typi ca L%ﬁbe used to adm ni ster the-agent.
Typically fremdde®8dretno 1000- g, for exanple from0.01 to 100 go, or 0.1 to
~'10 g of agent is adm nistered. I'n one enbodi ment a product can be
admi ni stered which is capable. of providing the' agent in vivo. Thus a.
pol ynucl eot . de_capabl e of -expressing the agent . can be admi ni stered, =
typically ithefg-ﬁ%y—of the ways described above for the admnistration of the -
agent.. The pol ypueidestification bf fiedmidupobesinantepitbpe AlowHhE REFPEISE i cs' of the
pol ynucl eoti de provided by the invention which is dis¢ w. The
agent 1i0s expmdsgsdo$¢@m¢%ﬁ®mB6F$ﬂdE?t6ﬁﬁﬁg c fﬁFﬁaﬁeﬁv%%§§@F$B$%gnm01001 to
1000 g, for exanple fr -H%a‘ 400 8%nQAinOrekpdide haifist@fiagio). yTils| eot i de i s
adrn"ni.ster—e8‘?@1i(s%gguﬁgcfltf‘:fii%(;h_}lc(%,1 t'{%gatagent admnnfs{)greq to the skinis = .
Ctypically i pdifrated ANk il reediking br ereainentif] camiiect digrasq oy, HPPTATDS & on,
erythema or oedénm) at the site of admnigstration. This is generally _
measur ed by tolersagibn)svcantivady onl 68l feprenst {:ePREORft hod of - di agnosi s based

L B L i O 1R st
L om tie indhy f-n%'ﬁlon((ﬁyﬁléaﬁﬁed&[ﬂdgany of the binding assays discussed above) and L
o | cause tolerisation of thé T cell that cguﬁes the TCR. Such agents, 6ptionally m - _'
association with a carrier, can thércfore _be'uséd to prevent or treat coeliac digease. | ‘
Generally tolerisation can be caused by the same peptides which can (after |
being recognised by iﬁe TCR) cause anti gen specific functional activity of the T cgl‘l |
20 (such as any such activity mentioned herein, e.g. secretion of cytokines). Such
. agents cause tolerisation when they are presented to the immune system m a
' ‘toleﬁsing’ context. '
Tolerisation leads to a decrease in the recognition of 2 T cell or antibody
epitope by the immuné system. In the case of a T cell epitope this can be caused by
25 the deletion or anergising of T cells which recognise the epitope. Thus T cell act_iyity
l.(for example as measured In suitable assays mentjqngd herein) in response 0 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.
30 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. -



of the:sanples mentioned here, optionally processed in any manner nentioned
.herein) with the agent and deterni ni ng whether an antibody i A8288hple
bi nds.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;  sugh. ny such format nentioned herein.. Therapy T
'identifhbi?ﬁgﬁa%?gtheinnunOdoninant epi tope-al l ows the thé%gggﬁ?P€”°
~products to be.nmade which target the T cells which recognise this epitope..
“(such T cells being ones which participate in the i mune response agai nst
gliadin). This finding also allows the-agevention or treatnent of coeliac- . .
di-sease by suppressing (by -tolerisation) an antibody or. T cell response to

" the epitope ImpaiHophthoR 82 20Y-DI5 (1087), MThernt ieoa. BlindEtfhénEORoWIDRBI0eE0ogni ses
.the epitope of  the invention (as nmeasured using any of the binding assays.

- ' di scussed. {b¥WR)anenWeinentisd Res bpmapel é‘?ﬁ,éﬁzgt:”ﬁélqg‘ée I» PagplaE egates t he
-TOR. Such ag?@%ihft gﬁﬁfsﬂgg{;ﬁ' céﬁnciaugest%geﬁfsgﬁé Ol 42 nﬁ%%][ 6&5@@%&&? efore

~be used to réat” coeli"ac di'sease. nerarfy toleri .on can be
caused by t he SRR RERIcA9EicHBES slafisHidh ey RaidRgnikReAYBIgS B2 by the TCR)
‘cause antigen specific functional activity of :the-T cell ~ (such as .any such

“activitsy nmerbmpositioherhé¢malsecamprasss thetagent) o theyedikidaels )Suckprdtugigent s cause

. tolerisation when they are, presented to-the i systemin,a,. . ri sing'
cont ext . Toll%?lP‘gea‘Eﬂt P SRR %&W%P’@ﬁ@b&i"ﬂurw&e&% F?gf'%‘ﬁ]‘()?’ Ita(‘%l'ﬁcell or

-.anti body epi{.9p§hy L ARG SR Rdrdifsle® £338sOkhRh Eagsll | epitope this
‘can be causgéqgaoytﬁgagg%g??bn ?@energilsisng of T ?:el | s which recognise the

epitope. Thuslefsatrinl ~activity (for exanple as measuréd jn suitable assays
nentioned herein) in response .to t-hethgpig.lggpe i s, decr eased. . Tdl erisation of -

an antibody resporReaDhERioE DFpALes Bf8 comppia 2 BAuERse Pl R 28 S Body to/

- the éepjtope is. produ ﬁhﬁ lit ope - 1 LSt Med frdsicrf
,preseﬁt# ng ﬁ%gg%gofﬁgﬁ%ﬁﬁmnefgﬁgﬁg%ﬁssuc gﬁbgﬁtag%még%e_ knggln and
_are descri be@idoBhis@xannle belisdDpiredent br féat cokliacnliseasanFiml antaodist will 2004 .
WO 01/ 25793 PCT/ c$0a03760 -18 |nmunopathol . 82, 207-215 ( 19.97%{@ -Thur au et
al.. din. -Bxpusd aeneise inhe T @ligesponse dgppe egrpgdipgdnh the aatagqpist \ads thenmynol .

148, 528-83 {930 1 DeiPRebbSHY # S HkPbFl complex with HLA-DQ2) but instead of -
o caus;ing ﬁormal functibnal activation causing an ab‘norma‘l'signal to be passed. '
15 | " through the TCR intracellular si'gua;lling cascade which causes the T cell to have
B decréased fuﬁction activity (.. in response to recdgnition of an epitope, typiéally as B
" measured by any suitable assay mentioned herein). | -
| , In one embodiment the antagbnis_t coﬁlpcfes with epitope to bind a
- éc;mponent of MI-_IC ﬁ;dcés.sing aﬁd pfeseﬁtaﬁon_ pathway, s.uAch as-an-MHC molecule
| 20 ' (tyj-nica.lly.I{I;A—DQi_Z). Thus thé anfégonis_t may bind HLA-DQ2 (and thus bea
'. | .peiptide prese_énted by this IVII-_IC;‘mo‘lecuie),. such as peptide TP (Téble 10)ora-
| homologue théreof_ | | A | o
o VMethods 'of caus'mg a:;tﬁgoni‘s‘m are known in the art. _Inroné gmbodimen; the
antégbnist is a-homologue of the épito_pés menti_oned above and may have any of the
25 SEciuence, binding or other properties of the agent (pa\rticulgﬂy analogues). The
, . antagonists tjrﬁicauy differ ffoni any of the above epitopes (_i:vﬁich are cﬁpébl: of
'. ca\is'mg a normal antigen specific function inthe T cell) by 1, 2,3, 4 or more
. mutations (each of which may be 2 sﬁbstitution; i.ns:erti(;n or deletion). Such
" antagonists are termed “altered peptide ligands” or “APL” in the art, The mutations
30 are fypicaﬂy at the émino acid positions which contact the TCR

The antagonist may differ from the epitope by a substitution within the



" routes of adm ni stratlon can cause_tolerisation, such as oral, nasal

i ntraperitoneal - Particular products which cause tolerisati oﬂ 4#[929@4

adm ni stered (e.g. in a conposition which also conprises the agent) to the
I ndi Vi du.@%)o ,,%gh products include cytokines, such as cytokBigss7édi ch
favour h2 response (e.g. IL-4, TG-P or I1L-10).. Products or agent nay -
"be adm ni stered at a dose which causes toleri satlon The invention provydes
a protein which conprises a sequence able to act as an antagonist of the T
cel | (which T cell recognises the ageitf- Such proteins and such ,
antagonl sts can al so be used to prevent or treat_ coeljac djsease., The =~ .=
ant agoni st Seidence whighas %l“é\éaé‘l"%&% eiSRQYeRae $P@é?ﬂm4%ﬁ@ﬁ@é°145r§5éﬁé7@ﬁbodl ment

- the antagon the T mof a
- conpl ex wi Eéh Lﬁ‘%’@? ?Peagggﬁ ausi reprl}% a%dnﬂgftag&%% fctivation
causing an ]ﬁ?ﬂ%ﬂ’éﬁb&h&ﬂﬁle dq@va&u@@ﬁ%c@dmhmw&gbr §hepriferibiptieacel | ul ar - '
signal l'ing cascade which causes th cell to have decreased function
activity (eubstititiorieSpphedW,¢7MeeoMli-ti on of an epitope, typically as

-measur ed by any,_.suitahl e assay nentioned here | n_one enbodi nent the

ant agoni st corrpe%”é%“%!ﬁ’? 8r?58°lﬁﬁe9rﬂ%5 e@gﬁﬁ%%\feth? PR A0cessi ng and
presentati %a&ﬂﬁ:%)polyé}éﬁm 1§§reaﬂﬁaﬂ\4ﬁ§ ARARENE Bay G &R lakdikikibreR@B) - Thus
t he. ant agoni st™ nay. DR (and thus be a peptide presented by thi s
MHC nol ecul aapse amngomm qsfe'lbcem@fﬂie (eSinke whth heve differcanBCEgu dheteboreof . '

Met hods of . causi ng.anta are known in the a | n_one t the ..
ant agoni st P8 aBiapRIYsS 6‘@% amfrﬂ%ter@gll’iﬁﬁ%‘g‘l’%‘iﬁ%ﬂ CQ%B%eséﬁgoﬁﬁ&yqeﬁave any-
Cof the Seqyense«dodlng eﬁm@taﬁ%hgsmaoﬁfsegiﬂéxaﬁmgt (particulariy
g anal ogues). an agoms?s typically dif ar from any of the above epitopes

(whi choare capabl'h’.e mfzentmamorpgowadmmthodnﬂ@anfm a‘ntagohunofaﬁmeﬂn the T
cell) by 1, 2, 3, nore nutati.ons (each of

" substituti o(’Whi‘Fm@é%ql%?ﬁ‘kt?ra:&%@éP‘F’Bﬁﬁm Sﬁ‘éﬂ"“ﬂ&ﬁt%\l\gﬂia@ﬂb t"@?hrFBBT" alter ed '_ '
: peptlde l'i ga V..at the :
“‘am.no aci- d nlcsj d%&: g th%o‘%? g%‘?slia&]ﬁe Eﬂ%ﬁy#ge %%?%g%%lﬁglglwn%f/ﬂé:rﬁegr from .

t he epi t0petoh}ﬁd@ro%tah%hn&entsp@afw:édpbmet(hg dsidpadyl suR@bld 2By Ak FohdD3 '
PCT/ GP00103760 - - 19- sequence which is equival ent_to the sequence
repr esent edhiyyinythedetening of ey sushatpcispse IAsglIdlaédﬂhﬂ(d&?é-ﬁ aﬁonl sts are

lshown I_n Tasbll1 %mgg’els'ggtﬁmgreferabl y the ant agom st

In one embodiment the antagonists (including combinations of anta.oomsts to
a particular epxtopc) or tolerising (T cell and a.nubody tolerising) agents are present in -
a composition comprising at least 2, 4, 6 or more ant#gonis,ts or agents which
'a.utagoﬁise or tolerise to different epitopes of the invenition, for example to the
20 combinations of epitopes discussed above in relaﬁon to the agents which are a

product comprising more than one substance.

Testine whether a composition is_capable of causing coeliac disease

As mentioned above the invention provides a method of determining whether
25 a composition 1s 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 acﬁvity).
Typically this is performed by using a binding assay in which a moiety which binds
30 to the sequence In a specxﬂc manner is contacted with the composition and the

formation of sequence/moxety complex is detected and used to ascertain the presence



"‘has a substitution at tlhé'é'qUi_f\'/'-'aI ent of position 64, 65 or 67. Preferabl y S

“ the substitution is 64W 67W 67Mor 65T. Since the T cell irmpb2P@ponse
~to the epitope of the invention in an individual is polyclonal nore than .
. one ant agoni st may need to be adninistered to cause antagonismof T cells -
of the respogsewhi ch have different TCRs. Therefore the ppiteBenbste My -
" be administered in a conposition whiich conprises at least 2, 4, 6 or nore’
. di fferent antagoni sts, which each ant'agoyise different . T cells. The '

" invention al.so provides a nethod of identifying an antagonist of a T cell

- (whi ch recogi.ses, thec; ;o LSl : ' andi tance -
~Wththe T (Efle _?g?f%l?i gﬁ%ﬁh@%&tbﬁﬁgF‘ﬁ%@%ﬁ"??@%‘éﬁ(@gg@seoggg& eg?)zase in -
the ability @éntidbed hefd land & typitellge sparrifdnintipedy.s e ishitabie Rapensie (e. g.

- uskng any suitdble assay nmentioned .herein), the detecting of any such
‘decrease i n bindigassayicay be Berddaesingg thergimetionedberedce is an antagonist. In

‘one enbodi-ment the- antagoni st i ncl udi_ng .conmhi-nati ans. of nists to a
particul ar epi togﬁ)o%re”?o&qg??@i- egco(ﬁ?oéﬁog %ﬁ%{%ﬁ%ﬁ}%’%f%ﬁ@pl&s n%r)mgléfent S '
. are pregent juky,giecf WHRSIrt 5QRIfEOMP EhitdpRE oPthe iBARtOR frofh difefint BRAEns, for '
~antagonists or agents-which antagonise or tolerise - to different epitopes of
~ the inventi osxamipbs a pasipf antibydieh eapablmdfi reergnomg i cepbirgpess ofdipgopsssed
--above'in relation to the agent's which e.a product conpri,sing nore than :
one. subst ancUsCHREPAEE RHEI TR 10 SEYARE AR WHIChgfe® BIOCRE FORRGSEgel | ac
~di sease’ As ngptipned abh@vgntde i nvention provides a nmethod of deternining
- whet-her a conposition is. capable of causing coeliac disease conprising
detecting the ' prEsecmepasition tppotidy commipse naeerishiron d plastapatdxpresfeshei ng
~.rmodi fied-by a  transglutanj nase to as sequence conprising the agent or
‘epi t opeOof "t iadimyBKP i FrPaple i Kapy R et at daraes s raﬁmﬁrﬁ@gﬂ?ﬁ&w 2ding yan

intestinal traps =Tok AT T A& V) o I.Gal .S LenRenigredqaby
using a bi.n_dqrﬁgmgis%ay |I£r.1g_EI f%@t asﬂ%%ﬁeﬁt?%gﬁﬁb%%%@ﬁ% %lﬁe sgquence in a
speci fic mangeaudt$e.§oitba) Rk miteHaltthe) oprposkéd prodanslof the pldno fmedriabn of

sequence/ noi ety conplex is detected and used to_ascertain the presence 1

April 2004 VieDanpsuhpredrt cpobewaiseinp guchys a fieur o fond haf (OMPESADIEt y may

. be "any -sui tahl e. subst ance (or-type. of. . ce) joned in and is
- typically a @E@H'f e%fﬁg?sﬁié‘gff {f%oﬁﬁmg%@%gﬁ tetgsfrﬂ%gﬁ%fﬁgaﬁé l%lﬁn1 Png agés%ay can be
used (s4ch aguiihoT6r dRAPIONCHeNBIRE A Krikka DNY. BiilodinOhtmiaie d3pdsd-tion is
-contacted. with at )Ieast 2, 5, 10 or nore _ o : ,
: ‘ . 93(199%). : S ' :

" Bindine assavs . ‘
The determiﬁaﬁoﬁ' of binding bf‘:t\;veeu any two substances mentioned herein
| 20 _rj.ixlay be done by ﬁﬁeésﬁring aA"cha:'actéristic éf either or.both substances that changes
- | ﬁpdn binding, such as a sﬁ%cétrosbopic change. _ 7
The binding ﬁséay format may be a ‘band shift’ system. This involves

determining whéther the preé ence of one substance _(sﬁch asa candidate substance)‘ '

advances or retards fbé- pfdgfeés of the other substance during gel électropho;esis.
: 25 - ‘The format niay be a competitive bi_ndiﬁg method which gl.etermj.tlles whether

o _{ha one subétz'mcé 1s aiaie to inhibit th_e binding of the other substancé to an agent

which is known to bind the other substance, such as a specific antibody.

- Mutant ¢liadin proteins -

30 The invention provides a gliadin protein in which 4n épitope sequence of the _

invéntion, or sequence which can be modified by a transglutaminase to provide such



anti bodi es which are specific for epitopes of the invention fromdifferent -
‘gliadins, for exanple a panel of antibodies capabl e of recogri&pigobhe

- .conbi nati ons of epitopes. discussed above in relation to agents of the

I nvent i owoMiistesar e a product conprising nore than one sBOBAGEREPE3760he

- conposition typically conprises material froma plant that expresses a. o

gliadin which is capable of causing ceelii-ac di sease (for exanple any of the

. gliadins or plants nentioned herein). Such naterial maybe a plant part
such as a hagygst@chaphesiiabiafed 8 tha oo londdRalRE B idlecdBisedByPs PCeASEd
products of the plant material (e.g. any such product nentioned herein), -

~such as a ftesponsothat owwdzuibestthe emippe s sthiswontegt thadem refbmiponoetgstorthe of '

‘food materjal angd testing in suitable binding assays is routine, for

exanpl e as ReR(EFHEY T FPRPPLIBATED 2 WY Tl GIoUMR ROEHIRORSHFN U 189 93

(1998). B “%@&@mgy&aﬂmvﬁ%ﬁmww&mf bi nding between any two

subst ances nti1oned herein may be done by neasuring a characteristic of

“ei t her gor. bot h' siveslicain ©f glebhBingérpmgbmt apoopebimahergliadme hrealiscassed

spectroscopi ¢ change.. The bi.ndi ng. agsay format may be a' band shift' system

“Thi s i nvol vaeevgetldF mil e WA .Eriﬁégmtea@%ﬁh@é%ﬂ%wwgaﬁ% taMe&stsuch as a

Conc LSS P SRS RIoA M S END sl 1

substance duaring ectrophore a conpetitive -

. bi ndi ng net hedtivhkdabodelie rethtimstowheitabrguteress all o SEQEICH O Sordtk@sst 0

inhibit the binding of the other substance to_an agr_lt which is known to -

~ bind the ot A&r30 (Bst08rrr00 soriteuqus gmungacidsiod SER IILYEY- Mutant zli adin
" protei The inv i ' . | i adi el n, | ' | f ope’
~ s,equ_eﬁ[gj; of the ﬂ%\l}%ﬁaﬁt%gﬂf d%?%lga%edﬁg% Jva\)ﬁﬁéccg&lg%aﬁe %@%&P % %gre%%&a trans
gl ut ani nase sy@pREAVTEseisteiseiseATyipicaBP B mMBXiO] dereaF@AMPERILIGRAENO3760 - 21 a
sequence has” been nmutated so that it _no |onger causes, or is recognised by,
~a'T cell resienrste indvee adestlgninoase. t the rapipted seitopemithiaye@glseigssedt he term
recognition.refers t TCR:bhi.ndi ng..t he. epit ope+i n s t normal
“.(not ant agor]?fr’sdtu?%so @E%TIS(Z%-&%}S%&S ia(}:)g%t%ﬁ%Figgrr‘fé IR%.({C‘%)PE\L/%#?/EC()) a\tﬁgée/reslgggel I .
occurs. Met hggs, &f bihdenéd tB)bE-fﬂ&o@,ﬂiﬂé&@]e@%s@@&ﬁg&ﬁ%?ediﬁb RinbenaghdtpdiyRs are
"~ discussed above. The wild type. of the nutated gliadin is one which causes
- coel i acs di ségskcelSub# recoghisaitherrsontl Thansatnd gbrdnpr atitope sEQtenfng 3, for. - -

exanpl e to the degree SN : . . X
o P show nogor reduced recognition in'any of the assays mentioned herem 1n relation to

the diagnostic aspects of the invention. R |
| " The mutation may be one or more deletioﬁs, additions‘_br substitutions of
length 1 t03, 4106, 610 10, 11to 15 or more in the epitope, for example across the
- 20 '_ _ sequence SEQID NO:2 orits equivalent. Preferably the mutant gliadin has at least
| one mutation in the sequence SEQ IDNO:1, A preferreld mutation ié at positioxi 65
- n A—gliad'mv(or in an equivalent pbsition in other gliadins). Typically the naturally
occurring glutamine at this position is substi;cuted to any of the amino acids shown In
Table 3, prefera‘bly to histidine, tyrosine, T.ryptopham lysine, proline, or arginine.

25 The invention thus also provides use of a mutation (such any of the mutations
in any of ‘the sequences discussed heréi.n) 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 t0 act as an antagonist.

30 Thus the invention provides a protein that comprises a séquence which is able to bind

to a T cell receptor, which T cell receptor recognises an agent of the invention, and



jmentroned above (r n relation to the anaI ogue) across aII of SEQ ID NO 3 or: -
"~ across’. 15, 30, 60, 100 or 200 contiguous am-no acids of SEQ IDAPM®2804he -
" nutated. gliadin will not. cause coeliac di seasé or will cause decreased ’
~synptons of coeliac disease. Typically the rrut ation decreases the abili ty

" of the eWOPRS®d induce a T cell response. The nutated eﬁpﬁﬁiﬁmﬁa’&ﬁﬂhave a
- decreased binding to HLA-DQ2, a decreased ability to be present ed by an

. APC. or. a decreased ability to bind to 05510 be recognised (i.e. cause

anti gen-specific functional. activity) by cells that recogni se the agent:

‘The mutat ed Phidclules RISOBTMe dordoBRILET 6 7300 WA CuriCs GRAUCL el

- recogni.tion assays menfioned hereinin relation to the
"diagnostic agRg lftbﬁ of the invention. The nutation may be one or. nore

del etions, additions or substitutions of to 3, 4 to 6, 6 to 10,
‘11"to 15 or nore iThe mven@qn alepprovidgs P@taatawewgwoérsg@ﬁes ofthg gRAETLREY | D

"NO 2 or its equjval ent fera e_nut ant e e '
“nutation in Sl%%‘l”sBEﬁ.l%‘ﬁ%éw Fﬁplﬁétflg “RP & e?g‘?genc‘la(g %ll]?%ltil sﬁ()a?ﬁS pl§gl tion
65 in Axgli a%d‘ ok 950 Ma&&mby@laaat»maﬁdma@satﬂe ahutetiong BisasssesbovEy pi cal |y
- the’ naturaIIy occurring glutanine at this position is substituted to any

~of the am nommhd:ﬁ:cmlamWheahﬂlﬁacbﬂtée 3ha<bne¢ be a‘:@pgmt?@i hhRst ¢idha Bt 0si ne, _

Ltrypt ophan, lysine, pr | ni u The i:nvention thus (Ol vi des

- use of a nut BXI'SRS @g@g%ﬂg%}g&e tts)n ?h(?l?snnlaﬁ a§ &e&reseﬁtemsl%éq%etﬁcefg

discussed heggl &ﬁa@nf&ekta@eaaama%am RAPAd- g froaR tope 1S an
en

epi tope -of t ecrease the ability of T he gliadin protein to
‘cause coeliac d| sqasequtkfﬂemlcbtybeqqutantto theemniatedt gudiwegoience typcalyl e t o

act as. an antagoni st. Thus the inyention, provides_a t hat rises:
_ a sequéfce WAIOEha EERTHBEORIRAReITIEIoR, sachar a W@E@ﬁgﬁ&sol\tlﬁlcﬂﬂ’* erbcgﬁ?a ,

t f
CT) Go0010a7 80 P3N AR Shill PO ARG, Rl e R The L)

~that- carri esoﬁmnaa 'IBBC@JA—nhaﬁﬁept or.” The invention al so provides proteins
whi ch are fragrrents of t he above mut ant glladl n proteins, which are at . . .

“ least 15 am no acids long (e.g. at least 30, 60, 100, 150, 200, or 250
“anino acids g) -and whi ch .conprise the: nut ati ons di scussed.above

whi ch. decr easeSt he abi lity of the gliadin to be recognised.. Any of the:

mut ant ; or ot-ei NS ({iRGhHABE b PETRIS 3 )kitfon tioyiag obethe inetirocoalpsiBingmer esent
in the f orm of -~fusion proteins, for exanple wt haot her %Igaa(‘:al;lt t(l):tcraTW th
non-gliadin pratoee agents and opt.tonally a means to. detect the recoguition of gent by
N | cell Typtcally t.he dtfferent agents are provided for simultaneous, separate or
. qequentlal use. Typically the means to detect recoomUon allows or aids detectton
based on the techmques discussed above. '
20 Thus the means may allow detection of a substance secreted by the T cells
| aﬁer recogmtton The kit may thus additionally include a specific binding mo1ety for
o lhe x‘ubstance such as an antibody. The m01ety is typically specific for IFN-y. The |
' mou.ty is typ:cally 1mmob1hsed on a SOlld support. This means that after binding the L
‘ mo:et} the substance wxll remam in t.he v1cm.1ty of the T cell which secreted it. Thus
25 : Spols of substance/mmety complex are formed on the support, each spot |
| _ representmu a T cell wl:uch is secreting the. substance Qua.ut.tfymg the spots and -
| typtcally comparing against a control, allows determmatton of recocrmtlon of the
.‘ agent |
: The kit may also cornprtse 2 means to detect the substance/moiety complex

30 . A detectable chancre may occur in the rnmety itself after binding the substance, such

as a colour change Altemat.tvely a second motety du'ectly or mdtrectly labelled for



' .'The equivalent wld type protein to the mut at ed gliadin protein is
typi-cally froma gram naceous nonocotyl edon, such as' a plant! Ayrilgebdis
Triticum e.g. wheat, rye, barley, -oats or triticale. The protein is

typi cal l\Xr 07z ap, P,y or co gliadin. The gliadin mypbpcaeins é- gliadin.
Kits - The |nvent|on aI so provides a kit for carrying out the nethod

conprising one or nore agents and optlggal ly a means to. ‘detect the
recognition of the agent by the T cell”~Typicall y the different agents are

ded f | t t I'ly th
o tet et | ot ErERe Afur SBRERE s IREY LnltRh o AR ER, eﬁhn. q”e
di scussed ;?Q%Eﬁmaﬁ@ﬁ'@fﬁx@@ o@emammeeaﬂﬁwtﬁeegee@ﬁd BBie8f may 4GB

secreted b T cells dafter recognition. The kit may thus addltlonally o
~include a $petkbistdicedunbindsreidffeyertoite ot the ssbhiysicanicam, the fict tagetan ant i body. -

The moiety is t |caII cific for The ty is typically

i nmobi | i sed on )ép &&5%6?&190“1%’5*3%&%‘1’ yelly, F‘é&‘ |arFH%°Fé-“3E°I‘Féaterm| ety
the supstange ?0 Be O Mloﬁhrﬂl A ¥n 9 £libieWhi ch secreted it.
Thus é)spots h\é% g %ﬁﬁg}ﬁce m%l etﬂ? conpl ex ar%%r rret% n the support, each
‘spot representi nnle&xtqueMdlmaﬁp compagcmeditmfot the Tstehis ! detetion Quoddiies f yi ng

~the-spots, and typically conpar.i ng%gal nst a control, allows determ nation
of recogni tarayrsbipg bREers igybsiised 1 qCtipm Ry shhedghmay addigonallyns to detect

the Substancwe?e%eﬁmas £ A ISEAEHAR Forf BANAR N AIGE Uhe deBalafigy M1 CLY

itself after e substance, as a colour change ernatively

-a second nuireBMAE bET kL fsm itkargdd. | 'Yhd ldbmky 8d dégigned ko Aow lde2Bfh MO
01/ 25793 PCT/ GBOO 03760 23 detection nmaybe allowed to bind the

" substhfice/ bt é‘to;zlla;@mﬂéxn SATPI A reguirEng AnY SEpBRHIA ofthe.campanents As
di scussed above the second noiety nmmy be specific for the substance, but
bi nds a di ¢ SRSt e on the substance than the first-miety. The = o

~ i mobi | i sed supppid kinRYy bemprige aatiesminidnt Wl dhsalioSiy @bmastautioh OF tiel dpet Pl at e.
Each assay can therefore be carried out in a separate well- in the pl ate '

~ The kit naysuabds mv@dermayorcmmebawwl%ﬂmealfy seel) frsinsigemenit i on. |
" noieties - or washi buf,f be used in.the.det t|o stes The klt may

addi t i onal | SPURESHHPFYE: P?&B%ﬁ? O PR 8T ¢ eenéseparea %6n % 78m t he
sanpl g5 S uc@ﬂﬂﬁxf‘cﬂﬁv&? RAftAldoeit. The agent in the ]ut may be in the form of a

pharmaceutical composmon _
The kit may also comprise controls such as positive or negaﬂve controls
The ‘posxt_we control may allow the detection system 0 be tested, Thus the positive
centrol typically mimics recogejﬁon of the agent in any of the above metheds. e
20  Typicallyin the kits designed to determine recognition in vitro the positive confrol is
| a cytokine. In.the kit designed to detect in vivo recognition of the agent the positive
control may be a.nnuren to which most mdmduals should response
The kit may also comprise 2 means 10 take a sample containing T cells from
_ the host, such as a blood sample. The kit may comprise a means to separate

25 . mononuclear cells or T cells from a sainple from the host.

Polvnucleotides, cells, transgenic mammals and antibodies
The inventioxi also provides a polynucleotide which is capable of expression
to provide the agent or mutant gliadin proteins. Typically the polynucleotide is DNA
30  or RNA, and is single or double stranded. The polynucleotide will preferably

coniprise at Jeast 50 bases or base pairs, for example 50 to 100, 100 to 500, 500 to



"‘of PBIVCs or - T cells fromthe sarrple The k|t may be deS|gned to aIIow o
detecti-on of the T cells. di r.ectly i n-the sanpl e without requHrAlijaﬂﬂ/
r_separat|on of the corrponents ‘of the sanple. The kit nmay conprise an ' _
, |nstrurrent whi ch all ows administration of the agent, such as intradermal
_..0r .epi der n¥liD (AlFNI%I stration. Typically such an i nstrument PEGVERI0SHETE0 '
-pl aster, dressi ng or one or nore neédl es. The instrunent may allow
-.balllstlc delivery of the agent. The agepj_in the kit may be in the formof
" a pharmacedtical conposition . The kit nmay al so conprise controls, such as
- positive or nggps | Cc |

.det ecti on- Syztemﬂpgg@?gd;?&éﬁmm_le%ges&ﬁ%aﬁ dﬁs{ﬁ?l ‘\ij@éﬁrﬁgn roﬂ%t %&%%Fﬁ y mmcs

“recogni ti on ofmpties agpencd whiahynajdes fie sahosree GRSPQUAD. NOY Piog 3lok Yiny Bfﬂl@e kits
- designed to determne recognition in'vitro thé positive control. a-

~cytoki.ne. I ?'Benfsrfgc%qlegg§f°§1138 the)>'qad Scef this cpHing srafw@gmheumhymlephée agent
_the pOS|t|ve | t L.ch dual s shoul d

- response. efﬁlg 68{10 SQ %%%% f’g‘g&é’“gn%’%é‘ ?%B@Eeéﬁgmﬁ PGt S ning T
cells fsomtbﬂjohg)standSSUf&thee‘es%q@ﬂé@ﬁm&ﬁé%r@espa'ﬂlﬁn*bﬁadmge&o”pr' S€ a neans

- to separate nononuclear cells or T cells froma sarrpl e fromthe host.

. Pol ynucleot i des, &dpilr 3ttpsbarsanenqemnneding thepeptidd hegokysndleetidahasnt i on. al so

| d | eotide which abl of t de the
Baont “or mut S S reatotee SEERES £ e P R BN or
CRNA, and i S cothyie@eienBRutkich SidTaBARMon, E*aeh Mmeﬁl:n%t An%r\%a!n%iaﬂ% lgrably

..conprise at | east. .50 bases or base pai rs for exanple 50 to 10
500, 500 to- ﬂ;equuethmadMg)tmelageev gﬁhmym@aneeﬁﬁ@ be24pah0O6f ©1preseing t o -

12000 of . more, bases or. base paifs. The pql ynucl eot i de herefore conpr.ises
.sequeni% whi ©fi 2877 HERYRTYOFS © Ega'fﬁéﬁ%t&%?ﬂl %E@ﬂwn yment e polygucigptdess the

agents nenti %gﬁﬁet&?éfﬁrgssmt%e Qgeu'éhn 288 minah cElh's%cff 05 H\gm rf'ﬁﬁ'ﬁg of e

pol ynucl eot i of the iInvention has sequence_ or 1 are Ui fferent -
fromthe seqmdame(egrmounctmmst)ﬁelland 3' to these sequences In t he

corresponding gliadi B’ gene., [or 3" -to the, sequence encoding the < -
- peptide the pol ynt@PEED 18%“ Hﬂ’ieﬂféo%fﬂahbﬁbfé@%ﬂ%@%“éﬂﬁé@lée Sequence 5'

"~ .and/or 3" t i o
andlor 3 RipRIERL ) SRAUENOROTIENHL! SR SERNRIESD Sl .
encoding t hesag;em hyBiidispiohintehady adeieralushy &aaRdhe oPheBip RSEERNJ
stringency (for example 0.03M sodium chloride and 0.03M sodlum citrate at from

about 50°C to about 60°C). However such hybridis: atlon may be carried out under
any su1table comimons known in the art (see Sambrook et al (1989) Molecular
Cloning: A Laboratory Manual). For example, if high strmoency is required, suitable -

20 conditions include 0.2 x SSC at 60°C. If lower strmgency s requu'ed suitable
conditions mclude 2x 8S8C at 60°C.

Agents or proteins of the invention may be encoded by the polynucieotides-
described herem
The polynucleotlde may form -or be meorporated mto a rephcable vector.

25 Such a vector:s able to rephcate in a suitable cell. The vector may be an express:on
vector. In such a vector the polynucleotide of the invention is operably linked to a
control sequence which 1s capable of providing for the expression of the
polynucleotide. Thé vector may contain a selectable marker, such as the ampicillin
Tesistance gene

30 , The polynucleotide or vector may be present in a cell. ‘Such a cell may have

been transformed by the polymucleotidé or vector. The cell may express the agent



" the agent prokaryotic or euokaryotic cell. In one enbodi nent the
_pol ynucl eotide is capable of expressing the agent in a manmal’iApril@ens
. such as a human, prinmate or rodent (e.g. nouse or rat) cell. A

pol ynucl ' f the invention may hybridise sel ectivel ychRmonais
pol ynucl gﬁélﬁ—ﬂ'ghat .encodes SEQ ID.NO 3-at a level significantly above

- background. Sel ective hybridisation is,4ypically achieved using.conditions-
of mediumto high stringency (for exanple 0.03M sodi um chl ori de and 0. 03M

o um 1 3l (00 200G RORH O el DU oPUE bt

hybri di sati on” may be carried out an
the art (segpradERioaokbfteral), ﬁéa@ﬁ%ect%hﬁﬁitbzﬂfan@enﬂ TRE polfmbaRRidaber ¥

Manual ). For exanple, if high stringency is required, suitable conditions
i ncl ude 0. 2vect@ITabe Boeduged 1pig\hopt ostly Prige pewentonabtpghrigees isdndiag| e '

conditions include 2 x. SSC at. 60 ts or_proteins af the i.nvent‘ion'may'
" be-encoded B{icqlf?ep 8?%%8%6818{‘?‘&0&%@%5?’%&&%8?% OFF%&GLE@PVHHE'! eoti de may
~ form org be i ncor ppé avedtiddib@vilies PRLéSATLLHERRIctioSBEthe Brotbitd OF kS able to

replicate in a suitable. cell. The vector may be an expréssion vector. In

such a vect ovettim poteppmbisiagoneate. histowy domypesist i (ehcultivatogertmbifprhéhked to a
control sequepce, which is capabl e. of providi for the ressi on of the- '
“pol ynucl eot F‘g as dl%ﬁ’ge@@%?vﬁru ’S/coc?gﬁtoﬁ? ﬁ‘ahal@’f-g%tcémeés’%?{é??mé%ﬁngs t he
anmpicillin ' Eccd8Rsy thERQpRQky e A& Ron¥l tuferolisg;\é, ent in

a cell. Sucﬁlregé?g?ﬁr]ﬁay have bee]?\ traggﬁgfﬁ?gg byﬁtoﬁe%gol ypnu I'ggcti%?or

vect or. Thebe &sblatetdeandérprnaded tiydechgeves kdovapm the 2604 WO. 01/ 25793

'PCT/ GBQQ 03760 e.cell,. will be chgsen to be conpatibl ith the said

Vect o tind may f abeRanrb e i SRR ibet eengraer ) s egent o noeet or
manmal i an C ket B ROIARHE BRIk fIRINT sulPRLOEniBY (RDdUHOFHERE s BLO hOST
"cell s using cBnventional techniques incl udi ng caFci um p bspﬁ%te o
preci pitati preseddtAbe abgyormamentiamsiftecdtn (ng. poritydldschssep hemin iomelatldreto

i nventi on provides processes for, the ﬁ%rﬁod ction of_.t hg proteins of the

~invention byhengempo?fr_raﬁf-r}‘fﬁe%?% Theripeenvag asampeyide T aliscriith oRrosngud
expr o5 on G TEet o SHEN P BRI R iR R B o
pol ypeps i de theGavbmival | y, the pol ypeptide may be isolated and/or purified, -
D e K s i menaan ™ ] SRS T W
o specifically recogi:isé tﬁe agents (such as any of the epiiopes of the invention) and
- )ﬁhich recognise the mutant gliadin ﬁmteins (and typically which do not recoguise
 the equivalent wiid—tfpe gliadins) of t‘herinvention, and methods of making such -‘
- 20 antibodies. Antibodies of the invention bind specifically to these substances of the
| invention. | . _
For the p_uxposés of thus invention, the term "antibody” 1ncludes antibody
_rfragmeﬁts such as Fv, F(ab) and F(ab), frzigments, as well as single-chain antibodies.
_ A method for producing a polyclonal antibody comprises immuniéing a -
25 snitable host animal, for example an experimental aniroal, with the immunogen and
1solating immunoglobulins from the serum. The animal may therefore be inoculated
with the immunogen, blood sﬁbsequen‘dy 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

30 produced by fusing spleen cells from an inoculated experimental animal with tumour

cells (Kohler and Milstein (1975) Nature 256, 495-497).



Jfragnents thereof mhlch are capable of such recognltlon (or b|nd|n ). These
can be present in the any formmentioned herein (e.g. purity)l Apdeleded
“héreininrelation to the protein of the invention. The invention al so- ‘
_prOV|des T cells which express such  TCRs which. can be present in any form-
“(e.g. puriwpoidimeussed herein for the cells of the inventiPaT/GEl@3760 °
~i'nvention al so provi des monocl onal or- pol ycl onal anti bodi es. whi ch.
“specifically recognise the agents (such s any of the epltopes of the: .
“invention) and whi ch recognlse t he. gﬁt gliadin proteins (and typlcally

~ which do not th | nt d i Lhe
e o e e BCeor R AL AR R e
- invention bi ngnepeehiligabdivire ornehﬁrssd@sh% 68 8rcin INQILAVG Hje@8d For the

- pur poses of "this invention, the ternt"antlbody i ncl udes antlbody fragnents'
“such as Fv, HKiwdperiomaally ﬁ:b)fdmiatiogmémcnes feidvazlibtodbe Biongbeeashal an-ant i bodi es.

A rethod for Rhgduchs b oD R PRk b R R e i i By i
| munogen and,, Asn}lsssgn ﬁ%ﬁllﬂhﬁ&éfﬁﬁ%ggéﬁgﬁ%&mﬂﬁ@%ml may

~therefore be inoculate th the ubsequent |y -renoved
~“fromthe ani plectshes veith BsteihsBect vios. puri fi ed. A net hod for producing.

“a--nonocl onal antlbody conprises _immortalisjng cells which produce the
desi red .anti body. FagH Rf@%t@élolf@ﬂi‘é?o%l%ﬂi’c@&y%%*@%?bﬁp &‘éen cells

- froman inocul QEE! er and -

Mlstein (19f% ‘ﬁg?ﬁée g%9§3%mﬁpéa&klgaﬁ %Hggﬁﬁmﬁl) %§Eﬁé§§§ :
PCT/ GBOO' 037 6QnmidBgerf¥hay boRdiniliitzed ac £ bbnjpsndicwhighthsintesioged isdupleddy may

be selected by a convent i onal procedure. The hybrldonas may . “be grown in oo

cul tur el @r :ﬁpwwlsm@spaqhemgnwftfsrm@ﬁsmrsn Y$s, tssoﬁwtéslesmen or )

ot ooty oy e S ERB B 5L PP TR R P R
fol l.oned by tihansdiGhipbd RBlagd dddeif dedibddPhiaeiddes Wi t-h Epstein. Barr Virus.

For -the productlon of” bot h nonocl onal and . pol.ycl onal antibodies, the-
experimental ani nﬂlhelwlmpteabﬁ% agemoprbtely eitsitbody ef thednveptien. mﬂ)’f cagiy's r ed,

“th t
oupl o P oelRRE 5, Wt Bhftefa Prt B B Gl Bp R i et bR s
.toas -'%tab' SyGal %Rec-ﬁlaﬁ, &pﬁfohh@iwﬁ@k@&ﬁh%fh@obﬂc&ﬂﬁﬁ%hﬁyﬁowﬁé akogi cal ly

accept abl e carrier. e-antib
preferred Such a system is typtca]ly based on an enzyme label which causes. co]our

change in a substrate for example alkaline phosphatase causmg a colour change ina
substrate.’ Such substrates are commermally avaﬂable €.g. from B;oRad Other
suitable labels include other enzymes such as perox_tdase or protem labels such as

20 b10t1.n or radtozsotopes such as P or ¥8§. 'I'he above labels may be detected using

R

known techmques
Polynucleottdes agents proteins, anttbod:es or cells of the mventlon may be
in substanttally purified form. They may be in substantially isolated form, in which
case they w:dl Uenerally comprise at 'least 80% e.g..at least 90, 95, 97 or 99% of the
25 polynucleonde peptlde antlbody, cells or dry mass in the preparation. The
polynucleotlde aaent, protem or anubody is typtcally substa.nttally free of other
cellular components The polynncleoude agent, protem or antibody may be used in
such a substanttally isolated, punﬁed or free form in the method or be present in such
forms in the kit
36 The mventmn also provides a transgenic mammal which expresses a TCR of

the invention. This may be any ‘of the mammals discussed herein (e.g. in relation to



obtained may be isolated and, if desired, purified. The polynucleotide, .

_agent, protein or antibody of the invention, may carry a det dchRibRB04 abel .

. Detectable | abels which allow detection of the secreted substance by vi sual
.inspecti onally with the aid of an optical magnif are
preferregnj %&Dzﬁa systemis typically based on an enzyrr\e:"i:g}g;glBF ch causes
-colour change in a substrate, for exanple alkaline phosphatase causi ng a

~colour change in a substrate: -Such subgtrates; are commercially

. available,'-e.g. fromBioRad. Oher suitable | abel s i ncl ude ot her enzyrres

such as per aké gaglection ofthoamibody)a Petlerabbiiti n@anBkiGak b i0fusEpdbRl, &0t opes,

such ‘as. 32P or 3'S The above | abels may be detected using known technlques

. Pol ynucl eot i apglac @)@%ﬁﬁ? sThWéiahglaV&h’?lﬁﬁm%ﬂ&ﬂ)@élm@%ﬁﬂa}( he givewent i on may -

b bst ant i al | if bst L] |.at ed
Porm i n it Gh e R LR et BT B8 TBlcnt e 008 GO By 2ot
-l east 90, 95ne@oreE hORW)OThir e el MAURA LA flBy 2B8RL &l féidefiady, cells or

dry mass-in the preparation. The polynucleotide, agent, protein or anti body

i s typikallydissbstantially free of other 'cellular corrponent s The

pol ynucl eot i de, rotein _or..antibod used.- ch a-
substantially i sg?]g BeroR ATPPIOViAGS petho %{BEafﬂ%PPﬁ PFB'?%BV iBe present
in such forferbBuid¥er lsdemac dRusk eaﬁﬁama@a@rhﬁﬂst&WA é%sa;daze}sﬁﬁﬁéﬂ;%%ﬁ manmmal
whi ch expresses a TCR of the invention.” This nmay be-any of the mamal s

*di scussed h emnemma ef'gxe inventied whichhas, @r Whigl islsu@Bptdhle WDcO:1ia2 81888 and

PCT/ GBOO 03760 --27- duction of the anti ho er abl the'man’mal
has, or is s ﬁl"\éb ﬁigsu%é%??%fﬁv‘?ﬁt%%ratsﬁm B?éﬁ??é‘?mﬁé méF‘s"%/)a-‘e’Bbﬁress -

- HLA-DQZgand/ evé?ﬁ%ntb? trghﬁﬂ%ﬁt &F cogl'lzﬁzt di6R8PIddsdaRbe thadinl 3G sl %jsc‘{: cause

coel i ac di sease (e.g. any of the gliadin protefns nentione erein). Thus
~the manmal ntyrapett@godnstaiinghed pmdtdtelmdyd;re wee kd @eat orlprseas eceliBhdisemeent i on

al so provides a ngthod of iden a. product i s . therapeutic for
~coel i ac disease gﬁ‘rﬁl"i"ﬁtlﬁ‘ 12V ‘?ﬁ ?ré SRS (H“:gléjh‘&ﬂ H&P%Yq%%‘ﬁ)s%%&sé’ft o a mmal .
~of the.i nven%%%'sﬁﬁstﬁ@&’ 1 2o éé}t ﬂeﬁs%ﬁﬁ:%&‘n‘g@lle& Qof ‘&l Sl f sease and

det.er mi ni ng substan e prevents or t coel-l ac |sease I'n the -
- fmammal , the These\sahdtiees are forreddtietfor chificalosiniaistaiadgasixiddheatiitga hat t he

substance I's a
15 pharmaceuntically acceptable carier or diluent. For example they can be formulated
for topical, parenteral, intravenous, mtramus cular, subcutaneous, mtraocular .
" intradermal, epidermal or tra.nsderma} administration. The substances may be mixed
‘with any vehicle which is pharmaceuucally acceptable and appropriate for the
* desired route of administration. The pharmaceutically carrier or diluent for injection -
20 may be, for example, a sterile or isotonic solution such as Water for Injection or
. physmlomcal saline, or a carrier particle for ballistic delivery. |
The dose of the substances may be adjusted according to various parameters,
especml]y according to the agent used; the age, weight and CODdlthD of the patient to |
be treated; the mode of administration used; the. severity of the condition to be -
25 o treated; and the required clinical regimen. As a guide, the amount of substance
“administered by injection is suitably from b.Ol mg/kg to 30 mg/kg, preferﬁb]y from
0.1 mg/kg to 10 mg/kg,
The routes of administration and dosages described are intended only as a
guide gince a skilled practitioner will be able to determine readily the optimum route

30 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



t-herapeutic pr.oduct. Such a product nay be used to treat or prevent coelrac
~di sease. The invention provides therapeutic (including prophylArige§s
-agents or di agnosti ¢ substances (the agents, -proteins and p6|ynuc|eot|des
“of the .invention). These substances are fornulated for clinical
'adntnrstraumnnnbwsntxrng themw th a pharnaceutrcally accapﬂa@@magﬁmrrer,‘
di l uent. For exanple they can be formul-ated  for topical, parenteral,
:rntravenous intranuscul ar, subcutaneous2 i ntraocul ar, |ntradernal
- epidernal or transder nal adntnrstratron ?he subst ances may be m xed mnth

any vehicle h i s har uticall acc riate r the -
desired rout \é@% %ghor“?’ﬁe 1%%}?5? ﬁt"?@éﬁ“t gao&&gg}"mﬁp b88¥uent
foor injectiong ctar:a: ﬁ@rm@wmle@m AmiRBIdr reBfing SIOIrORinking ebdifak Akegsich as .
~ Water for Injection or "“physiological saline, or a carrief particle for

bal listic. deI’]Ihcem;ennanelsd(pscemtﬂ‘thBlagersmﬁst:ammersmm:ﬁgudlmémdpﬁsme&joﬁaccord| ng to

vari ous paraneters, pecrall according.to_the ent used;.the a
~.wei ght and. c SRRANGATRL g}rt?:ﬂgn:p RrEYﬁ“t’Pﬁco Eactdr‘%eeglgm?h%“ﬁﬁﬂﬁméfpmwgesa

adm ni sty atr g o No) CQ%DES t and the
required clinl éhl?ae gr%@rr%r?i ﬁg{rg&%ﬁq{?& lg&g%ﬂrlt?&u? SSubst gér?%é’etg,a

adni ni st ered hbmanrim eeéd therebSa auistaatd gfthe et O (thpickly 4 mm?ﬁﬂméﬂ?@twe
‘preferably from O. / kg to- 10 my/-kg. The routes of administration and
dosages descraﬂ@ed”allf:@ tended only as a guide si nce a skilled

practitioner will ﬁgog‘gﬁt%f?l%rlg‘gétﬁmm | Cgcfh LLYibRe s uc eﬁ%%ry THe

—.adm ni stration an age any par. “pafi en ,
- subst ances ofedhRRukH\BEH sty usB WS hﬁ'ﬁﬁtoﬁﬁtdd&»ﬁdth'eﬂzﬁ l'!l&x%h%ht@ﬁayttieﬂﬁﬁd@nt of 1
" April 2004 WD 01/25793 28 PCT/ GB00/ 03760 the human or ani mal body, or in. a-.
di agnostd ¢ . nétdnudlqagatmlm@tldﬁergheﬁwmmmomwhwh pwwmemwln hey may be

used in a. nethod .of treatin re el i.ac d| Th |nVent|on ‘
" al so provi de CPWBHQﬁeth? §eqt’8?°%lfgeheo%e-p§% #-H%Hep eﬁﬁ*ﬁ’u‘? §ﬁ8 medi.cament
for treating pgfypRpRuetyf fopexaaft hwowsﬁeetﬁepo%u&deh@ch@yaﬂhba B ges a

nmet hod of preventr ng or treating coeliac diséase conprising adm ni steri ng

to a human .py prhgsdali}hlmeégﬂ thegolypepindee Tie pdiemiciepgde phihe (aveptiembinba -
non-toxic effective ano t ereof) The agent om}ﬁhe i nventi-on can be rrade
usi ng ‘st.andamMPogng H P%?:sn RE 2 SEYRHSEE by use of an -
aut omat;ed synt hesi zer. The agent may be nmade from a. Ionger poI ypeptrde :
‘e.g. a fusron protein, whi'ch pol ypeptide typrcally

Plant cells and plants that express mutant Qhadm proteins or express proteins

| comprising sequences Wthh can act as antaconists _
- The cell of the invention may be a plant cell, such as a. cetl ofa gramjnaceous |
-monocotyledonous species. The speciefs may be oue whosc wild-type form expresses = =

20 -crhadms such as any of the gliadin protems mentioned herein (mcludmg ghadms
B with any decree of homology to SEQ ID NO: 3 menttoned herem) Such 2 gliadin
‘may cause coeliac disease in humans. The cell may be of Wheat1 r:narze, oats,,rye,
- rice, barley, triticale sdr—ohum,- Of sugar cane.. Typic'ally the cell is_ef. the Tﬁticum : |
genus, sucb as aestivum, spelta, poldmcum or monococcum. _ '

25 | : "~ The plant ce]l of the invention is typmally one which does not express, a wild-
tjvpe ghadm (such as-any of the ghadms D_:terttloxlted herein which may cause coeliac
disease), or one which does not express a gliadin co'mprising a sequence that r;a;n be
_recognised.‘by a T cell that recognises the agent. Thus xf the wild-type plattt cell did

- express such a gliadin then it may be engineered to prevent or reduce the expi‘eséioﬁ :

30 of such a- ghiadin or to.'changethe amino acid sequertce of the gﬁadin so that it no

longer causes coeliac disease (typjcally by no longer expressing the epitdpe of the



conpri ses the sequence of the peptide. The peptide may be derived fromthe
pol ypepti de by for exanpl e hydrol ysing the pol ypeptide, such asARf#i2R84a -
protease; or by physically breaking the pol ypeptide. The. pol ynucl eoti de of
the i.nvegtd Anssan be made using standard techni ques, supbraRBoPY3YEI Ng a
~synthesiser. Plant cells and plants that express nutant gliadin proteins
O express proteins conprising sequences which can act as antagonists The -
cell of the invention maybe a plant ceBP7 such as a cell of a gram haceous .
monocot yl edonous species. The species nmay be one whose wild-type form
expresses iglbémidbhs, such as any of the gliadin proteins nentioned herein-
“(including gliadins w.th,any degree .of. honol o f 0 | i | oned - .
herein). Such.a H¥ ﬁﬁ}??d%)yfo%%{%‘?@ ec@eﬁ“?ﬁ%ucé? eg%gogﬁgﬁouﬁazygog?%ggéﬂel_l may.
be of wheat WS o1 08 8 10Rr eI &¥ito bddidd Gadc@-codgyBlgm or sugar
cane. Typi C%H %h?%h@ Fe%@g%%hetcﬁg,@h ti cﬂum %‘gnus,,g such as a;%gtgimvum '
spel ta, pol srainotenreionshnBudcmutatiofivanbeany of Setypsfordensth phpsitipeh i s

typi cal |y one which does not express, a wild- Iiad'Fn (suth as any of =
the gl Padi néiseussed hsrra (e FEielRHRRR 0%139%8%@38% | 1ECPUHRERERYPE or one
whi ch does not .expr . Ladi LShOg; &fsis atomalbebes
recogni sed B@yg&ucﬁg@??ﬁ?ﬁg&% }n%gié%}g(%l%smg%%?%gggg%%@uT us if the vm'gl d type
plant cel | * dicgmBHaAties fchilgiesi ogin 2mhdo ennért(e. gaysitge srugigsuanddhano prevent

or reduce the expression -of Such-a gliadin or to change the.amno acid
* sequence - of typinallyiselgeting fepmufagenised Iwgﬁ?ﬁ*eqn leagfe §§pr8§§g°ﬁf’ 5@‘“&? Z]céréls e .
(typically b o | onger ‘ ' . Iope of the I April 2004 WO
01/ 25793 p@ﬁé@@?%’ﬁ%@”ﬁé@E%%\%eg%“%ﬁgﬁ%ﬁ@z can be done for exanple by
intr oq]lbci Ng Nut ati MRS adebfPldnts orZplad cells thiar expedss. aptoteh tecbmgtiseadi n. genes’ in.

the cell, for exanple into coding or non-coding (e.g. pronoter r.egions). . -

Such nut at i eameserabbetoasyavin AfReonishEcER HIEN §F HlaB‘fceﬂﬂP PRSS 2d7 e ussed __

-herein (e.g in relation.to honpl |, NS ' o be -
"mt roduced P BAERTRE ARy (e gl Gl fveas [ R MRSGEER 20
“honol ogous E—%ﬁﬁ’mfﬁﬁé 4ffb o B Bejuan@syilivaudetefudet Bokdline disenersyfoptams usi ng a .

. ut agen, and en typically sel ept_i&g for nutagenised cells.-which no

"l onger expr gsschtad@ogymatins) foan mdylidustvho srageis A eodipmenrisieg et iem; ac

di sease)): In the case of plants, or plant cells that express. a protein -

- that . cbhpri dbeplant or lEGethce able to act as an antagoni st such a plant or - .
plant cell may e 1d: Gls Ll RiatIe s {ransfornedenteiibeh causes .

- coeliac disease) %&?ﬁe@gﬁg% ﬁ%%gﬁs Exlﬁéee%@idﬁ_(or ) . R

. plant cell will generally comprise promoter capable qf expressing the mutant gliadin

 protein the plant cell. Depending on the pattern of expression desired, the promlot-e.r o
may be constitutive, tissue- or stage-specific; and/or inducible. For example, strong
2 0  constitutive expression in plants can be_bbtajned with the CAMV 358, Rubisco ssu, |
| or histone promoters. Also, tissue-specific or §tage"-sp'eciﬁc' promoters may be used
' 1o target expression of protein of the invention to particular tissues in a fransgenic
plant or to particular stages m its development. Thﬁs, for examiple seed-speciﬁc,
- root-specific, leaf-specific, flower-specific etc promoters may be ﬁsed. Seed-specific
25 promoters include those described by Dalta et al (Biotechnology Ann. Rev. (1997j,
| 3, pp.269-296). ‘Particular examples of_'seed-speciﬁc.promoj:ers are napin promoters B
(EP-A-0 25.5, 378), phaseolin promoters, glutenine promoters, helianthenine |
- promoters (W 692/17580), albumin promoters (W 0981454603, oleosin promoters
(W098/45461) and ATS1 and ATS3 promoters (PCT/U S98/06798).
30 - 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 plaﬁt tissue, e.g. a callus, or a fis_sue 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



“presence of ‘the antagonist sequence w || ‘cause reduced coeliac disease

- synptons. (such as no symptons) in an individual who ingests a T8pd 2004
-conprising protein from the plant or.plant cell. The pol ynucl eotide which - ¢
is present in (or which was transforned into) the plant cell o e
. denerally wWomprizse pronot er. capabl e of - expressing the nut aRCTHFBADBTEO
~protein the plant cell. Depending on the pattern of expression desired, the
-~ pronoter -may be constitutive, tissue-a@tage-specific; and/or inducible. -:

. For' exanpl e, strong constitutive -expression in plants can be.obtained with

‘the CAW 35 ﬁ%ﬁ%’%‘%ﬁ Pt xamle, Bh ShATEREAEPLAL Sucif sSPeatlus S aPeCt fi ¢ or -

st age- speci fi

will

ers nmay be use to target expression of protein of

t he i nventi ofiffeenfiéed celljlsack b seeibsf d typafdund s gebiyos, plllent roots, shwoaott i cul ar
' ' ' root - specific,

.| eaf- speci f ileaves] Biast Papeirivde 4ty SPetdedes and pafie INYOREd ISERPIREISHEN, i ¢

stages in its devel opnent. Thus, for exanple seed-specific,

(1567 3, gt Soebid Fre BRHARTRUM, PRlkPsbhisihg CllORBRARD

1 a0y Ann.. Rev.
IC pronoters are

‘napi n pgonoters - fTiRndedlicdprbvidesSinethiol as 6btainingdi famigenis plgl ykleni ne _
pronoters, helianthenine pronoters (W92/17580), album n pronoters , '
. (WD98/ 45460)comprisusg transfosming:? plan{ sabiositus pelyrudeatidapsyedpgoitisyspbemt er s -

* (PCTI US99/ 06798) . The cel | may be, i f For exapple. ji rmmy he
{solated ool s yiaese sl bt B pm i TR Sl TR BC ™

€. 9. a call uge o i WHeaSHE t&k8igee0iEEBIan VRkiRW ot a0 Biblechiodel PaeY.- of a
whol e plant. The cell may be of any type (e.g of any type 1

-.01/ 25793. PCTH BRI 3T H0be B@4).oPrefrirreditrapsforpatichgechaique iecluden .

undi fferentiated cell, such as a.callus cell: or a differentiated cell, -
Such ak0a cellreugporioh oL PRLAH TSN B LT ImP B O IRER P | caves

c
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Plant parts &;Gé;%il&g?isé Eb%l%"en 3%k Sie dr??ﬁ?ﬁiw&i!&g sPRE c8lld 4 elaM@nichnd

reproducti on, as po ova, S

nmens, anthers, petals,

“other flowersopardrsnoiThe invention provides a nethod of. obtaining a

transgeai c plant cell _ ‘conprising transform ng. | ant cel
pol ynucl eot de or Thetalioi the ImveRticnQrdhps Qhiaing Cﬁ‘a’@gy‘ge

th a

" Any suitabl euénéggﬁgé gfagﬁﬁi/%gh{;ﬁ@&%omn %I?e a8 'és% by ibMvEARSsObF

t echni ques di _ et al, ot échno

ogy 10, 667 674

sepal s and

FSSAREAIOB ant cel |

t the
1992) -may.

be usedy- Prabest abstaharshoh aniioms, gbetdliguad/dr eeloittinsboattmdpetet | on of -
pl.ant prot opT asts -andscga_rt I cl e bonmbardnent... Transformtion may

rise to a chgmethzgad/o

t hus give

yuisicgrofShatnserRell nSIFEieY cEPRQuSSUER SnRAce and

embryogenesis and meristem culmreﬂmay,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, 66_’2, EP 672, 752, . |
20 < 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

25

5,554,798, US 5,489,520, US 5,510,318, US 5,204,253, US 5,405,765, EP 442,174,
EP 486,253, EP 486,234, EP 539,563, EP 674,725, W091/02071 and WO 95/06128.
In many'sﬁc’hftechhiciugs, Qner'step is the formation of a.callus', l.e aplant |
tissue comprising expandirg and/or divi‘di_ﬁg.'cells. Such calli are a fm-ther aspect of
the invention as are other ﬁpes of plant cell cultures and plant p'a.rts. Thus, for
example, the invention provides transgenic plant tissues and parté, including
embryos, meris'tems, seeds; shoots, réoté, steﬁs, leaves and ﬂqwer_ parts. These may
be chimeric in the sense that some of their cells are cells of the inver_ltion and some
are pot. Transgenic plant parts énd tissues, plants ﬁnd seeds of the invention may be

of any of the plant species mentioned herein.



some are not. The cell of the invention or thus obtained cell nmay be :
regenerated into a transgenic plant by techniques known in tHeARH{2004hese
. may involve the use of plant grow h-substances such as auxins, giberellins
~-and/ or c#} o(g]ipqi]ﬂs to stinulate the growh ahd/or divisi O@C@fcﬁobf‘s'f% ansgeni c
cel I sifd Ty, techni ques such as somatic ernbryogenesis and neristem
cul ture maybe used. Regeneration techni ques are-well known . in the art and
exanpl es can be found in, ‘e.g. US 4,459%8B55, 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, B3gemosionygosdnne wi ypicady suatvs e scleationl apgsiozmed Us
5,179, 022, U§§ , 565 3;1(%, > 5,484, 956, US 5, 508, 468, US 5,538, 877, US

5,554, 798, . ‘B @ggus deattig 5558 0, 318, US 5, 204, 253, US 5, 405, 765, EP ,
442,174, EP 48612330 dnbraA8R stp GivebRs 3% 288genkRi8d fadsenic PO/ PRO71 and VO
- 95/06128. I n many suc% techni ques, one step is the formation of a callus,

i .e. a pl antinventies aso poryddssngipdsp abdinmg wamdsoric dlagisdif fiyythee Benerat®ach cal |

are-a further aspegt of the inventjon as .are other types of .plant cell. -
STt ch andioph Bt LisaBrasreben R SRR REO BRSO A des
transgeni c @rggéugg’#aéﬁyﬁsm, PR fourthNGHA AoBE ar@TOANSG SenerMRIL WP Seeds,

shoot s, roots, aves "and flower parts. These may be chineric in
t he. sense t hdtaisainonf the fiestigenebtion temsganad plantdfy dolyendany emgwioin theditsone ar e
not. Transgenic plant parts.and tjss s.and seeds .of the invention

: 1 ues,, pl nL _

may be of any of WiethfIBHSALIAHBIOPIES wﬁﬁ%ﬁg& RS b TasseRYEPTO%BH4 WO

0112-5793 P%&%%gﬁ@%%% i E&Qﬁ&%@e&%@ Lgin@@&%lgﬁseﬁy dihotio0oR § &y
ec S Dy

/ 5

i nvol ve the %€ On of tTansformed> ce Treans of “rrar ker genes. -The
regenef at i onyesbRfod triRspenicytant of the investiogané pptiomity tbwnsgemasgphiant . The
i nvention also provides nethods of obtaining tr%gégeni c'_(E)I ants. of, further
gener at i ons PlxwAT e o PeredRriiE gersEttss ornhe seormd SEPHRRONRIGEFIYAE2 Yy ogeny
~transgenic p anttﬁhmlg&oge-ny plants of second,third, fourth, fifth, sixth and.

further gene 41 PoRS nmay be obtained fromthe first generation transgenic -
pl ant by any neansrokegyiant idybedidduced o, théih preidasesstirs ofieagdieovi des a met hod
of ~obtaining a transgenic progeny plant conprising obtaining a. ' :
- second- gener gmettions by sgekReVpiesifidie- Br apticrias pregey pRoSJaMETaRPared
transgeni ¢ p] ant of the invention, and optionally obtaining transgenic
pl ants-of on®or nore further, generations fromthe second-generation
~progeny pl antyb s OREfkEBEE seed from a transgenic plant of the invention belonging to a -

- previous ge_neratio_li, then obtaiping a transgenic progeny plant of the invention. -

belonging to a new generation by growing up the transgenic seed; and/or

20 propagating ¢lonally a transgenic plant of the invention belonging to 2 previous
generation to give a transgenic progeny plant of the invention belonging to a new

generation; and/or

crossing a first-generation tré.nsgenic plant of the invention belonging to a previous
25 generation with another compatible plast 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.

30

These techniques may be used in any combination. For example, clonal



f'Progeny pI ants may be produced fromthelr predecessors of earlier . .~ =
_-generations by any known technique. In particular, progeny pl én‘b@'@ﬁ% be -

- produced by: obtaining a transgenic seed froma transgenl c plant of the
~-i'nvention belonging to a previous generation, then obt ai ning a transgenic

. progeny plwatyyefset he i nvention bel ongi ng to* a new gener at 'P@TI@B’OOQB'R;W ng up
- the transgenic seed; and/or - propagatl ng clonally a transgenic plant of-the

- i'nventi.on belonging to a previous. genergtion to gi ve a transgenic praogeny
plant ‘of the lnventlon bel ong| ng to a-n generation and/ or crossing a ‘
first- generatlon transgeni | ant .of th - to. a reV| ous

g bel o
generati on AYHRSANGE # Se&f ?%flambfﬂéﬁ (g? SRR mﬁ?sS Hy pl ant

“of . the invep Q@h%ﬂé did Nai ﬁﬁ%l@f‘d?%ﬁﬁw 26n. &'ﬁ:@dﬁ‘ld:o EtWeQRERI N ng .
transgenic gr?\oéég%; pl ant sgéof Igne Sor nor e furtaher gener atlofriég frgmt he

~ progeny pl ankossingsvitibs glanedzxon msagran@ahcﬂlhmMHdﬂg clrracisatics magby :

. conbi nation. -For exanple, April 2004 01/ 25793 PCT/ GBOQ 03760
-32- propagé@ﬂ‘%}ﬁaj’&ﬁd é‘@kﬁeﬁtepﬁr"gﬁ%@%‘fq’%ﬁe é@&é&n TSR ALY B3Rt s in
a process t nsgeni ¢ plant suitable for cultivation.- -
In -pae‘ﬂfsl culqgér repe%?%ésegigggd&g?osm ng with.a plant taxon wth _

- agronomical |y desuE@,ElmhMﬁmlebhﬁaatammmaly&e intnstictdbptransformiihgthest eps

of renmoving cells froma plant and regenerati ng@new pl ants therefrom rmay

_also be car m@&ip&muswe&@lmtap{ﬁéﬂs deany wiiphleskge dt theabeys RISCHEyBe
i ntroduced b ,
! SOVt el BRSP4 s out A o e o R

sequences OtThey mﬁ?ﬁ@ ctulai@d mt bl 1eciniqes defcribBEhdraiens he introdlbiisn SRy be
carried, out b.y the techniques described-herein for the introduction of

. pol ynu]d] eot ipdbmuofeotities affhemvertion. For exanpl e, . - further transgenes may be "
sel ected from-thgse coding

. tolerance to: O yphESHTRY( fe“r@“” B Qgénegl%?r %(F:? g ﬁ*go& %@gg foé oéber o=
ol e ance | ?ﬁzﬁﬁéﬁﬁﬂi‘&%ﬁ;ﬁ%ﬁ‘?ﬁﬁfﬁﬁe af‘ﬁ?o‘? “?%@SW@“Q SJ
phosphi not ‘hrgesé (e. DR 29HAs3)erasgly (hRAaTy Omdogidupfam G’?éoéﬁ?r‘ﬁqfﬂé%@ grank -
} - ortolerance to fosametm a dlha]obenz.ommle ]ufosmatc e.g using a
: :'15 ._phosphmothrycm acety[ transferase (PAT) or qutamme synthase gene
) (cf EP-A-0 242,236); asulam; e.g. using a dlhydropteroate synthase gene -
' (EP-A-O 369 367) ora sulphony]urea7 e.g. usmcr an ALS gene); d1pheny1 ethers such
as ac1f1uorfen or oxyﬂuorfen, e.g. using a protoporphyrogen oxidase gene) an
oxadiazole such as oxadiazon; a cyclic imide such as chlorophthahm a phenyl
20 ~ pyrazole such as TNP, or a phenopylate of carbamate analogue thereof.
| Slmllarly, genes for beneﬂcml properties other than herbicide tolerance may
| be mtroduced For example, genes for insect resistance may be introduced, notably
genes encodmcr Bacillus thuringiensis (Bt) toxins. Likewise, genes for disease
resistance may be introduced, e.g. as in W091/02701 or W_O95f06128_'.
25 Tfpically, a protein of the iqvenﬁon is expressed in a plant of the invention.
Depending on the promoter used, thlS expression ﬁlay be constitutive or inducible,
Similarly, it may .be tissue- or 'stageQSpeciﬁc, i.e. directed towards a particular plant
tissue (such as any of the tissues mentioned h;arein')- or stage in plant development. '
A The invention also provides meﬂnods of obtaining crop products by .-
30 harvesting, and optionally processing further, transgenic plaﬁts of the invention. 'By

crop product is meant any-useful product obtainable from a crop plant.



" (cf. EP-A-0 242,236); asulam e.qg. u5|ng a di hydropteroate synthase ene
(EP-A-0 369;367); or a sul phonylurea, e.g. using an ALS genr e}:ARiilgA
ethers such as acifluorfen or oxyfluorfen, e.g. using a protoporphyrogen
oxi'dase wenghs7ean oxadi azol e such as oxadi azon; a cycl i BCT/GBOEIGECch as
chl oraphthalim a phenyl pyrazole such as TNP,'or a phenopyl ate or
carbamat e anal ogue thereof: Simlarly,_genes for beneficial properties -
other than herbicide tolerance may be introduced. For exanple, genes for . -
insect resistance may be introduced, notably genes encoding Bacillus- Lo
+thuringiensis (Bt) toxins. Likemﬁse, genes for disease’ resistance may be- -

i nt roduced, Pmdgctsahammprm%/o@(ﬁﬂﬂans fhypiomairisy seqmepeet ei n.  of
the invention is expressed in a plant of the invention. Depending on the.
pronot er us 6epablenf SCHRS 3 ANANALORISL he constitutive or inducible. -

Simlarly, it ”Hmwehé&@o ks 8 RRECAREHobdPined h muthnf SE4R¢11 IRy s a

particular plant tissue ‘as”any Pesues menti oned herei n) or-

stage isn pl anprotey elapperapises Typencvapibloof &ltisig ap e wirdemisTETHiofs of
_ obtaining cr op%Elr oducts by harvesting, and optionally processing furt her,_
_ transgenic i é’dGﬂV?qwfémPrWéﬁ@PB?F Plagyparts fiop: Pree septionedhsein wWaP- usef ul

product obtajn bI e r 4 E
PCTI 68001037)673’}r ’E’E’%g%lgﬁ Cg]'f&lala g‘g)ﬂnc%ﬁjaﬁ%g P %g%deﬁx@gﬂ]%gl ns”or prot ei ns
that conpri w@@ﬂywmwe@ﬁnmdefuﬁhe@ﬁbmgngmwmm &@Qﬂ'&e&hoﬂ'hbuleﬁﬂlsent ion
provides a product that conprises the nutant gliadin proteins protein

t hat corrprl sbtaimgblppndctTiapane srages. éétﬁ‘ﬂﬁg"%, sppb & RIogYefTpast be quigab 8 }
- typi c y derij.ve M Or,. €O r n herein
whi ch expré% §§%’HD5 36‘[33 @@U%ﬁagé g‘t trnay{hgm’ﬂ({;é)?’l g\‘?c?lsa ﬁr ggt ly by
harvesting @firtheriphstessed drk ﬂoﬁi&’oﬂﬁﬁtﬂﬁﬂtaﬂ@ﬁoﬂ@%\f&kﬁow%oc’%x@&%h@@e fhe plant

of the invention. Directl éﬁﬂbom ai nabl e products i “ncl ude grai ns.

‘Al ternati v_eldyrectéwcb‘talae@)ﬁ'b £T prageskre I@bﬂemlnaﬁl leakied graduets (2. bésadhamdestl ng s
and further e of - r od obt ai nabl e .
pr ocegsi ng %P%i:f]%ﬂcagﬁéﬁ ’f’éﬁ PR} Sﬁo\% B&%‘QP%?BE@ mfﬂ%&s%‘ﬂs fets made

~from “directjy teﬁk%@eﬂnﬂfle&twalda% REAGeEERddd er i al . e.g. baked products
(e.g. bread) made fromflour. Typl cally such food products whi ch are

i ngesti®l e and dilgdlst ¢dst ef f(cpderoduntsnhat@&m@namﬁhe@fotmumhl@mommisaean by. human
individuals. In the case roducts, that co se t rotein whlch '
conpri ses, ar?ma&ﬁ?léb%ﬁ‘w%ﬁce?@q{ﬂgﬁﬁydﬁtem?%@ao FPBRE ™ VpﬁPgﬁd’gUWﬁrl se
wild-type g eﬂr@i%l'a% Oynputam g&ﬁ&qg ahuo &He?a@écﬁ:e@& &ta kcémal%{e@y)tleufe%%ﬁa@ o

reduction ( ete in the coeliac
dlsease symptoms after such food is maested

_ The invention is. illustrated by the followmo Examples
20 Example 1 | | _'
_ We carried out epitope mapping in Coeliac disease by using a set of 51
synthbetic ISLmer.peptides that span the complete sequence of a fully characterized a-
gliadin, "A -giiadin” (see Table 1). A-Gliadin peptides were also 'mdividually treated |
with {TG 1o generate products that might mimic those pfoduced in vive®. We also
25 sought io study Coeliac disease patients at the point of initiation of disease relapse to

avoid the poséibility mﬁ; epitope “spreading” or “exhaustion” may have oconrred, as

described in experimental infectious and autoimmune diseases.

Clinical and A-cliadin specific T cell responses with 3 and 10 dav bread challenge

30 - Ina 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



-drsease synptons after such food (S |ngested The |nvent|on IS |IIustrated ks

by the fol | owi ng Exanpl es: Exanple 1 W carried out epitope ﬁdﬁﬂl*ﬁﬂo‘?n

. Coel i ac .di sease by using a set of 51 . synthetic 15-ner. peptr des that’ span )
t he conpl nce of a fully characterrzed a- gliadin, Iradrn" (see

Table 1). q&s&%&%ﬂsn peptides were al so |nd|vrduaIIy treatea ﬂﬁ# -

gener at e products that mght m mc those produced in vivo3. W al so sought

“to study Coeliac disease patients at the.3gor nt of initiation of di sease'.

~relapse to avoid the possibility that epitope "spreading" or "exhaustion"

- may have oCcyphadicedst stARRAT LRI doRtENR §Whrtestehd Wik} BC4ddRSH BNREiAMLA] MTUNe
diseases. Cinical and A-aiadin specifit T cell responses wth 3-and 10day

br ead chal | ergeten frae diepi Sultjes tl uebysedthreadshebjese tof abddnﬁrnﬂqtaﬁn,am:orﬂh skasanin

e oo sl SRl 5 e Bl oSSBT B S, 7

~.gluten free our
slices of st Y, to their

._USUaI'gLuten%@g%e d%%%&&%u .ect i g%%%%&%gpgégggmﬂ%%gémggm%%ghﬁ%ﬁ%l pain,. '
mouth ulgers b@@ﬂchﬁlléﬁiedimarcaﬁﬁégﬂteafréﬁruste@hﬁd?ezdﬁyrﬁa rdfise S0 Qbelfdc dseaodt i nued

for 10 days with only m|d nausea -at one week. The EMA becane positive in:
Subj ect - 2 on@mﬁutaﬁttés%r%eaed ere?rlrveh@éa et pfigf thed ghelaegeuded had

ﬁgg;??vg [ngt afﬂ%_]erggo%}]m 'tﬁzﬁ% P'b ea§ Blal enoe%espﬁr% vg{bé%ngéned -

- synpt ons’ thatdaepge@ﬁ-&dm&ta, glﬁr_eﬁqre@raaétl enge resoI ved within two days after
‘returning, to gluten free diet. PBMC res(gonses in-1 ENy ELI SPOT assays to

A-gliadin pepti de PBMEgesponsestio Iy BEISRQT essapsitg mghsdempnéwmrengte But

. fromthe day-aft read wi.th of 5'
va) o e ARSI MRS A SR, Gl RS AR, 0T
showed potenzohf ﬂﬁww@se%ﬂoseso&lmr&eh@pm& ﬁept@ﬂ@k;%ﬁhmjr AlolgaiRBMC | FNg
response to iadin peptide Temained pargeted to- Pool .3 “al one and was
“maxi mal on D&y (Bool'ﬂjeredtpdarrtbcﬁ Gastapwedegptrnt Mg ofspotses (ses pgwseld)oIn Pool -3+

esponaes | otst’xrteiét‘t o BN S SR TR LS trhpm%%?%rﬁ%r FERURLPAREES ( han
- -Pool- 33not. %tas grr?trt%m&onarﬂgy § ©TROBS i Sad atﬁetdesrsre Nediodgsied

gl i adi‘n were greater treate T’TG I'n Subject 2, Poot
3 tr eatlesi Wi tFI‘ooI Q'Grawaﬁmm:'m)tﬁah elromecy’oy a—chymotrypsm dlgested gliadin. PBMC IFNY

_ responses to tTG-treated Pool 3 were conswtently Sto 12-fold greater than Pool 3 not
' 'treated with tTG, and responses to a~chymotrypsm drgested ghadm were 3 to 10-fold
. greater if treated with tTG. In Subj ect 2,Pool 3 treated with tTG ‘was also the only.
| rmmunocemc set of A-Ulradm peptldes on Day 8, but this respon3e was weaker tha.n
.- 20 Sub_}ect 1, was ot seen on Day 4 and by Day 11 the response to Pool 3 had |
| dnmmshed and other tTG-tIeated pools of A gliadin pepttdes elrcrted stronger TFNa
) responses (see Figure. 1b) _ o
The ptlot study indicated that the m.ttra.l T cell re5ponse in these Coeliac
disease sub] ects was agamst a smale tTG—treated A gliadin pool of five pepttdes and -
, 25" o was readﬂy rneasured in peripheral blood But if antigen exposure is contmued for
o ten days mstead of three, T cell responses to other A—ghadm pepttdes appear

. cons 1stent wrth eprtope 3preadmg

' COeltiec disease-spec'tﬁc TFN-¢ induction by tTG-treated A-oliadin peptides

30 In five out of six further Coehae drsease subjects on gluten free diet (see

Table 1) bread challenoe for three days identified tTG-treated peptrcles in Pool 3, and



i mmunogeni ¢ 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 theApd2BBhse to

Pool 3 had di m nished and other tTGtreated pools of A-gliadin peptides

elicitedysd joneey | FNa responses (see Figure, |b). The pipcatcebasheo =~

indicated that the initial T cell response in these Coeliac disease

subj ects was against a single tTGtreatad A-gliadin pool of five peptides

and was readily nmeasured in peripheral blood. But if antigen exposure is

- continued fQry.&NardassidensdRapording rseejo (T2padd 60-25 (1) sethe boledt-her |
A-gliadin peptides appear, consistent with epitope spreading, Coeliac - |

di sease- speglifdit comporentsrigtingdiNp fropmBMGieelignred) dbilf EégEF@Ees Infive

f six further  Coelj ' 5MDj : | i “Tabl e
Y bt ena crirrongds perl B BT B ESP UM P b ot E I o Bl P Thoo
3, and 1 Apg,ggﬁd%g"i’g.m\{!? DR A0RAPRE PPORGIFRQ resdbusel b RFIA-glidiar , '

pepti des. cofespondi nto 56- 70 (12) and 60-75 (13) as the sole A conponents
elicitisng | Eiidercorn-RBMOtypsie diestad gliadin before dueing sP@TtofewaAAys AHiFF i n

llel to IFNy ELI SPOT sh IL-1 0. t 0 TG tides ©
R ot Ca  breag eallinp cl ORRIEAES EP Bt L PR SO EMA it Bhdiee, OB [ e
" peptide or %@%%%%%%ﬁrpwm%ﬁ?@tﬁmn&{d 30 Rofsd 9%L bréuichAgnge. up to four

days after enge. In none of these Coeliac disease sub}' ects did.
EMA status changeBMOmdma&eilrihnatmhBM Areesative dutfjestsiprith she MbArPRtaHsles af t er

bread chal l enge. PBMC from fqur__healt VA- at i suhjects with the
" HLA-DQ al | eIUégOS(&I, B 1761 (ages 2505205?7%33@ “E'@t?g%%ﬁu %@ﬁ’f‘%lﬂegj)fo oee\#g * been

chal | efped f'O?h_lt%rhéﬁegfé&%‘éﬁ?%tamlutpﬂﬁ'@éjdi%{fo‘?()néﬁloh&%ﬁtﬁws’d @IENgn free diet

for o nmont'H ) responses above the negative control to any
of the A gliagioBsdaepbicits nediive oontvdl tdeast of tBESA-glemlimpeptidesTHfs or Witlertt i on of

IFNy in PBMC to tTG treated Poal 3_and A- qliadipn. peptides 56-70 (12) and
60- 75 (13) w@ﬁetr@@@pmta-éfhaﬁaéé%éo%ﬁ%@‘%ﬂe PP%@ "%{3‘87“&?"3‘1 26‘.1)&“%‘8‘ RS

- Chi -squar ed angl ysi s). i i gz pfy e Jpe 10 badi 506)4
opi tope 1 T4 PR B e AL B e s o B 6. 75
© reveal ed thafg o1 by Chi-squared analysis). R ' o
15 | |

Fine mapping of the minimal A-ghiadin T cell epifope

{TG-treated peptides répresenting truncations of A-gﬁadiﬁ_SG-’lS revea}ed that
the same core peptide sequence (QPQLP) was éssential for antigenicity in all of the .
five Coeliac disease subjects assessed (see Figure 3). PBMC I'FN'ylresponses to tTG-
20 | treated peptides s panning this core sequence beginning with. the 7-mer PQPQLPY
| and iﬁcreasing in length, wndicated that the tTG-treated 17-mer _ S o

QLQPFPQPQLPYPQPQS (A-gliadin 57-73) possessed optimal activity in the IFNy
ELISPOT (see Figure 4). | |

25 Deamidation of 065 by tTG generates the i_mmupodominant T cell epitope in A-

oliadin )
o HPLC analysis demonstrated that tTG treatment of A-gliadin 56-75 generated
a single product that ehuted marginally later than the parent peptide. Ammo acid
sequencing indicated that out of the six glutamine (Q) residues contained in A-
30° gliadin 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



.the sane core peptide sequence (QPQLP) was essential for autigenicgity in -
.all of the ~five Coeliac disease subjects assessed (see Fi gure1 @B”.'Z

I FNy responses to tTG treated peptides spanning thi's core sequence B _
beginning with the 7-mer PQPQLPY and increasing-is length, indicated that
the tTG t r ¥R 7- mer . QLQPFPQPQLPYPQPQS (A-gli adi n 57- 7HCTHoBWA328d . - |
optinmal activity in the I'lFNy -ELISPOT (see Figure 4). Deanidation of 065 b

t TG generates the i munodom nant T cel "3 tope in A gliadin HPLC anal ysi s
~denonstrated that tTG treatment of A-gliadin 5 6-75 generated a single

. product t hatseghence th whicgighgrmgte|(H) eplachd R66 hwapequavalens épthiegame peptdesaci d -

TnoA ol adi 0P8 e Eiinett ahEfigid sy HeBReaieb R (T SRR qure.
5). Bioacti &F%aeher%'ametmﬁssqwﬂreaﬂﬁlc@gnﬁgeﬁ-&fﬂ HtheXRasions hfgm the

~core A-glia 62-68 WO 01/25793 PCT/ GB00103760 -36- sequence i'n ,which

gl ut anat e (Ejodliepimesd sq5Scts smgiedsieiabentt)t Q57 had SElevgepivestgatedni t h. Q65

- after- tTGtreatnment (see Figure 4a). Replacement of b7 and Q72 by. E .

‘togethe? or %Fﬁﬁéﬁlwcéﬁﬁg‘ﬁsgd%%’e%@ﬁg@ riiﬁé‘h?‘?ﬂt‘tdﬁs%fﬁnf’he 17-mer in-

- the three ' '?Sﬁ@ ireeks 45t Ldj 26 i . @®7 and Q72

were invest ic&ég#‘lé%%j caUsg1 ‘Sﬁgm%ﬁgg#g& ué%&%ﬁFF%v%%r%mB?lol ine in o

" gliadin pept3yggsosaine Coeliac Diecase)d eftetkefbse, thEGmninodbminapi/ Tl cvhdpitoretwad ,
Proceedi ngs 8th international QE{POSi um Coel i ac Di sease). Therefore, the

- i mmunodonmarsiefimed ey QLQH’P&S&LM? &3 ned as QLQPFPQPE- LPYPQPQS. - o

- I'nmmunodomni nant T cell epitope response is bQ2-restricted. and CD4 dependent

In two .Coeliac disease subjects honpzygous for HLA-DQ al *0501, 131 *0201,

~ant i -'DQ mongedeiddoaiianb Udkl kbitsteadsionse EIVSPEsofiftbl atEEDaReferident ey

. tTGtreated A-gliadin 56-75, but anti-DP and -DR anti body. did not (see - )

"Figure.7). Anti-dpawarkiehip dis@pssiugmebomorieays thadilebh R cdTOPBMC: from two

el 55 s, SR RSB P B RO R LG58
_describe a rebhedusd AR S%L%,)bﬁﬁék}ti-@?rhnﬁhﬂﬂ-ﬁﬂ%d?‘ﬁiﬂﬂ)ﬁée@ﬂﬁ%ﬁd hi te

."bread-to elicit a transient population of CD4 T cells in peripheral blood o
of Coeliac disedet subingeCd8 megpoirshend depletion P BMiG et tvoflocdiar disede net

wth. 15 subjects indicated the IFNy response to tTG-treated A-gliadin 56-75 is CD4 T cell-

mediated. -

- A-Discu_'ssi.on _ o 7 _
 Inthis study we describe a rather simple dietary antigen challenge using

20 standard white bread to eliéit a transient ﬁopulation of CD4 T cells in peripheral

: blood of Coeliac disease subjects responsiizerto a tTG-treated A-gliédm 17-mer with -
the sequence:'QLQPFPQ'PELPYPQPQS (residues 57-73). Thé_immune response to
..A-gljadin 56-75 (Q—E_GS) 15 restrictéd to the Coeliac disease-agsociated HLA allele,r
DQ a1*0501, 1*0201. Tissue tfa.nsglutaminase action in vitro :selectively
25 dcéxmi.dates Q65’_;',Elicite'{_ilperiphéral blood IFNg responses to synth.etic A-gliadin
7 peptides lrwith the substitution Q—~E65 is eqxiiva.lent to tTG—tre;ited QSS A-gﬁadi.u
| peptidés;. Boih' stimulate {ip to 10-fold more T cells in the IFNg _ELISPOT than
unmodified Q65 A-gliad_in peptides. R . : _
 Wehave deﬁseré.tely defined this Coeliac dié ease—spl_e;ciﬁc T cell epitope
30 using in vivo antigen challenge apd short-term ex _vivo immupe assaysl to avoid the

possibility of methodological artifacts that may oceur with the use of T cell clones in



t he sequence. QLQPFPQPELPYPQPQS (residues 57-73). The i mune reésponse to
A-gliadin 56-75 (QE65) is restr icted to the Coeliac di sease -ARH#38094t ed
- BLA allele, DQa 1 * 0501; 13 1 *0201. Tissue transglutam nase action in
vitro sejg,e(lfﬂt i,xel.y - deam dates 065, Elicited peripheral boRsob /N '
response 8%2{/t heti ¢ A-gliadin peptides wth the substitution Q-B65 is
equi valent to tTGtreated Q5 A-gliadi4y_ peptides; both stinulate up to
10-fold more T cells in the IFNg ELIS than wunnodified Q5 A-gliadin
peptides. \\\& have del ] - VL, ! i 1 i z ific T cell
epi t ope usFAYPREERTS gﬁ{ri%%@nw%ﬁ%#%%g%{ géﬁ%hégﬁgkltoggﬁeg%gip%ﬁ?i mune -
assays to aykithd dFeyiutb® i rapidibuysott-livekhad ebod atlized foi dpiiops mahpihg may occur.
- with the usé€ of T cell clones in 1 April 2004 WD 01/.25793 PCT/ GBOO) 03760

37- epi t opén nimppintigen dakedgedws plge shaven tareds e HMPBEMFRENY O BRBYEE T cel |

t [ [ 0f gl.ut e . i 1 . b
PR s S L S e T e R e DT
there 4s a I;?%Q{n?dl\m}éﬁ@ﬁsefﬂﬁ/PBM@ BEUDR alsoltBE AAN HASg teopdusghd gebiear. pept i des;

A-gliadin iTied by tTG not only elicits the strongest |FNg- '
response i n PBMBdoaiseivte aye agssesed palyfieptdes|spappingAr@iindi, thsTaprhe . Because

“we' h d only pepti.des ' A-gl i adi ' e
pi L opes | Poe REHOT PaRERCE s sh AP geattt shirhpes PahE R et
pat hogenesis, of - 4{O8LT Bletd SEASG1idk BeiRetbe ot BR Joapif te cpiespecn @eglbddid he core

.of the epitope 1n A-gliadin that we have identified (PQPQLPY) is shared by
‘several ot host v hadiidntifEMRGPODPY) wrsbiarEd biskvend othes isbadint EpsrotP0 286 3,

pept Hbs e Tram BeevIoBIRmP oo B Ak e Bt e R 5o R 1Bl oy

chal'l enge apd -hh Mjsve b85S Hdve£AaPRI 8 BeptiddSihatifn® previdi@dP0en217) 1'
did not elic tﬁ?’l:lyl\%\%dé’ﬁ}gggas In 5&% foll ogmgpﬁlg 1 hraee ;;\;mbread chal | enge

“in Coeliac goseasgoselyeicivity insispsypdptiemgesnduy vive studissdivagrympleT cel |
~epitopes that arise with spr i.ng of  t j mrune res xamle 2 The -
effect on .3TF4&,e44I-55r=é€@J§%TEV§%d%‘Hn§hﬁ£‘ﬁ ?ifmnfeﬁﬁﬂgﬂf(gﬁ?}% #hﬁ%tent €ito -
e The-effect of spbstifiti 14Kd; & AthePOSdhiiOImBPbe HdechiBRP7- 73

. A-gliadin éﬁ’??r%&]e&wagéﬁ%ekbe@ﬁlh%gﬂ%a%ne scur'i ng plzérpitnpher.a bl ood responses
agai nsgty t het gHpikdget iR a widpgFeddingsf théNbmbhe SP@Rsassay using synthetic
peptides (at 50 }rglnl). The responses were neasured in 3 Coeliac disease
subj ects 6 days after comencing gluten challenge (4 slices bread daily.

~ for 3.days). Results are shown in

Example 2

- TheeffectonT cell.recoonition of substitutions in the immunodominant epitope

20 The effect of substituting the glutamate at positién 65. in the 57-73 A—gli_adin o -
epitope was determined by measuring peripheral blood responses against the
sub-stituted epitopes in an IFNY ELISPOT assay using synthetic peptides (at 50
ng/ml). The responses were rmeaspred in3 Coeliac disease subjects 6 days after
Qommenciug gluten challenge (4 slices bread daily for 3 days). Results are shown in
25 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
" magpitude was less than 10% of the magnitude of the response to the
immunodominant epitope. Thus mutation of A-gliadin at this positi_on could be used
to produce a mutant gliadin with reduce or absent 1mImunoreactivity.

30

Example 3



. manner and

table 3 ‘and Figure 8.- As ‘can ‘be seen substltutlon ‘of the glutaqgﬁﬁ
histidine, tyrosine, :tryptophan, | ysi ne, proline or ar gi ni ne sk QQQ@d a
_ response whose . magni tude was | ess than 10% of the magnitude of the- - .
- response to the -immunodom nant epitope. Thus nutation of A-gliadin at thlsi
}-p05|t|on coul d be used to produce a mutant gliadin with reduce or absent
-1 'mmunor eactY PP Exanpte 3 WO 01/25793 PCT/ GBOO/ 03760 - FETIERWHE0 e
“immunoreactivity of equivalent e tides fromother naturally occurring
nliadins The inlnmunoreactivity of. eqU|v§ﬁent pepti des form ot her naturally
occurring wheat gI adi ns mas asse sed usnng synt etlc peptldes o '
- correspondi ngst 2t Bt RS Moy b RgH
Swith transglg%am’ ase. These peptldes wer e- tested in anELISPCW inm the same .
. MCs fromthe same subjects as described in Exanple 2. At
“l'east five of theTpephiniesreattonty dfraqumreeepépuweuomwmrnabjram@:@hel '

A-gliadin 5773 E65 peptide (after_ transglutani nase treatnent) |nd|cat|ng
" that - ot her  ghibadi aémetveﬁﬁeseﬁwdmeetsmtbenepwdet Faeesspoading Holie aatupally

Coel di f d Fi hod
el ac sl SRS Gk el VAL PR GG IR Sk N R By pedfif 00
~United Ki ngd%e&eaMmmme sdheﬁﬁﬁﬁectne%mm&lfmethéeém&al smal |

~intestinal- histology, and riormalization.. of -synptaons and -smal! intestinal
~hi st ol ogy :wi tﬁbjgimaseitsclﬁbeden(’ﬁxemple i éel;esttfwqughe Peptidessshoppi ng was -

.perfornmed using DNA extracted A- | at e ri pheral bIoodf

HLA-DQA and 1 VBB Y FETRAE [)eetPftj %e%}l *‘fjcgé) Eg%’j té‘gch‘gﬁ[ce specific

primer mxesy !Lmﬁl@@ﬁ&'a‘ﬂnéﬁt)%éa% Xheﬁ‘%&thch% pY&Eifs dobaek gt DYy -

-indirect |nnun5fluorescence uSi ng pafi ent seruntdlluted 1:5 with nonkey-

- oesophagus,’ hkdivtt@meldcdoghlmﬁfﬂ}acdmeaMpecﬁﬁgommmmresphmee(ﬂ‘ablgm anddgfiegwas - -

- quantitated ior to EMA, none of the subjécts were.-1gA deficient. Antigen.
Chal | enge: Cg)el iac di sease subj ects foll ow ng a-gluten free di et,  consuned

4 slices of gI uten cont ai ni ng bread (SOg/sI ice, Sainsbury's "standar'd white
sandvm ch

Methods
Sub_]ects Patlents ased in the study attended a Coehac Clinic in Oxford United

15 Kingdom. Coeliac disease was diagnosed on- the basis of typ1ca1 small intestinal
histology, and normalization of symptoms and small intestinal histology with gluten

free diet..

T:ssue ty pmv T1ssue typmg was perfonned usmg DNA extracted from EDTA-
20 anticoaaulated penpheral blood. HLA-DQA and DQB genotypmClr was performed by

PCR using sequence—spemf iC prmer rmxes

Antn—endomysxal anhbody assay EMA Were detected by indirect
tmmunoﬂuorescence usmo patlent serum diluted 1:5 with monkey oesophafrus

25 followed by FITC oonjugated goat anti-human IgA. IgA was quantltated prior to
EMA, pone of the sub}ects were IgA deficnent

Antigen Challenae Coehac disease subjects fo]lowmg a crluten free dlet consumed
4 shces of 01uten—conta1mncr bread (Soclshce Sa.msbury’ s “standard white sandwich
30 bread”) daily for 3orl0 days. EMA was assessed the week before and up to two ‘

months after commencing the bread challenge. Healthy subjects who had followed a

et



" bread") daily for 3 or 10 days. EMA was assessed the week- before and up to
~two nonths after commencing the bread chall enge. Heal thy subj il gh84 had

- followed a 1 April 2004 WO 01125793 PCT/ GB00103760 -39 gluten free diet for ‘
four weeks  .consuned their usual diet including four sligesc®bomsmso

gl ut en-cont ai Al ng bread for three days, then returned to gluten free diet

for a further six days. |FNyand I'L-144. ELI SPOT: PBMC were prepared from

- 50-100 m of venous blood by Ficoll-Hypaque density centrifugation. After
‘three was hgﬁ,h ren IO WEILE fouk StP efskad el th£OfRbiIetie: iRAWking 98raliBdsnd 10% heat

i nactivate uman AB serum- ELI'SPOT assays for single cell secretion of -

| FNL and .| khi<h-y@iisininebiexiforthoes dags, thanmeermsdab ghitesir¢dbiot foch furSteockhol m
Sweden) with 96-wel | pl at es (MAP-S-45; M| lipore, Bedford, MA) according to .
t he manuf agtdegs.s i nstructions (as described elsewhere') with 2-5x105

(]FN’P) or 0.4-1x105 (1L-10) PBMC in each well. Peptides were assessed in
duplicate wells, and Mycobacteri um tubercul osis purified protein )
derivafive mﬁ?ﬂlm&b EISSPOT] PBMC wess prepppehrageso-1 @embhef kepog2ilody/ M ) was
included as a positive control in all assays. Pepti %Bi‘é Synt het i C. peptides
ver e pur chaydtcdl-Hipmus ssRehy C@éﬁ”@%‘gf’é@ﬂ( AOSE s ‘W@hﬁs

Ma t d_HP 0% t
oot Do ARt A e YO LSRR 08 ULl f?%??f?és. purity.
(Sigma; G 3EHL]I§?Q)T2aQQay§ fhAMiNIvBe] ferdion aﬁn:ra,taﬂdqmaﬁamq:eefbmm using O. 1 |v| -

NHAHCO3 with 2M urea"and was halted after 24 h heating to 98C for .

m nut es. Nohmerclehlntsl Mmqhoﬁwewlmo%ed@mwh Y!Sle afeﬁgl"fg“ﬁ?a%ﬁﬁ di gest
super nat ant rili e I was '
verifi®d b %?{C@r 0 té%ée%ﬁa |on%a1§£sdé%ggg£(agd%%gd

- Chynot rypsi égse%gf’es)t»%ﬁh alixagi OFREAE oM. gkmsmamb EBMCateach welli Befitidepept | des
(15-ners: j1g/m, other peptides: 0.1 mV)- were |nd|V|duaIIytreated
with tTG (Svg-ﬁmsseﬂ'ﬁeﬁfﬁﬂél)lpl(@ rpgjlsmx)d Mﬁcﬁac@num@h?rgu@mwm%% PIOHIGt - 37C.

Peptides and pe otted.into rll Iat es and
st or ed fro‘%eéwag &%égﬁgﬁ%&e ﬁ’sﬁﬁﬁg%?oaﬁ’#&gg% eé'ﬁc 3(28?‘ lB)tl des: o
Reverse pha]?1 4_ Mn&@l B Lyayk he peptide resul ti ng fromtTG
-‘treatnment- o AS 56 75. A singl e product was identified and subj. ect ed

to amlao aci d sequenm ng (automat ed sequencer Mdel 1 April 2004 .

. Peptides: Synthetic peptides were purchased from Resea.rch Genetics (Huntsvﬂ]e :
| Alabarma) Mass-spectroscopy and HPLC venfied peptides’ authentmlty and >70%
purity. Digestion of gliadin (Sigma; G-3375) (100 mD/ml) with a-chymotrypsin -
(Sigmaj; C3 142) 200:1 (w)w)was performed at room temperamfe‘iq 0.1M
"20°  NHHCO, with 2M urea and was halted after 24 h by heating to 98°C for 10 minutes.
‘ After centrifugation (13 000g, 10 minutes), the gliadin digest supernatant was filter-
sterilized (0.2 mum)}. Diges_tion. of gliadin was verified by SDS-PAGE and protein
conc;antration assessed. a—Chymot:ypsln—digestgd gliadin (640 pg/mi) a_nd synthetic
gliadin peptides (15-mers: 160 pg/ml, other beptidesf 0.1 mM) were individually -
25 treated with tTG (Sigma; T-5398) (50 ng/ml) m PBS + CaCl, 1 mM for2h at37°C.
Peptides and peptide pools were aliqﬁotted into sterile 96-well platgs and stored

frozen at -20°C until use.

Amino acid éequencing of peptides: Reverse phase HPL.C was used to purify the
30 peptide resulting from tTG treatment of A-~gliadin 56-75. A single product was

identified and subjected to amino acid sequencing (automated sequencer Model



PCT/ GBOO 03760 - 40" 494A, -'Appl i ed Bi 'osyst ens, Foster G tzy, Cal i  grni a)
" The. sequence of unnodi fied G56-75 was confirmed as: LQ_QDFqu(i ‘ﬂ’lz&a@SFP,_.
cand tTG treated G56-75 was identified as: LQLQPFPQPELPYPQPQSFP . '
-~Deami dation of glutanyl residues was defi ned as the anount (prml) of -
gl-utamat e d expressed as a .percent of the conbin T?(E%’dd
gl utam ne Vgﬁgmé%)?anate recovered in cycles 2, 4 8, 10, 1?& an %%@f the |
~am no acid. sequencing. Deam dation attr{lﬁut able to tTG was defined as (%-
deamdation. of glutamine in the tTG.tr ‘ed peptlde - % deani dation in the‘
_untreated pe 00 -.9% deam dati ntreat ed pepti

CD4/ CD8" and ﬁ#&%ﬁquﬁéWr o5 IWA%E‘II Sifperseet é‘BH’Pé{bfe erﬁiagnetl c

. beads (Dynal 65655y I}Qﬁﬂﬁﬂgdé&e \Qﬁq:}ﬁ% ]9%'{?13 cubat ed
~with PBMC.in conpl eatse RPM cont ai ni ng Q/ gc%&ﬁ%ﬁéﬁgﬁg ser um

7 (5x106 cel | syad Mehiified3B: WQBEBMQ}BQ&EB mmdmm@msmpgrealdﬁagnet §
~and cells renal n| ng counted.- L'n'vivo HLA-class n restriction of the imune
response to @ thepmauns (prely of 3151%3 EeSPYRIed Sserseras nperpenrtiohy PBMC

VaGistps =
(5x106 gells Q{n% % % 1.2 212;)
.nmonocl o%al {h? émgwéﬁsj 85{0 % E{Ah%o% ggoat%‘?delnfcg(:le%)g’e4 EOEP rior to.
~the_addi ti onamf17Peithe demoacmrwqee&bﬂéiqomdhﬁe@e&mmem Wik dfidgdi adiu
-—speC|f|c peri pheral bl.ood |ynphocytes | nteraction between endothelial and

. | ynphocyt e atfr d?ﬂﬁ@dﬂa@lq |&1‘§€1@§1€H§@m@"(3 ttated pepids p&e dedneidpijorpinabyt es-

~Many. adressins. a e J ter imer a4 ific for lam.na
‘propria g pt" %‘F?&{et &é{\ﬁuéitljasbal f'é%the 'e?itﬁ‘?f’e ‘specific and

infra-epithelial |ynphocytes in the gut and ski n. -Appr oxi mat el y 30% of .
perpheral bl.ood CD4 T cells express a4 37 and are presuned to be in tranS|t 3
to a niRosal CHHEDS anhil (LA Glass 1p Sestréctinin: bhmd:ﬂzl urednlnsCB&poasémlgBé’tm "

LTS SR AL LA S B 025 0o e?.e |

| n."conbi nat i-gfin PENIC B EoRRkteFERAY cor 3C Wg@&ﬂxﬁacﬁ@é@d HERLS WiKd r@ﬂnl ows

determination of gliadin-specific T ce ressrn expression that my
identify t he(§gl@‘e:lells/rrdbfohéﬁnmguﬂeoommmamai wate emoeed dsidips magB&iGdd WO :
01/ 25793 PCT/ GB0O/ Q3760 41 | pt er esti ngl y, | uten challenge in vivois:- -~
‘associ at ed viretls f"i’%ﬁPchlcﬁY“Ftﬁ E‘f)fléﬁF C“é‘FSIS resttiction of the immune response to -

15 tTG-treated A-ohadln 56-75 was established by incubating PBMC (5x106 cells/ml)
W1th antl—I—]LA-DR (L'?43), —DQ (LZ), and -DP (B7. 21) monoclonal antibodies (10

. pa/ml) at room temperature for one hour pnor to the addition of peptlde

| _Ex_p_l:c_'* , ' | |
20 -Mucosal integrin expression bv aliadin - emﬁc eripheral blood lvmphocytes - O

~ Interaction between endothehal and Iymphocyte adressms famhtates hommor
of orga.n-speclfic Iymphocytes Many adressins are- known The herteroduner on4[3-,. 18
. spec1ﬁc for laruma propna gut and other mueosal 1ymphocytes and ofB, is speclﬁc_
and mtra—eplthehal lymphocy‘tes n the gut and skin, Apprommately 30% of |
| 25 ;perphera.l blood CD4 T cells express 01451 and are presumed to be n transit to a o
| muoosal site, while 5% of perpheral blood T cells express aEB-, Immunomagnetlc
o _beads coated with antlbody specxfc for ofor B, deplete PBMC of cells expressing
__aEB-, or off, and B4, respectwely In .combination with ELISpot assay,

immunomagnetic bead deple’uon a]lows determmanon of ohadm-spemﬁc T cell

30 addressin expression that may :.dentlfy these cells as homing to a mucosal surface



to the small intestinal lamina propria (not intra-epithelial sites), where
over: 90% | ynphocytes express aaP,. |mmunomagnetic beads were bfRHZ0H and
*-used to deplete PBMC from coeliac subjects on day 6 or 7 after commencing
3 day glwbanrehal |l enge. FACS anal ysis denonstrated as beBdEGBoHIEeRd
~approxi mately 50% of positive CD4 T cells, while 0.1 beads depleted all 7
positive CD4 T cells, Depletion of PBMC-using CD4- or p7-beads, but not.
CD8- or o -beads, abolished responses in the interferon gamma- ELI Spot. tTG
gl i adi n andieRibnglesgioraahallence imbiob isssectihyd GRY raed irftuixed CIBUT cellnsi stent |y
af fected by integrin-specifjc bead depletiaon, Thus A-gliadin 57-73 -
QE65- specitpitie srnfg,bmteétmﬂd%@a pranriangf iptreapiEichRl Bishle WDAE BT P di sease
.express the iEte rin, a4g7' present on lamna propria CD4 T cells in the
smal | - i nt d¥PPRRCYIEEERIA Bd’q)ti mal T cell Epitope Length Previous data
testing peptideg ) I i } e core of

t he dom nant T%é%"ﬁ%%%%%%ﬁggeﬁ%ﬁgﬁd %’tﬁj |S§§tg%§bp'?ﬁg?ﬂt eﬁ%glmer;
A-gligdin cRhad sibidcitor dajUced afte icomimeneiaponiephiten thallengd #AE@E on gamma

“El'i spot using peripheral blood nononuclear cells (PBMC) fromcoeliac -

- vol unt eer salyd#ydemainsiaated obd heads deplgted agprdaimaltinSee efinabitiva §84 Peplls, des
representing .expansions formthe core sequence of the dominant T cell

“epi tope i nwhilgPi bridndorleted al Sepavtve GDE HecellonDgnlsten of FEHGusig Gh4-
peripheral bl ood nononucl ear gells (PBVMO) from coeliac \é&l unteers in 6

dayls ) 3fte¢f Bobrah OPhBOH- 18- (1 gL%ﬁsaé»rﬁbe ol dFpanyeR Iy ihe Ipgrierog gamma .
cays - a eor _ . arten _ " enti
57 530e Rk e B e PR Res bie e DR HaBR G b PRI LS

57- 7%@65@@;@@@@9@&@@3 by Rxegriti BiFdcHRIYeal Hypiefdance response in the

| FNgamma El i spot . Subs_eaipent' ‘Exanpl es characterise the agoni st and :

~antagoni st act i ThoyAdgliafing}7-ZHQESSApedficEssiysinepd pfispelutegheliengsin . 1
April 2004 -.WO Di 125793 --42- . .PCTéGBOO/ 03760 Exan;FI e &P%ggcgﬁrison. of
A-sliadi n Syelizg diseass GXPESSS BReRRIESTE Sub e BISS PR 0] ABHIAYYPT IS PH coeliac

di sease ‘ ' . I ' ' '

the small intestine.

15 Example 5 ‘ '
" Optimal T cell Epitope Length -

Previous data testing peptides from 7 to 17 aminoacids in length Sng the
. core of the dominant T cei_l epitope in A~gliadin indicated that the 17mer, A—gliétdin
| 57-73 QE65 induced maximal _:esponSes in the interferon gamuia Elispot using
20 peripheral blood mononuclear cells (PBMC) ﬁorﬁ coeliac volunteers 6 days after
commencing a 3-day glutén challenge- ) AR
Peptides representing expansions form the core sequence of the dominant T
cell gpitope 10 A-gliadin were assessed i_n'the IFN gamma ELISPOT using peripheral
blood mononuclear cells (PBMC) frc':m‘coeliac volunieem in 6 days after
25 commenciog a 3-day gluten 'challgnge (n=4). Peptide 13: A-gliadin 59-71_QE65 -
| (13mer), peptide 15: 58-72 QEG5 (15mer), ..., peptide 27 52-78 QE6S (27mer).
As shown in Figure 11 expansion of the A-gliadin 57-73 QEGS sequence does
© not substantially enhance response in the IFNgammé Elispot. Subsequent Exa.mples
characterise thé agonist and antagonist activity of A-gliadin 57-73 QE65 using 17mer

30 peptides.



" Dose, response studl es were perfor med - usi ng pept| des correspondl ngi
~unnodi fied and transgl utam nase-treated peptides correspondi ngT/P\ ‘?Oﬁél I
.epltopes of -gluten-specific T cell clones and lines fromintestinal-
" biopsies of coeliac subjects. Responses to peptides were expressed as = -
. ‘per cent ofWﬁas;fpm\se to A-gliadin 5.7-73 (QE65. Al subjectsCwaBsohizbe DQ2+
. (none. were DQS+). The studies indicate that A-gliadin 57-73 QE65 is the nost
potent gliadin peptide for induction of interferon gamma in the ELI Spet
‘assay using gegliiag PBMC after gluten challenge (see Figure 12a-h, and
~ Tables 5 and"b’)‘é‘Tﬁe second and t hi rd epl t opes are subopti mal frangents of
1 arger pept i Gesparsen ofiAgbiia 7578 -CPF36 SGkA : diebriDd
QE92. The epitgpe is only m)dest | y bioactive (apprOX| mately 1/201 as
active-as A- geblagidisease 73 OF65 after bliank is substracted). A-gliadin 57- 73

There areci6 bot BbiRRast Sk SR pekcRBLl R bERRRS A ERBLARE of 2000
- PQLPY) . 8nongsimsRfeeasedagkhadhhagenessd pepaiies ddinessdndig tp T sellags@passt next .

Exanpl e 7. Conparison of szliadin and_A-aliadin 57-73 QE65-speciific
..responses i nglptepisphefiall esligdencyiaad Hatsdfrany intessingt bippiieodl Wrliacmbipstsi nant

'fepltope A-gliadin o the total T.cell onse. t i adi a |n'
ol PBe" s et 3 pid ers e iy 00ty R YR 54

chynot rypsi nogisgealiigdibisaskirt NV HdeaRotd @eimgsd) | y ‘used as antigen for

.devel opnent- of T cell nes and clones in coeliadc disease..However, it is

"possi bl e that theSke ﬂudﬁea:sheatmﬂnyt Atghadie STHI30QERS cethe aiast plnpmglﬁadmpl topes..
‘I ndeed, - -chynotrypsi.n_di gestion of recomhi Iladln :
" pepti dé0 QL mtidp CPRItEP TR RO RS erop &ﬁ@&a.%ﬁlﬁﬁﬁegmﬂ Wéﬁl %ﬁi@équence

QLQPFPQPELPY, 8&1? | iy )
i ncreases thgﬂsggé\%y Qgitéén%fgfgé;ﬁ% |gestgg%?a}a|ag ?n |n po -er.at ?on :
-‘assays of 1 éfﬂtdpbs 2@ Qdb Mokl A2 w3 3ts oﬁ&;gd?(ﬁ'é{aﬁﬁmboamﬁdgi 5mas Q%paadﬂ cT
"cell closes and |ines. Hence, trans@gl ut am nase-treated

~chynot rypsi nG@Pg’eé’WéEAJ | POAY2A-8dr T8 Yadthe epape ﬁd%ﬂlb@oélgﬁqydﬁ%ﬁmé{ﬁt i 'gen,
but. responsefﬂ nga‘ N9k tﬂ"@*@ﬁ‘c‘t&é%% B'%O‘}(é é%%gé%tgteblaﬁlgfs%hb resgr of

- peri pheral hocyte speci arison o onses
agal nstsA-gli adi ”A-Ohadm 57-73 QE65 is more potent than other known T cell epltopes m

“coeliac dlsease There are 16 polymorphxsms of A-gliadin 57- 73 (mcludmg the
sequence PQLPY) amongst sequenced gliadin genes their bloactlwty is assessed

" next.

. 20 ‘;Examglle 7 | ) _
. Comparison of gliadin- and A-eliadin 57-73 QESS-sﬁcciﬁc resbonseS'iI_l peripheral : J

blood

. The relative conﬁibutioﬁ of the ddmjnant epitope;jA-glié.din 57-73 QE65, to
. thetotal T cell response to _glié.diu in coeliac disease is a Ci'iticgl issue. Pepsin-trypsin
2 5"‘- -' and chjmbtr?psin—diées‘ted gliadin h.av_e been traditidnally used as aﬁtigen for’
| deveiopfnent of T cell lines and cloges in co‘elidc disease.- Howevef it is po:o.sihle '
: that these proteases may cleave th:oucrh certain peptxde ep1t0pes lndeed
chymotrypsm dxgesnon of recombinant 9-gliadin g generates the pepude
. | QLQPFPQPELPY that is a truncation of the optlmal epitope sequence _
30 QLQPFPQPELPYPQPQS (see bove). ‘Transglutaminase-treatment substautlally

moreases the potency of chymotx}rpsm digested gliadin m pohferatzon assays of



’-57 73 QE65 and tTG gliadin in the ELISpot assay gives an indica élon of the
contribution of this donminant epitope to-the overall inmune r e5PeHL00¢ o
gliadin in coeliac disease, and al so be a neasure of -epitope spreading.

PBMC col\k,g%mgwpn day 6 or 7 after commencing gluten chatdeepe/ismed
- coeliac subjects were assessed in dosgiresponse studies using :
chynotrypsi n-digested gliadin +1- tTG treatnent and conpared with ELI Spot '

‘responses Jfgq4an, Qaﬁb Q‘Bclenfcﬂﬂﬁsaad BhdsOMee, Arafdgh@tthnthabe trédedECS (25nmrg/ ).
- TTG treat ment oip ITadin enhanced PBMC responses in the ELI Spot

appr oxi rratc;hymof@psimﬁcgeémd' Glindis (dhpleadat) syt wt be a:m!@ﬁakmaa&sbss sed al one)

(see Figure 13a-c):.. In the four coeliac bj,ect s Q@gl iadin 57-73
-~ QE65 (25 rfesprRes %@P&%%ﬁ%éﬁp@éﬁ%ﬁl na‘“ﬁ%f}% PEORRTR ¢t TG

gliadin (500 ng e o Brindlal 57-73 QE65
- the greate % @rﬂh ongﬁglé1 repr fslgt%%"egm!np& OE%I?T ‘g‘ﬁeg Tn res r?sq,hé '
Rel at gvel ysig Sad@t’mgﬂ@ngﬁ&i tHeBIIS fot@hdagdives 2 ikBealiBa Bf tesponses ar e

conparable to gliadin in sonme subjects. Epitope spreadi ng. associ ated
with nore commj:mm@doéﬂm d@nmasﬁ ?PIWP%@l epé@ﬂb%@&ﬂf‘rﬁp%@e&&lﬂ& i t he

smal.l er con | b tion of | ad| n ‘total " gliadin responses-
in per| phe %"’5 |a'nﬁsaj§s RO%E%% taglf)lé' spr eadi ng may be -

mai ntained in 'PﬂMG EBlFé'cﬁed\Mntd%yBQﬁrS’ aﬁefbdiﬁﬂn!incl.@ guen chakenodiets. . Exanpl e
8.Definition of gliadin peptidées bioactiv.e in coeliac disease:

pal ynor phi Maomwscmﬂ@dﬁwswmﬁomsﬁcamﬁ%eﬂw C'—'B’éfmtf}'@é@'@wmdl ng the
| et d d dentify th o
_f%%psc%dﬁmsgﬂﬁﬁ %Zaﬁéﬁsﬁw%sh@ﬁ?fﬁﬁgfgﬁ‘ SRR ST IS FroBhttF o MR 1Y st i1y
“sequenced @%,1 %'ﬁ§ﬁﬁﬁgﬁﬂ3@%9@5ﬁcg{?&5tT’ﬁG%@u&fmt@ﬂgﬁa‘a&i mat el y 30-50 -
S e N

rel ated al ot el ns in-wheat five distinct alpha
gliadin geaﬂ&nhm/BBhﬁbmspmm inftheBLISpos approtimatelpt Gfdil ftldawas bases, Swiss

Prot 1 April 2004 V\DO 25793 PCT/ 0 -44 and. TRE crlblnga _
further 8 &ppherabieitabl Wie@:@?ﬂesaﬁeﬂé?i’“ﬁfg ﬁ‘gf‘ﬁeéé""SSIngFgBﬁcﬁf’ ¥dins, there
-are 16 dIStInCt - I|ad|n
| E7573 (see B B A o e e P RARRE ke 2L

pol ynig phi $H8.115% thdke oamghﬁmqsommyna} tad therppatersin resparise tr Ans

gI Ut- am ‘nras e,,hlangSI’]E’B QESSS th\geérelzatgspr(\;\ggrgon it represented of the tTG gliadin response
| Relatively h.mlted data suggest that A—Dhadm 57-73 QE65 responses are
compa:able to {TG gliadin in some subj ects. Epitope spreadmg associated w1th more
- evolved anti-gliadin T cell responses may account for the smaller contnbutlon of A-
| 20 gliadin 57-73 QE65 to "total” gliadin responses m penphera.l blood in ‘some
| individuals. Epitope spreading may be mamtam_sd in individuals with fess strictly

gluten free diets.

Example 8 - _ _
25 rDefmition of gliadin peptides bicactive in coeliac disease: polymorphisms of A~
| gliadin 57-73
Overlapping 15mer peptides spaﬁnihg the complete sequence of A~gliadi.n.
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
30 approximafely 30-50 related slpha gliadin proteins in wheat. Twenty five distinct

alpha-gliadin genes have been identified by searchﬁng protein data bases, Swiss-Prot



-‘gI utamate substltuted “at p05|t|on 10 (eqw val ent to QE65 I n e
A-gliadi n-57-73) were assessed using PBMC from coeliac subj ec‘tépr"r?@pf’ral ly -
following a gluten free diet, day 6 or 7 after gluten challenge in *
i'nterferon ganma ELI Spot assays GI utamate substituted peptides were ’

~.conpared g}, concentrations (2.5, 25 and 250 ncg/m), 'E%
peptide and Eo?aﬁ'ggl ut am nase-treated pegltldes wer e assessegeg Eﬁogﬁgg/m

-only. Bioactivi ty vvas expressed as % of response associ ated with A-gliadin

,' B|SZ)a(7:§ i S.E ? ; 2 n‘}‘iﬁﬁ‘gb‘hggg&@gg %ﬁ?béé@g%a% %%F‘reﬁ("fsﬁ’c%%%éé( >5-‘]1:0I d) .
Wid-type E’éﬁa— Yldhos, EREocd (SRR FmorhARSEM AR DARE cLIERDIRAL 0]

‘pepti des su}qsélllaamtﬂdTM(sethbluﬂarrat e at pOSI ti-on .10. Bioactivities of five

gl ut amat e- substi t ut ed pept.ides (B M ; were >70%:t hat of A-gliadin .
57-73 QE65 (A), Suntheiimeeptides @H@ﬁﬂmﬂ@aﬁ?ngﬁSﬁéé@oiquﬁwfea%Méﬂthan A-gliadin

oD e SRR R A AL S SRS e G DB S |
mcg/ni .. Si X%lg{akﬁamﬂﬁim| bﬂil@lﬂl@]té%ﬁ‘a[bnp@%EQSE Abgliallin 57- 7Y wéte P) were

~-<1.5%:as: oactive as A-gliadin 57 QE6S her peptides were
i nt er medi atassessed)unagPBM(E ﬁ:omemoelxaasxbje;imxngmdm ﬁqﬂ@i‘ékﬂlg\ﬂaiu’fﬁé@ﬁﬁm are

|-ent t to A- adi 57-73 df by -
BebiA o anﬁ!lqrf]{ & T et aiten cBaleBe B mBiEfent Bson FoRe C‘?‘k{*ﬁ%ﬁ?ﬂﬁ%d. 0 57-73
~also-exist. d&?e??demexg%ﬁp%ﬁrat traneakihaRbAAGS, Pdhd Dsaki f

. pepti des froze sev gliradins of Tricetum aestivum T. uartu and

spel tagnay Wenedifiad beptife a@dmmneglmmmmenemﬂpepim mretasséﬁseﬂedtIZSepl tope in .-
- coeliac disease. CGenetic -nodification of eat to gener )

non- coel i acmesklonkhcBIOAFRVIEY Was §XPFesshd 3520 PEFSpAISe SO%m%fW'é% ~ipdip

~multiple gl ‘ﬁgﬁ@ gliadins or ot her
pr ot ei ns orgﬁggﬁ%’iﬁnc%ora |‘ﬁguagg%] enc E 3 | nllﬂ%E@I tered peptide
1igand antagoni shgosetividy gf 1vaill- pE'Vper&deswa@swstaenﬂat inveasidr(ab€g) be . 1 Apri |

2004 WO 01/ 25793 - PCT/ GB00103760. - 45 generate genetically nodified wheat
“that is thetesmgdf with rhsgiutamingse. nbrosgipeningsp treggient efcvidd-bps PEPLigssanpl e 9

e i) SIS L L SRS
“that the 00£tepo§&%elrmcqalgaa¥vhee33fe% lgh@Rh4:@RBbdtRuted peptides (B, C, K, L, M),
' " were >7 0% rhat of A—ghadm 57-73 QEGS (A) but none was significantly more -
bloactlve than A-ohadm 57-73 QE65 PBMC responses to glutamate-subsntuted
. pepndes at concentranons of 2.5 and 250 mcg/ml were comparable to those at 25 -
' 20 'mcg/ml S1x glutamate subsututed gliadin peptldes (H 7, N 0, P) were <15% as
| bloactwe as A.-Ghadm 5773 QE65 Other peptides were intermediate mbloactwlty
At least SIX crhadm-denved peptides are equwalent in potency to A-gliadin .
- 57- 73 QEGS after modfication by transglutammase Relatively non-bxoactlve '
polymorpblsms of A-gliadin 57—73 also exist. These data mdicate that
_. 25 tra.nsglutammase modification of pepudes from several ghadms of Tricetum
o | aestwum T uartu and T. spelta may be capable of generatmg the. unmunodommant
_ T ceu ep1tope n coehac disease. - | ‘
Genetlc modification of wheat to generate non-coehac~tomc wheat is hkely
require removal or modification of multlple ghadm geneS- Generanon of wheat
30 contammg gliadins or other protems or pept;des mcorporatmg sequences defining

altered peptide ligand antagomsts of A-chadm 57-73 15 an altema'uve strateoy to



“PELPY (A-gliadin 64--68). Attenpts to define non-agonists and antaggnists
-will" focus on variants of A-gliadin that are substituted at ?%B’i"gg% t hat

. substantially contribute.to its bioactivity. . Peptides corresponding to
A-gli adi -39z QE6S with alanine (Figure 15). or [lysi i 16) .
~substii tu&é‘gzy%?%r esidues 57 to 73 were conpared in the I%%Té(gﬁn(ﬁﬁgﬁ&u SPOT.
usng peripheral bl ood nononucl ear cel1%(PBMC) from coeliac volunteers 6.
days after commencing a 3-day gluten challenge (n=8). {BL is blank, Eis A
gliadi n' 57g#gragEgeeticrbPrPOOEd PHPURS 13 therppsudonrigr thaa { nonetoixiflids o
correspondi ng. tao. A-gl-iadin 60-70 QE65 * ( PFPQPELPYPQ) contri bute

‘subst ant | aFP§}iac &t ?'F’g bi oactivity in.A-gliadin 57-73 QE65. Variants of

- A-gliadin. 57-73.QE65 substituted at positions 60-70 are assessed ina .
2-step procedure. Initially, A-gliadin 57-73 QE65 substituted at positions |
6070 usi ngExkehplée B erent ami noacids with contrasting properties are '
assessed. A second _group.of - A-gliadin 57-73 QE65 variants (substituted

) Gen

with at | othe 2 Sl
that prove are -i Andi.fi QR : JoRY S round.
Beampl e 10 - Agoniaroad ot tpiB o RbiRk BEe AR Ie0R iR AR 7 73
‘QE65  A-gl i adiN 260 CZRrabindRatet ¢hat Becosestgaane ofthetheelbpiopaist T cel |
epitope in_A-gliadin. Antagonist and non-agonist peptide variants of this
‘epi tope ar @ (A-Igilkﬁpﬁdrgs@geﬁﬁﬁ@ﬁtsﬁ? def Honcaaonisk a8f apeengpmall sequence.
Initially, A-gliadin 5773 5 I d; at Lty = using 10
different ;f?‘i‘f'%c?élc‘faﬁ'g‘q 'OE f#’%@é&r%@%%%}wﬁﬁ%&% ir%sg&\%k Haf’g%sggté%@s ed in the

| FNgaygra Eld, SREhtdisiiR®iddarf.r om-coel i ac WO 01/ 25793 PCTI GB00/ 03760 -46-

- subjects 6 days after starting 3 day gluten challenge. A second group of

A-gliadin 57- 7P«QHES comespontng(ie dogiadinb Bd3 WEGS vatl alenineFigee 465t y

’ [ 1, id t tei. it 6170 I
ascessed SRS Groad b OpRbIRIRL RS i B PR Y BB vere
assessed Usiy@pBAMsnG oAb WhdRGh SucRRle SUERS (EBIMCY flofiLedNBD R Aeds Pept i de

(20 replicatés per aSsay). Previous studies indi cate that the optimal -~
concent r at i ®daykafiereqghmentiing £7-d4 glpkaSchalertdei (=8)s 4B i§ blablgtAweelr 10 and 100

~ncg/ mL. Results are, expre r se in spot formng cells (95% o
-confi #ence gidy ¥av3 QE%Q @&ggsé?ggﬁwzloﬂan response in each individual .
Cont a4 1t oo alirblndifartEithet Cof OFBRYRE B AR/ RIRAQEES O o 11 ed
~ (PFPQPELPYPQ) contribute substantially to the bioactivity in A-gliadin 57-73 |

O

QE6S. Variants of A-gliadin 57-73 QE65 substituted at positions 60-70 are assessed -
in a 2-step proceduré. Initially, A-ghiadin \57—73. QE65 substituted at positions 60-70 -
20 using 10 different aminoacids with contrasting properties are assessed. A second | ‘
group of A-gliadin 57-73 QE6S variants (substituted with all other naturally
‘occurrning aminoacids except cj(steine at positions that prove are sensitive to

modification) are assessed in a second round. -

25  Examplel0 .
| Agonist activity of substituted variants of A-gliadin 57-73 QE65 -

A-gliadin 60-70 QEGES is the core sequence of the dominant T cell epitope in
A-gliadin. Antagoniét and non-agonist peptide variants of this epitope are most
likély generated by modiﬂcatibn of this core éeque;nce_ Initially, A-gliadin 57-73
30 QEG65 substituted at positions 60-70 using 10 different aminoacids with contrasting

properties will be assessed in the IFNgamma ELISPOT using PBMC from coeliac

¢f-ami noaci ds except cysteine at positions.



~with-A-G 57-73 QE65. Super-agonists were- defined as having a glr eater e
response than A-.G 57-73 ,QE65 at"a |level of significance of M"@QM _

_ partial agonists as having .a response |ess than A-G 57-73 QE65 at a |evel- .
of significance of p<0.01,. and non- .agoni sts ‘as bei'ng not S|gn|f|cantly

di fferent WVO20%F from bl ank .(buffer wi thout peptide). PepCrdeRnomsico -

. agonl st act|V|ty 30% or | ess that of A—ghsadl n 57-73 QE65 * were consi dered
"suitable" partial or- non-agonists to assess for antagonistic activity. (see_

“Table 8 and Emtgemeédais-zﬁ’ﬁe)'stail’thfg3 Edyogiomen cEAIISBOT ArRERANEBuP Bfﬁﬁ%ﬁdlhp .
roll ne a

'A—glladl n 57-73 65 S ghly specific at a nol ecul ar | evel

. position 64 é@t‘?ﬁ) Eén Y&f’é‘ﬁﬁt(éu@ﬁ“ﬁ@ WEB3Y offied nhwradiyrescaring esiitdaonis66 (L66)

and to a | esser. 67, and, P69 are, i cul arl sen5|t|ve to
nodi ficati on% g GD%E%)%%?%I%P%% @6 A Wfﬁf’?‘fl F%@&&F%’tpéogﬁ hi'sts
wi th 30% gr eat &1 mbi Cinl dtipliYatk WeBretaBRsRaNR MM HIARE by enhanci ng .
bi.ndi ng to BLA- DQZg/glﬂnce !tphe rrjt;?lf fo;S t hi stgHLA Eoflﬁg%gl%ﬁ? etgéxgat es a B
preferefdce f oempu‘ﬁdkyo m@mﬁdlﬁd@epeée @@se;aﬁcapaesalet asomg. PraviobsStudibght een
nan- agoni st t|d re.identified. R(ﬁgﬁ/lvtles of -the variants (50

T

meg/ ) P65 § Opfig2 CE‘H{%’Q& lagingvjy 73, FES dbthpasadll 8 to bl.ank

(799 . In totggmeggwgm@@@g, %gml ants of A-gliadin 57-73 QE65 were 30% or
“l'ess bioactive than A-gliadi i 57-73 QE65. The nol ecul ar specificity of the

peripheral bl ood Rgsisacytxpré¢dRel js Memetekpdes pogipefdmitdelggodonant epi tope,
‘A-gliadin 57-73  QE65, is consistentl g @orodum bl e. anmpngst HLA- DQ2+
. coeliac subj é%ﬁfgieﬂ%ﬁf&tqr‘éal}]img%l@@ &7 {QROSBean responp iteagh mdavidvalof 1 Apri |

- 2004 001/ 2 n thecorge.7, am: oaC| ds.
Oertay\? Si ng?]egéfé;ﬁ%%%ﬁggr@% g%]ﬂ?qgggc}ﬁres@?“fff(&%@fhﬁq Bept‘

‘consi st ent |y witnA-@OSM7S QEGSN mbbr_ sla,(ggrquﬁhé@g IeYRigersreate ﬁéﬁ%’ﬂﬂs@ 11
Ant agoni-st activity of substituted. variants The -honbgéeneity of -‘the PBL T

cel | responsthapd-if Y- 7%&5@53'?3?@@@@%&3@&&@@@1 Jqoetidl agonlsts embaving
~suggests. that altered Ie of ant agom smin PBMC - .
" ex vivo may &x7EpPIEe eﬁéﬁh%{g %ﬁsﬂh c?é%fatf Pf?l HP0G Ladnary pe o
pol y- or ol i gedona 3t ?‘iﬁﬁ% Rl % 9 u@giw

Fifty-seven single argurllggigms -substlsrt uteergﬂtv r?gqf?&éf}méﬁﬁy I a |nﬂ§-‘{}ﬁ73 QEGS

- wi th' 1l&goni ptptale}. |Rﬁp¢1§ie$®%@gomsjs’suhmyéo%emmess dentf Aldthdans-as QEx3i t abl e

. candi dat es as APL gon fﬁg In addi ti an, certai n_weakly bioactive
nat ur al | y chm:erqo Brg yﬂ.mag Pagtial or nou-agomsrs to assess for antagonnstlc act1v1ty

(see Table 8 and F1gures 17-27). .
The IFNgamma ELISPOT response of PBMC to A-g .,hadm 57- 7.1 QE65 is
. mghly 3pec1ﬁc at a molecular level Prohne at position 64 (964) glutamate at 65
20 (B6S)and leucine at position 66 (L66), and to a lesser extent Q63, P67, Y68 and P69
e particularly sensitive to mod;ﬁcatmn The substitutions Y61 and Y70 both = - ) '
generate super-abomsts with 30% greater b10act1v1ty than the parent pepude '
probably by enhancing bmdmg to HLA DQ2 since the monf for this HLA molecuie
7 ' .-mchcates a preference for bulky hydrophobxc resides at posmons 1 and 9 E1ghteen
25 non—aoomst peptides were identified. Bioactivities of the variants (50 mcg/ml): P65,
K64 L65 and Y65 (bioactivity 7- 8%) were comparable to bla.nk (7%). Intotal, 57
_mutated variaats of A—ghadm 57-’73 QE65 were 30% or less bmactlve than A-gliadin -
57-73 QE6S. . : _
| The molecular speclﬁmty of the perzpheral blood lymphocyte (PBL) T cell
30 . responseto the dominant epitope, A-gliadin 57-73 QESS5, is consistently reproduc1b1e

amongst HLA-DQ2+ coeliac subjects; and is highly specific to a restricted number of



of A-gliadin 57-73 QE65 have al so been identified (see bel ow) gd. g&@q be
-"naturally "occurring" APL antagonists. It has al so been suggé‘ REth 2P
- conpetition for.binding MHC nmay al so antagoni se antigen-specific T cell
i mune. g}g}ncgﬁ?@gon-gliadi n peptides that do not induce pENGRITBEESPONSES
in coeli B after gluten chall enge but are known to bind to HLA-DQ@ may
be capabl e of reducing T cell respon'sae-"s‘. elicited by A-gliadin 57-73 QE65.

‘Two peptides that bind avidly to HA DX are F.LA class 1:-a,46:60 (ELA la
( PRAPW EQEamimpapida HHbe Kved) %Pyna@?%sﬁ- %%’m{ §ipSieBmanass WWBWE&QL%QEN(FLPY) S :

Si nul t aneo Lid O : ' jadin 57-73
QE65 (.109/ #ﬁ)ﬂ%géééﬁﬁgﬁgmﬁﬁ%ﬁfé%&%gg%ghé‘é%&rbgﬁﬁicge{??ca%bﬁgfsunt eers 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 %o
response wiEinomiéfer plus A-G 57-73 -QE65 (nean of 20 replicates). (See .
Table 9). Four si.ngle .am o%cld Substituted variants of A-gliadin 57-73 .

- QE65 reduceArRgen LAY Ol DB LR~ BB ELI SPOT response to A-gliadin 57-73 -
- QE65 (p<0.01) By HRHBEREiRS 2&%&%&(@&4&6 ppg}@ztdhdsmarqmstja reduce the
ELI SPOT response by bétweén 18% and 24% (p< ~0.06). The. HLA- bi nder,
t hyroi d per BRiAZBER+(copliacBBs st yestethatatsrapiptidnigant et Ahl epbsponses

- to A-gliadin 57-73 QEG y- 31% (p<Q.0001), bu he_pther, HLA- bi nder,
HLA cl ass. |anipgqsispon PRuE rivors FYPS %ﬁgf@th‘?}&%th ?%%_@“%?Q%ﬁ% 03760 -48
Calter espoﬂ?e’ggggi(@%gg%?'oﬁﬁgkionlhemeﬁﬁgﬁjﬁ%re%%ﬂ& Weak fpodisty. aNs

gl ut am nase- pol ymor phi sm of A-glaidin 57-73, Swi ssProt accession

no.: PR4725r87-8%n EHO afh RORCRFRRPEIRPQRGEYs ofothgbiedn 58sidREeswIth’ A-gl i adi n
57-73 QE65 by 19% (p<0.009) (see Table 11). Interferaqn respanses of -
PBMC to A- ghdoast ﬁgtafﬁ?ﬁf(fésssi WVEEFWL&?&Q%Q?%P@%&%?F m . -

a
L

Variants, AT dR B R B b o e et e
105 DG St it g ety
S'ui :': ?\O/Ie Rﬁﬁi@fw égﬁ?g a@a&m@s%w & Ba%@ﬁq%&éﬁgsb%sﬁﬁeg daat mg%}qﬁlcforrfgigdfngl oy
P Lot B e bl S0y SRREPISA ol BB STpTRgEDS  These.
domi nant  A- gLiadi haeR) hoNRdld IBNALRRR Tespafids A€ coHia@RBMC after gluten o
-— o challenge bﬁt are k.-nownrto bind to HLA-DQ2 niay }ﬁe capable of ‘reduciﬁg T cell
: responses_elicited'by A-gliadin 57.73 QESS. Two pept'idcs' that bmd avidly to HLA- v |
DQ2 are HLA class 1 o 46-60 (HLA 12) (PRA.PWIEQEGPEYW) and thyroid
20 peroxidase (tp)632-645Y (IDVWLGGLLAENFLPY). B
- Simultaneous addition of peptide (S0pg/ml) or buffer and A-gliadin 57-73
QESS5 (10pg/mb) in IFNgamma ELISPOT using PBMC from coeliac volunteers 6
days after comniencing 3 day gluten challenge (n=5). Results were ex;ﬁressed as
response with pefatide plﬁs A-G 57-73 QE65 (mean of duplicates) as % response with "
25 buffer plﬁs A-G 57-73 QE65 (mea.u'of 20 replicates). (See Table 9).
o ' Four single aminoacid-substituted variants of A-gliadin 57-73 QESS5 reduce
the interferon gmﬁa PBMC ELISPOT response to A-gliadin 57-73 QE6S5 (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)
30 632-645Y 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



1. Optimisation of APL.antagonists by substituting ami-noacids aé rBrQ t han
~one position (64-67) .for use as "traditional" peptide pharma i8¢ s or -
~for specific genetic nodification of gliadin genes. in wheat. 2. Use of high -
‘affinity HLA-DQR binding peptides to conpetitively inhibit presentation of
- A-gliadin 57-73.LF65 in associati-on with HLA-DQ@. These twq . approaches: " -

. maybe nut Augz Oéaaﬁpati bl'e. Super-agoni sts were’ ge'nerat‘edw%ﬁ(g%{g@g?ﬂﬁg F61
-and-Q70 with tyrosine residues. It js li4ely these. super-agonists " - :
resulted frominproved binding to HLA-DQ rather’-than enhanced contact
With the T catle réspo@it Gee TBYleGYNThobBgdehOR@spHRdinkite atiiagsuinidbset her
. substitutions that generate nodest|ly effective APL antagoni.sts = m ght .
-Subst ant i aI-IMOéiﬁttdrwcb(mCHEhlﬁmmflé‘kgbﬂi;ﬂéffﬂécSW@BPmb@M&immi P45 a8nH857- 73

QE65 vari ant 1, Apcil. 25793 PCT/ GBOOY,03760 - le 1
Bevel oprent - 0500 ; e QEFEE PR8N S emigs - aiand (1T Sy B7- 73
- OE65 and POfpZ4. 8% SRR apa di agnostic for.coeliac disease: o
- Definition oﬁ%gﬂuhe@gsésponsi vgness in newly diagnosed coeliac disease.
inductign of resphnaferemgasmaoesphesed ofi PBMEC tPAg¢liadih 57-T3 Q6L i BLISH@TI n
. PBMC neasured in the jint e-rfergc? gamma EL| Spot fol |l ows gl uten challenge in
al'most al | . DEpays@sergtneediberimainssiiahanrherrin HAgeta@Hpyasts Augliadio A%A f r ee

diet (GFD) | .0 heal Py DR+ sybj ects? owing a
Striot eb, e ERh YR SRR ORRS AP E o
-‘coel i ac subj ggdven Rafind BLG-DOindhalfoRngeeand teid Didifpfrgbavetaltgedst ed _

t hese responses coul d not- be- nmeasured in PBMC of untreated coeliacs. These
data suggest peptide ligend gurgonsteishdiadin S QELS spish Natembs ButativerABLi adi n

57-73 (F65 is restored fol l.ow ng antigen. exclusi-an LGED). 1f a di no-stic__'.l-~;_..l
Peat 1 o bRt R A Dyt ihin SR ALY ey recpefRBL S P onb e )
to define th@elpgég[ﬁ;nis&rbq{; (hddh seoi egs bef ore gl-.uten- chal l enge i s capabl e -
.of inducing responses to: E—'gl iadin 57-73 QE65 and.other - .i munoreactive

" ‘gliadin peptides Thesolfmdthgs Sepgioyt thoaggrtpis tDQBerapebd Beelbtdspaseso ere . =

recruited fromthe st r oent er ol ‘patient,.service. PBMC were prepared
and tested i %o ] tr@rgg?xaam epitope mﬁng-lg(‘jg.E coel?ac disgase. _ p p- €
B ' 1. Optimisation of APL antagonists by substituting aminoacids at more than one.’

15 : position (64-67) foruseas ."h'aditional"'_peptide pharmaéeuticals or for
specific genetic modification of gliadin genes inrx'&he'at. '_ B |

Use of high affinity HLA-DQ2 binding peptides to compeitively inhibit
p_reéeﬁtﬁﬁo:i of A-gliadin 57_-73 'QECSS in association ﬁthHLA—-DQZ.

a3

20 These two apprbaches may be muﬁmlly 60mpaﬁble. ..Supef;ﬁgonists were
_generateld by _réplﬁci_ng Fé6l and Q70 with tyfosine residues. Itis likely thes§ .
suPe'r-é.gbnists-resulied from iniprove& b'uiéling t.o‘ }EA—DQZ rather than
enhanced"_c.;ontact with the T cell receptor. i%y combining these modifications
witﬁ other Sﬁbé'titutions that generate modeéﬂjr effective APL antagonists |

25 might substantia.liy enhancé the inhibitb':y effect _of substituted A-gliadin 57-
73 QE65 variants. R |

30



-garrma ELI Spot assays bef ore subjects commenced GFD, and at one or two weeks
cafter commencing GFD. I n addition, gluten challenge (3 days c onARTHi2 R84 4 ’
. slices ‘standard white bread, 200g/ day) was performed at one or two weeks
~after starting G-D. PBMC were prepared and assayed on dﬁ%%%ﬂ&gﬁ) after

comenci W§ Gi251%8n chal l enge. ,A-gliadin 57-73 QE65 (A) Y535 100- QE92
(B) (al one and conbi ned) and A—gl | adi%7-73 QP65 (P65) (non-bioactive

variant, see above) (all 25.ncg/m) were assessed. Al but one newy
di agnosed qg@h{ﬁ@atient was D@+ (one was D@B+) (n--1 1). PBMC from .
new y di agnose coel [ acs t hat were unt r eat, ed : ” 2 _weeks.
fol | owi ng (B&vett f witerfprongaspma ELI3pot P8 9ES1724

84-100 QE92 (an jided), £hat vere o _ ent from |
bl ank or Ak P65 S & aren chal.renge in
coel i.acs whg gzve}(n&ls 1@\&@&11 nBQéddaeﬂlae@eeseNeek “di d not substantially |
enhance res 5793 PCT/ GBOQ 03760 -50- gliadin
" 57-73 §E65 or Pomm@ﬂeﬂ:e@oqﬁsenesamhedmm@owb@hedynTm!nkepgtpme!n chal | enge

2 weeks after commencing GFD . di.d i nduce di n. 57-73" QE65
‘and P04724 EE%@%?A]E“&PB%CWO%Wﬁgggfﬁz‘gfmsrgu@Pgﬂﬁal%fl%aﬁ% |y .greéater -
than the noglﬁ% gg ag?}dez\é-eco\éﬁﬁé AffechraNd Rk R 18ds 168m Stfe gRibda thleatide. (GRDHhough

these resp l'uten chal [ enge”at 2" weeks were substantial they
appear 't o bgyf @ssn héddag D(UZJsmtbnmtaftepQ weokt foslonfinga sto PR c AngliadiD,

Responses to A-gliadin 57-73 QE65 al o | ent ater t han
resBonses t §7HGAEE BAPNGES TEG BEFHE Fed%ﬁéﬁ%ﬁ%@&%ﬁﬁ t%‘gﬁ PXdi n. 57- 73
(E65. _None gl uten
Crati ahon® PhbhGRURkERSRBRE hARSRILIO b Ry oM B0 0

chal | enge) tg?eaéurﬁh li@P'BMCI,‘ &f mﬂfetatealcbehamsfbesedaa supedssthafinepelpomissass ng GFD, -

i'mpl yi ng that "i nmune ‘unr esponsi veness" to th t .T cell epitope
. prevails in inminegsineasizensss woh-gipdia 24 e/ 34RO 5rfesé?repg‘ggotw%%“t§ﬁ§8k after-
starting GFD. The terf I|

di sease usi r?&CIQ‘F‘BPgﬁtFPﬁa#f eclrllla u%gtrlléd)&?r@%sou?ég@%t @?h %g%rgs%gﬁc%tgdg%- ga??adl ns
7-73 QE65 i npiie. ilid SRPlealils S¥efin ted dulretis of GFP ebquimd before glowmenci ng a GFD.
~Interferon ganma-secreting T cells specific to A-gliadin 57-73 QE65 cannot - -
be meassired dhallédye 1pezpapleeqfamd119w@(m3ppnsqam l‘\e%h"é‘epg $p§é§ aﬂ‘éﬁ@eﬁan onl y be

i nduced - _

mmunoreacnve glhiadin pepudes in blood. o
Newly diagnosed DQ2+ coehac subjects were recm1ted from the L :
_ cra.stroenterolo gy outpatient servme PBMC were prepared and tested in mterferon '
- aamma ELISpot assays before subjects commenced GFD, and at one or two weeks '
20 after commencmg GFD. In addition, aluten challenge (3 days consummg 4 slices
| B standard white bread, 200g/day) was performed at one or two weeks after starting
GFD. PBMC were prepa.red and assayed on day six are a.fter commencmg gluten
; challence A—ghadm 57-13 QE65 (A), P04724 84-100 QEQ’? (B) (alone and
combined) and A-gliadin 57—73 QP65 (P65) (non-bioactive variant, see above) (all
_7 25 25 mcglml) were assessed. ' ' ' |
All but one newly diagnosed coeliac paﬁent was DQ2+ (one was DQ8+)
(n=11). PBMC from newly diagnosed coeliacs that were untreated, or after 1 or 2
weeks following GFD did not show responses 10 A-gliadin 57-73 QE&5 -an.d P04724
84-100 QE92 (alone or combined) that were not significantly different from blank or
| 3-0 A-gliadin 57-73 QP65 (0=9) (see Figure _‘23)_ Gluten cheﬂenge in coeliacs who had-
followed GFD for only one week did not substantially enhance respoﬁse_s'"to A-




,'-by gl uten chal I enge after at | east 2 weeks GFD- (anti gen excl usj
Therefore, timng of a di agnost ic test using this nethodol ogy. ]
and further studies are -needed for ‘its optim zation. These finding are-

. consistent with functional anergy of T cells specific for the dom nant

éprﬁ@gem B

“epitope, A-gLiadin 57-73 QEG5;- reversed by antigen exclusion (G-D). This -
' phenorrenon\h'lﬁ)eﬂsllmw been previously denonstrated in a hunarPGﬁiGEmmqo and

- supports the possibility that T cell ane gy may be-inducible with peptide.
therapy in coeli ac di sease. 1 April - 2003”°W. 01/ 2-5793 PCTI GB0Ol 03760- - 51. -

By 75 B or Sh B folion Gandy o céllnrejﬂigﬁltgétee%i[i?”
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211 221 231, 241 251 261 Table 2. Coeli ac di sease subj-ects st udi -edAge .
.duten HLA DQ@Bread Synptonms Sexfree dietchal |l engewith bread fle¥Pr 2404
- yrHonmozygot e3 daysAbdom nal pain,. lethargy, 27 .rnyreterozygoteO. .daysnouth

ul cers, diarrhoea Lethargy 335 f7 yrHeterozygote3 daysn Ng%s, a 436 nb
 wkHonozyYot®8358dysAbdoni nal pai n, rmut_EaSG nz9 yreter ozygogﬁg;gaysu cers,

di arrhoea None 658MB5 yr Het erozygot e' 3°days, None 755 nil yr Het er ozygot e3

daysDi arrhoea 848 115 yrHonobzygot e3 ggésAbdom' nal pain, diarrhoea 1 April
2004 WD 01/ 25793 -53 PCT/ GE00/ 03760 ¥4t cid at position 65RangeMean.
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“vali ne(24 79) 56% Thr eoni ne(46 66) 55% d yC| | ae(3447) 40% Leuci. ne( 46 33%
- G utarni'ne(16-21)19% i sol euci ne(3- 25) 14% Met hi oni ne(3- 32) 14% pril
"Phenyl al ani ne(0-33)12% Hi sti di ne(0- 13) 8% Tyr osi ne- (0. 17).8%
. Trypt ophan(0-17)8% Lysi ne(0-11). -4% Prol i ne(0-4)2% Arginine(0-2)1 % El i sopt
responsePepti d quence. No. TG TGQLQPFPQPQLPYPQPQS 8 (1-1
(104) QLQP éﬂéﬁ@ QPQS 5( 1- 7). 53( 44- 67) QLQPFFQPQLPYSQPQP 12’)‘3663% 03760
(61-113) Q_QDFPQDQ_PYPQDQD 19 (0-33)83(7459%) Q_QDFPQDQ PYQPQ_ 3 (0-7)109 -
- (41- 152) PQLPYPQPQLPYPQPQP NDP. QLPYPQPQLPYPQPQL .
(O-1)3(0-7) mh@@wﬁewwﬁﬁﬂ&{ﬁa&@mﬁm%mg)
- NDPQPQPFPPQLPYPQTQP- 17 (0-40) 24 (11-43)PQPQPFPPQLPYPQPQS 10 (O- 30) 19
(11-33) PQPRARRPGLIP RIS (VP iiioat r6ddodB RRERELIPELARCBIS, rbo §, |
Correspondi ng residues is gkladin protein seel uenFm GAcce si gln no 7- 73 '
-a- G i adi n XEFPrQQEY PQEQPQ)’SMCB’IBQQ%Q R8QQRQENT ANIREIR Q@mmmq@m
17- 93 c 4- Gll adi n’ Precursor (Tri cM/\Un acstlvurr) P02863 -

.SQVLQQSTYQ LLQELCCQHL WQIPEQSQCQ AH—BQ'VVH.A]I LHQQQKQQQQ PSSQVSFQQP LQQYP

LGQGS

141 151 161 171 18} 191 : 201
FRPSQONPQA QGSVQPQQLP QFEEIRNLAL GTLPAMCNVY IAPYCTIAPF GIFGTN

211 221 31 241 251 261

Table 2, Coeliac disease subjects studied

Age Gluten - -DQ2 . Bread Symptoms
Sex [freediet - chalienge with bread

1 64 f 4y - Homozygote 3 days . Abdominal

pain, lethargy,
mouth ulcers
diarrhoea

2 57m. 1y Heterozygote 10 days Lethazgy,
nausea
3 35f Tyr . Heterozygote 3 days - Nansea
3IEm 6wk ‘Homozygote 3 days . Abdominal
pain, mowth
ulcers
diahoea
26m  19yr Heterozygot= 3 days None
58m 35yr Heterozygote 3 days Nene
55m. 1y Helerozygote 3 days Diarrhoea
43 f 5 yr Homozygote 3 days Abdominal
pain,
diarrhoea

0 =~ D

N



- 76-92 a- Qladln (T. acsuwsm - Q41528 77 93 a-Giadin storage proteln é
aestivurn) Q41531 57-73 CL-GQ i adi n- mawm peptide (T. aestiwrn)] @!’1 4
77-93 a-Giadin precursor (T. spelta) QQZP09 77-93 cr/ -Gliad'in" A—11

precursor (T. acstivum P0472 77-93 m.P-diadin A1V pr '
aestivuryOmP®AyRP3 77-93 alli- ili adin M precursor (i. ﬁglg{;?%’ 60P18573

84-100 ctJ -diadin A-IV precursor (d%3-aestivum P04724 84-100 alr3-diadin -
MML precursor (T. aestivum) PI8573 77-93 cd -diadin Al precursor (T.
aestivum PO4721 77593, 4:43chaghR 66T aeqdye Un) Q41RQ9 77-93 a-Giadirr :
storage protein (T. @@@&ktyunjp 41530 77 15@6) allP-A@din A 111 precursor (T:
aesuwm) P04723 ° 82- 98ahdned i adi n A-V premwasor (T.7@estivum P04725 82-98 -

/I P-diaein clone PWAspdbeprecursor (T. aemtddyunm) PO&E26 82-98 alJ,-diadin .
(:T. urartu) 41632 7&a8% a/ p-diadin cl o768 W142 gasecursor (T. aes‘dvurr) .
-P04726 79-95 a-G i aysniné T. aestinrm Q41828)79-95 &% liadin precursor Cr. -
ae:stLvunm) 41546 TaPddes 4 1 April 2004 -5445-TSWO 01/ 26293 Table 5. T cell

epi t opes descri bed iMalimeel i ac di sease - PGRFEB00103760>

Sour ceRestri cti onFr efuemiyy Sequence* - Gamée:
(i TCC) QQLPQPEQPQS FPEEFRPF Al pha- glladlﬁ
Al pha-gli adi nDQR11/ 17X ‘TCL) PQPELPY. PQDE

i adi ang;é/ NS
12/ 17 (36L) QLQPFPQPELPY |
)ﬁl pha- g ﬁdl nDQ1/ 23

(bTCC} LGQ;X’PFPPQX’PYP ""_ pha-gliadin . S (i T YPSGEGSFQPSQENPQ
A uteni nDQBI 11 (i TCCJ PTSPQREXQ Al phiagl i adin 1/12 in , .
Vi on_QDFPQDELPYPQD ach%e stated in Orthgs gyal publlb%au on, i TCC
intestinal T cell cl m dind TCL i ntesti naI @asycl onal gecell I i ne, bTCC
peri pheral bl ood T ¢@blinec! one , ©17). 8% .
Tryptophan - 017y . B%
Lysine o . {0-11) T 4%
. Proline o {0-4) - 2%
Arginine - . (0-2) 1%
Table 3
Elisopt response o Peptide sequence C ‘ Correspond.mv residues jn gliadin prarau: sequcncs (A.cczssmn no.)
' ??ITS) T OLQPFPQPQLPYPQPQS 5773 «-Gliadin (T. aestiver) Q41545
' 100 (100) QLQPFPQPEIPYPQPQS - 57-73  «-Glindin(T. acsbvumg[ 041545 )P02863
s ' PEPQPQLPYSQPQP 77-93 a/p-Gliadin precursor (Tricetum. acstivam
501 :53 (467 . - R . @ o ;6-92 " a-Gliadin (T. aestvum) Q41523
' ‘ 7793 "a-Gliadin storage protein (T. aestivum) Q41531
57-73 a~Clizdin-mature peptide (T, aestivam) Q41533
s . 7793 o-Gliadin presursor (T, spei) Q9ZPO9 .
' " 77- liadin' A-H precurscr {T. acstivum) P0472
12 (0-20) 83 {61-113) QLQPFPQPQLPYPQPQP 7793 a/p-Gliadi v
Z PQPQLEYPQPQL 7793 a/p-Gliadin A-IV precursor (T. acstivum) P04724
19 (033) 2045 QUOPFRQEQLIEQQ 7793 o/B-Gliadin MM] precurser (T. acstivum) PLST3
: 19 (41-152 PQLPYPOPQLPYPQPQP 84100  o/B-Gliadin A-JV procursor (T. nestivum} P04724
'i}g”) 109 (41152 POLPYPQPQLPYPQPQL 34-100 o/B-Gliadia MMI1 pmatrso(rTCI. aesuw.;ui): 52731‘5173 _
PFLOPQLPYSQPQP 77-93 o/B-Gliadin A-I precursoer (T. sestivur
oen 3 AR 47-93  q-Gliadin (T. acstivum) Q41509 | etsan
PFSQPQLPYSQPQP - 77-93 a-Gliadin storage protein (T. asstivam 1
fqg-o) 2@D }?QLSQPFPPQLPYPQTQP 7793 o/p-Giadin A-HE procursor (T. acstivum) P04723
17 {0-40) 24 (1143) PQPQPFPRQLPYPQPQS £2-98 ‘e/f-Gliadin A-V precursor (T. aesnvum)-m:T".S .
10 (0-30) 19 {(11-33) PQPQPFPPQLPYPQPPP 82-93 c/pGliadin clone PW1215 precursor (T. aestiviem) P04726
s ' 8288 o/B-Gliadin (T. vrartu) Q41632
10 (0-30) 21(11-33) PQPQPFLPQLEYPQPQS ) 79-85 o/f-Gliadin clone PWE142 precursor (T. sestivom) PO4726

79-95 a-Gliadin (T. a:snvum) Q41529
7995  o/B-Gliadin precursor (T. asstivam) Q41546

Table 4




CEALL pept| des are the products of transgl ut ami nase modi fyi ng wild t '
~gluten: peptldes except the fourth and’sixth peptides Table-6. P@P'H%B‘é
~bioactivity of gliadin T cell -epitopes in coeliac PBMC after gluten
chal I.enge Sequence* ELI Spot responsggas % A-gliadin 57-73 QE65 (all :
25nmcg/ M) Wld type WIdtype+t TG E-substitut ed QQLPQPEQPQQSFPEQERPFI .. (3)
~ .18 (7)10( WP (QREPBPQPELPY6. (2) 19 (1)8 (3). PQPELPYPQPELPY13 P(CG‘)GE@(OSJMS(%
. -QQYPSGEGSFQDSQENPQlo (3)9(.3)14.(8) " Q_QDFPQDELPYPQDQSB (7)87 (7) 100 :
PQLPYPQPELPYPQPQP14 (4)80 (17)69 (20) sequence refers that of

tra %mtsam ifo I@hemehuﬁqoaﬁwatmgs@nd the T cell epitope. Wld type

I's t Srdnmodi g“__ gda |ﬁ,e pti-de. Data.frog.d.3ubjects. Blank was 5 (1)

% Hv}ladlﬁ TCC)55-f TabeLﬁQPEé@TQMWEQERﬁF‘TB of A-giiadin

- 57- 7,31 - liBB] uem@ps derlvg;d] dren) Nor di ¢ gubpsropteat strain Moelner '

_ PCTI@QC@J;Q&-%QD@ pha- gli adimingLpt ei n, (BOrRYPEPQRELPEr code refers to Fi g 14
_pepthha@xRtﬁ yneddhi sm UAYBAGTEE)! | adi n LEQOQPRPRQQRYRSPAPPr ot €i n) 57-7. 3"

(A QUoRFERGRQ. IYPEPQS G i ¥NPHACD), 6: ( EVBLQYPSGESSBQBSQENRY133602 58- 74)

-, (J)@TNDPPQ_QWQP OR HeC)3, 4, 5 ( ERRRSYXDEPRRSEQ AJ133607, AJ133608
57- 7Aiphag lyd“q@@bqpqpvpéjb%ﬂ‘wq al pha QLQYREQRELPYRRIY8 604 '57- 73)

TRE b Bk i
BB PR A DI ERNE LB Bt AP SR RES g it peigs
nunber Pol ynor phi sm @1545 A-gliadtn (from sequenced prot ei n) 57 73

( A) QLQPFPQPQLPYPQPQS SW SSPROT GDAO WHEAT P02863 77-93

(F) QD%PYS%D 21, 77- 93 )
(0) PW‘@WPPQ.PYPQT%‘I 04‘“}’ s S‘:'og - am (%E(SS (},ﬁzﬁ% t%‘g; Qg%aygn ¢

- Wild type Wlldtype+tTG E-substituted
QQLPQPEQPQQSFPEQERFF = 9(3). 18(7) : 10(5)
QLQPFPQPELPY _ 6(2) 190 - 8(3)
PQPELPYPQPELPY 13 (6) 53(8) S 48 (9)
QQYPSGEGSFQPSQENPQ 1043y 9(3) 14 (8)
QLQPFPQPELPYPQPQS 18(7) . 87 (D) ' 100
PQLPY'PQPELPYPQPQP 14 (4) ' 8o (17) 69 (20)

* sequence refers that of transglutaminase (tTG) modlﬁed pepnde and r.he T cell ep1tope Wild type is the unmodlﬁed ghadm
peptide. Data from 4 sub_]ects Bla.ulc was 5 (1) %

PR A b ok A B

i

e



' GDA4 W | EATP04724 7793 (C) Q_QPFPQPQLPYPQPQ_ GDA4_WHEAT P04724
. (K) EOLPYPQPQLPYP. QPQP GDAS WHEAT P04725 82-99 (N) P~LPQPFPPQLP

. GDA6_\HEAT P04726 82-98 (P)

.PPQPQPFE,E%Q;( PPQS GDA9 WHEAT P18573 77-93 ( C) QLQPFPQPQERY A
WHEATP18 4-100 (L) PQLPYPQPQ_PYPQP Y GDAY WHEAT P18573 91-107 (K) PQLP
 YPQPQLPYPQPQP TREMBL @1509 "ALPHA- GCFRDI N 77- 93 ( G) QLQPFPQPQLPYPQPQP-

(Q‘Rf/)lgéiiqél_fﬁ%% @i‘i &i%%% {‘)3‘ PYSQPQP Q41529 ALPHA-GLI ADI N 79- 95 '

N 77-93 (H) QLQPFPQPQLPYPOPQP Q41531"

e éggm-

- POPQPFPPQLPYPQPPP GDA7_- WHEAT P04727 79-95 (M

Y761290. 0B0EBBEREROBINEBEMBL ger (184209 forgiindins wﬂtammg the
_ Agoni st sHe&yuded. WWWZB <0.000 :

ALPHA-GLLi DIN 77-93 (F) QDFP _PYSQPQP Q41533. ALPHA- GLI ADI N 57-.73

(F) QLQPFPAPSemyeseprdsriGliBen awmEp wheanEiydjognen) POPQPPQLPYPQPQS

41632 Al PHgt= R pior@E siakle ]&Bﬁlﬂ?defﬁmmﬁzmm&ﬁﬂw 82- 9&0@2ﬂma%gP@PP -

QYZP09 Al REWASASA-BREN(Eos stqueasd Bhita) 57773 89 ( F) (L CPFPLRQOPYSURDFRPGP@PTli | 2004

WO 01/ 25793 2ifh6 1,6 FEVBL.GBOBE0BE 6013¥63|58-78.(%) Bi oact i v| tQPQEFPRPOBBYPQTARd L
~vari ant s {oft #pha g1 A(BMBLEITBOQREE 303U 13p08GrpaRed | tB-QPAPRRALISYEAP@P g i adin
- 57- 73 QH6EBH (B T((FWER AT I5H & 97-104). and bl aﬂQL@?BP PYEQPQDI ) (nean

7.1% 95% @halghat, Bl 3$F)P vs GSitbst 9% vs GSu SUBSEOP Vs GP
~vs bl Suig@liﬁ@ﬁﬂtﬁ Ipc#éb%ﬁﬁlorﬁm?&mhkn 0001NGRG24 MFFPQPQLPYLQPQS

Y61129<0. 00V6370<0. 0001 ' (6947- <0.0001R6424<0. 0001 :01

Wr01190. d Polymorphism
1(571180. AT 91T PFOQIQITFQPQS

<0. 0001ve9smscspmn11 6422<0. 0001 - ' ‘
. GDAO_WHEAT P02863 77-93 (F) ‘ QLQPFPQPQLPY§QPQ§
GDA1_WHEAT P04721 77-93 (G) QLQPFLQPQLPYSQPQP
GDA2_WHEAT P04722 77-93 (B) . QLQPFPQPQLPYPQPQP

GDA4_WHEAT P04724 77-93 (C) QLQPFPQPQLPYPQPQL |-
GDA4 WHEAT P04724 84-100 (K) POLPYPQPQLPYPQPQP
GDA3_WHEAT P04725 82-98 (N) PQPQPFPPQLPYPQPQS |
GDA6_WHEAT P04726 82-98 (P) PQPOPFPPQLPYPQPPP -
‘GDA7_WHEAT P04727 79-95 (M) POPQPFLPQLPYPQPQS
. .GDA9_WHEAT P18573 77-93 (C) . QLQPFPQPQLPYPQPQL
. | GDAS WHEAT P18573 84-100 (L) POLPYPQPQLPYPQPQL
| GDAS WHEAT P18575 91- 107 (K) POLPYPQPQLPYPQPQP
Q41509 ALPHA-GLIADIN 7793 @) - QLQPFLQPQLPYSQPQP
1 Q41528 ALPHA-GLIADIN 76-92 (F) ° QLQPFPQPQLPYSQPQP

GDA3_WHEAT P04723 77-93 (O)

Q41529 ALPHA-GLIADIN 79-95 (M)

Q41530 ALPHA-GLIADIN 77-93 (H) - QLQPFSQPQLPYSQPQP
Q41531 ALPHA-GLIADIN 77-93 (F) - " QLQPFPQPQLRYSQPQP
Q41533 ALPHA-GLIADIN 57-T3 (F) ' ‘QLQPFPQPQLPYSQPQP

Q41546 ALPHA/BETA-GLIADIN 79-95 (M)
Q41632 ALPRA/BETA-TYPE GLIADIN. Trificum urartu 82-98 (P)

| ©97zP09 ALPHA-GLIADIN Triicum spelia 77-93 (F)

| PQPOPFPPQLPYPQTQP

POPOPELPQLPYPQPQS

POPQPFLPQLPYPQPQS -
| POPOPFPPQLPYPQPPP |

QLQPFPQPQLPYSQPQP
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- E70930. 27B6657<015008p&6 737 <0.H00ki6a1668. 009] O<didn16892. 0:119A8%00,

- 57<0. 000! L&G 3750. 00Q&Qb67 15H. OQQ&Q 09&2 56092008 3Q4256<0,,000 00, -
S6436. <0. 0021 M65L4<0, Q004D. 015 P 8F6§ . n <asoor

. 36<0. 0001G5236<. 008%1) 14<8 18 o 870- %%NGE o

. . .56<0. 0001B89360..0 144 <0.0001 21 <0.0001

© 1('71850. 0474625620, 0BY1E24E36<D. odb%ﬂbnkﬁgo‘%asfgwm Ges 2l <ama

'V62840. 04A8853<°2000436 788 <0.6D00 FEPPE3EB<0. Q00 KOOI 2D64. 21 <0.6001

©170840. 04P6B83<®:000%P6 288 <0 6000 K484 1864<0.4000 kQw®53t65 21, <gooor -
-161830. 01Rﬁ$83<®mOOO¢EB8$ﬁ<O6@00&0%M%5&¢0 0001Qu.dddt Mes~ 20 <0gom . <coo0l . . -

V68820. 00- 0] 634&0 GW%@H@1<GI 00?%;?:15‘227 ' ',‘3' '<g-gggl" <0.0001
‘ | <0,0001 . 0003 -
E59810.01Y 000 <0. bOO 11%@ 0, 41 <0000} A6 19 <0000y <ooo0l . .
: _ sss ms 075 Q6t 64 <00000 Nes 40 <0.0001  I64 19 <0.0001 00003 .
e 102 - CGEL &4 <0000 V66 40 <0.0001  R&3 .19 <0000t <goom
;Mu 10z 031 A63 64 <00001 HEY 40  <0.0001 W67 13 <0.0001  <0.000F
Y60 101 - 096 - L62 60 .<0.0001 M69 40 <0000 K68 18 <0.0001 . <0.g00L.
AT7Z 100 . 094 168 60  <0.0001 R6Y 40 <0001 HEs 128 <00001  <0.000]
$63 98 067 S67 59 <0.0001 WS a0 <0001 W64 - 13 <0000t 0.0001 -
Kse 96 046 N6L - 59 ' <0.0001 Q69 3% - "<0.0001 Q65 18 <0.0001 0.0002
- 160 96 0.5 169 39 <6000l L6738  <0.0001 F64 . 16 - <00001  0.0008
G70. 95, 04l V61 - 5B <0.0001 K69 38 <0.0001  L65 16 - <0.0001 0.0022
- Dés 95 044 - D61 52 <0000 K62 . 38 <0.0001 © N64 16  <0.0000  <0.0001
-ET0 93  -027 E&0 57  <0.0001 E7 37  <0.0001 F&5 .. 16 - <0.0001 . G.12
163 92 . 019 A6l . 57  <00001 L6 37  <0.0001 Q67 15 <0000 00012
560 92 623 Q62 - 36  <0.0001 ' §64 36 <0.0001. MS&S 14 <00000 0015
BSS 38 005 F68 | 356 <0006 G& . 36  <0.0001 D66 14 <0.0001 0.013
. M63 87 . 003 "N6S .. 36  <0.0001  E69 36  <0.0001 . R€7T 14  <00001  0.002
CKme 85 0047 - A62 56 <0.0001  E68 © .36 . <0.0001 Non-agonists .’ '
‘vez 84 0.04 468 53 <0.0001 V6T . 35 . <0.0001 - P& 13 <0000  0.012
170 84 004 P66 53 <0000t D62 35  <0.0001 E6d 12 - <0001  0.053°
¥1- 8 0.01 R61 53 <0.0000 R68 34 <0001 - Wé5 11 <0000t 024 -
V68, 82 0OMdS  S68 53 . <0.0001 Q66 - 34 <0000l Q64 1 <0.0001 015 . .
© ES9 8 001 Y63 52 <D0001° A67 33  <0.0000 G&6 13 <0.000) 0.67
Partilagonists - N69 - 51 <0.0001 N6z 32  <0000f Res 11 - <0.4001 0.26
W6l 79 - 0002 BE3 51 <0001 F66. . 31 <0.0001 Y67 10 <0.0001 013
. A€0 T8 0002 T64 51  <G.000I E62 31 <0008 EGE 10 <0.0001 017
©Yez 78 0.006 T67 51 <0.0001 Dss 31 <0.0001  Kes - 10 <0.0001 2.21
GSG 77T 0003 Y€ 50  <0.0001 D67 30 <0000 RGS - D <0.0001 023
ATL 77 0003 D63 50 <0.0001  M67 .29 - <0.0001 K67 10 <0.0001 0.1
W62 76 00009 A65 49 <0000 Y66 28 <0.0001 P65 8 - <00001 Q.57

Q6b 76 0.00F K61 49 <0.0001 187 28 <0.000! © K64 8 <0.000] 0.82
L63 74 0.0002 166 49 <(.000I |, H6S . 26 <0.0001 Kss 8 <0.0001 " 0.63
162 rZ] 0.0045  TeB 43 <0.0001 P68 26 <0.0001 Yss 7 <0.0001 9
K70 74 0.001 865 48 <0.0001 Yéd 25 <0.0001

H61 72 <0.000f- 1468 - 48 <0.0001 EKé 25 <0.0001
5
wes T <0.0001 Q68 43 <0.0001 Té6 25 <0.0001



1000107 Part lal ugoat st sSN6951<0. 0001N62-32<0. 000 I RGSI 1.
. W61790.0026351<0: 0001P6631<0. 0001Y6710<0. 0001. 0. 13

<0. 0001Q. 2
0 1 0. 90849 780
~ A60780. 002T6451<0. 0001E6231<0. 0001116610<0. 0001. 0. 17 ‘
Y62789. 006T6751<0. 0001D6931<0. 0001-- 1(6610<0. 00010. 21

G650770. 00@Y&S50530. 0001 D6730<0. 0001 . R6610<0, 00010.23  PCT/GB00/03760
A71770. 003D6350<0. 0001N6729<0. 00011¢67%0<0. 00010. 11
- W52760. 0009A6549<0. 0001Y66. 28<0. 0003P658<0. 00010. 57

@0760 gl Qﬁl@éﬂcﬁ' TR 8KAI0 807 XS g tkakdD, fithma ELISPOT response by
. &gg;jg oﬁ%%%%@% mg_g ?ﬁ%ﬁf@f @%%K§Mt V@D lsigidfibahce level munpzured

. < ) :

K70740. 0DEES5AEHS R 2B R pepas S B R liadin STT3 QBGS is

0001L6 48<0 0001E1(625<0.0001 5 -
W5872<0. 8603Fe48<0. 0001T6625<0. 0001 | April-2004 WO 01/ 25793 -57--.

PCT/ GB00/ 03760 Table 9. Ant agonl sm of A-gl i adi_n 57 73 9565 i.nterferon ganma ~
ELI SPOT s@spongenbiic. s@bst i t e iYar iS&‘?ffs B friay QE65 (Subst)
(Pis signifi cance@@ﬂ@l’“ﬁ n unpai red test) 1 goral §t actl yity (% agoni st)
of pepti d&¥ conpar etf t -gI iadin % QEGS i S5 algse shownyg Subst %

i nhibit. M4 agoni st’ SU%QQS% | nhi b Y% agoni st Ant agoni st s65R130. 18 11
65728 0.004 1965ML30, 16

| 4 67MR7 2068P13 16,26 2 64Vig6 0.007 1863RI13
©.0.1919 ' YW 25. @5 oo%g’gxg 66G. . %oqéé 01316, 2
T oaw T

127 019 11
Poténtiaiantagomsts - 65Q R 0.2 : 18 ‘

671 . 24 0013 10 65Y 12 022 7
67Y : 24 0.013 21 668 12 022 22
64G 3 0.03 21 67F 11 025 21
64D 21 0029 16 66R 10 629 10
65L 20 0046 26 67K 10 - 0.29 10
66N 20 0037 24 G4F 10 029 16
63H _ 20 0038 16 65F . : g - 041 ‘16
64N C 19 0.05 16 63P 8. 042 13
64Y - 19 0.06 - 25 © 65EK 3 039 25
66Y 19 0.048. 28 64Q 7 049 . 11
64E 19 0049 12 64l 5 0.6 21
67A 18 0058 30 68K . 5 056 19
678 18 0052 . - 22 67Q o5 oet 18

- Non-antagonists : - 635G 5 062 15
65V , 17 0.07 23 64M 4 07 29_
651 17 0086 21 60H 4 066 “ 23
66T . 17 0.069 - 25 .66 E 3 076 10
6sw - . - 15 01 11 66D 1 - 09 14
6TR 15 0.13 ' 14 63K 1 088 23
65P .13 013 - .8 64H 1- 093 18
65K 15 0.11 8 66K 0 098 10
T GEW ©15 0.12 21 64K 2 088 . 8
67G 14 0.14 19 64L -11 026 22
66A 14 0.14 19

Table 10. Inhibition of A-gliadin 57-73 QE6S5 intetferon gamma ELISPOT response by
| pepttdes Lnown to bind HLA-DQ2 (P is significance level in unpaired t-test).

Peptide % Inhibit. P
TP 31 <{.0001

HLAla o 095



- S'Potential - antagonlst565cn20 218 67124 0 013 1065Y120 227 67‘%A@8f§$%
.1 2166S12. 0. 2222 64G21 0.03 2167F110. 2521 .64D21 0.024 . 1666R 10 5120
0. 046 26.67K. 100.2910 66N20 0. 037 2464F100.29 16 - '65H20 0. 038. 1665F
. 90.4116 64N19 0.05 1663P8.0.42.13 64Y19 0.06 25= 65EK80. 3925 66Y19. 0. 048.
-2864Cﬁ0 4911 64E19 0.049 1264150. 621 67A18 0.058. 3063K. .50.5619 671118
0. 052 2267W030/28738 Non- ant agoni st s65G50. 6215 65V170. 072364NMN@BWmbm
- 651170. 0862166140. 6623 66T..170. 06925665E30. 7610 65W150. 111166D10. 914.
67R150.-131463K. '10. 8823 65P150, 13. S64H1. 0.9318 65K150.11866K00. 9810
66WL50. 12 Teblerk 12\ rempnspoptid-alipdgeai-71 QRS @edemn ettt EDISablespde by
_.I'nhi bi ti omamtally-cgrimisepolzadPhREGBf iAsgkidie § D3 GRIR6f(PEL biSRBRaneserdss by
_peptldes &ﬁgﬂﬂﬁ&&ah)nd HLA-DQ2 (P is S|gn|f|cance | evel .i'n unpaired ‘
_t-test). Peptide %Inhibit. P TP 31 <0.0001 'HLA 1 a 0-0-95 1 April 2004

Vo 01/ 25793 sliadin 57-73 QE6S polymorphism 7 % mmbibit . P
P04725 82-98 QES0 POPQPFPPELPYPQPQS 19 0,009
Q41509 77-93 QE8S QLQPFLQPELPYSQPQP 11 0.15
Glio 1,6 58-74 QE66  QPQPFPPPELPYPQTQP 1 - 0.1
P04723 77-93 QES5  PQPOPFPPELPYPQTQP 10 0 04
Gl 3-5 57-73 QE65  QLQPFPQPELSYSQPQP g " 034
P02863 77-93 QE’S QLQPFPQPELPYSQPQP 0.35
Q41509 77-93 QE85 QLQPFLQPELFYSQPQP 0.41
P04727 79-95 QE6S  POPOPFLPELPYPQPQS 0.39
P04726 $2-98 QE90  POPQPFPPELPYPQPFPP 0.43

th Ch NN

ra



--58 'PCT/ GB00103760 . Table ,1.1. Antagonismof A-gliadin 57-73 gg%g ’
,interferon gamma ELi Spot response by naturally occurring poI rﬂ? Qs of
“A—glladln 57-73. QE65 (P is significance level in .unpaired t test)
A-eliadin 57-73 QE65. pol ynor phi sn% | nhi bit. P P04725 82-98 _95
OPOPFPPEWRYREP8190. 009 Q41509 77- 93 QES5QLQPFLQPELPYSQPEP SRV | a1,6
58- 74 QE66QPQPFPPPELPYPQIQP110. 11 PO4923 77-93 (QE85 PCPQDFPPELPYPQTQDloo 14
dia 3-5 57-73 QE65QLQPFPQPELSYSQPQP70. 34 P0286377-93

- QE85QLQPFPQPELPYSQPQP6- 0. 35 Q415097 ZAIBISESS5Q QPFLQPELPYSQPQP. 60 41 _
P0472779- 95 QE65PQ P60. 39" P0472682- 98 QE90PQPOPFPPELPYPQPPP5: 0. 43 1 April

2004 WO 01/25793 PCTI GB00103760 -59- CLAIMsS A nethod of diagnosing coellac
-di-sease, susce

ti ag di sease V.
corpri st g ¢ & meBeasro it Elee Bhed ?fr?SS‘?‘?Bﬁ‘?h%r}?ﬁb%g“cgé%%@ Bt e
from (i) the epitRRe &AWIicyt Ny sequence which is: SEQIDNO | or 2, ‘or an
equi val ent sequence froma naturally occurring honol ogue of the gliadin

represent ed byaBE@tdcHni@s8npleifiom the hepi wihen egempsdledtsifraraquence conpri si hg
SEQ I D NO 1, .or: an equi val ent, se nce, f occurring

homol ogue of t(RehgPPERREFORERF IS S Bcaovhmg SW?{%\% Sh*pitope is an-
isolated olig f {nelolihd@n anal ogue of .
(i) or (ii)- m@%éﬁ?sg‘gg &?Bﬁagguﬁ%@r%%gg% Fshgéﬁogdyg'ﬂgo ge | . receptor

t hat recogni se;&pl(esant@fbeE())ID\MSh in the case of a peptide anal ogue i s not
‘nore than 50 amno acids in | engt r|5|n two or

nore agents as(iid@pieRdRPs mpr ')smg%F‘ﬂ‘ie“gﬁr’ C‘%‘PP’I)lﬁmg mdﬂfﬁ'fjcﬁé? &P A ?llﬁml n
L i i b i i T
- SEQID NO 3, w}:uch epitope is an tsolated oligopeptide derived from a ghadm -
protein,
- (iii) an analogue of (i) or (i) which 1s capable of being recogmsed by aT cell
receptor that recognises (1) or (it), which in the case of a peptide analqgue_. is oot
more than 50 amino acids in length, or o L |
(w) a product ¢ compnsmc' two or more aoents as defmed n (i) (n) or (111) and
-Cb) determmmg in vitro. whether T cells in the sample recogmse the agent; .

recogmﬂon by the T cells 1nd1catmg that the mdiwdual has, or is suscepnble 10,

coeliac dlsease_.

2. Use of an agent as deﬁned in cla.tm 1 for the preparation of a dtagnostm roeans
for use in a method of dlagnosmg coeliac dlsease or suscep'ublhty to coeliac
disease, in an mdmdual, said method comprising determining whether T cells of
the individual recognise the agent, recég_nition by the T cells indicating that the

individual has, or is susceptible to, coeliac disease.

3. . A method or use according to claim 1 or 2 Wherein the agent is an analogue (iii)
‘which compises (i) or (i) bound to (a) an HLA raolecule, or (b) a fragment of an
HLA molecule capable of binding (i) or (it). |



- coeliac disease. 2. Use. of an agent as defined in claiml| for @ge.l '
preparati on of a diagnostic means- for use in a nmethod of diag %ri_' 3804 _
coel i-ac disease, -or susceptibility to coeliac .disease, in an individual-
~sai d net hod conprising determ ning whether ' T cells of the individual
. recogni se’the pt, recognition by the T cells indicating that the .
i ndi'vi'dual‘-’{’ﬁgy?ﬁqlg% is susceptible to, coeli.ac disease. 3. R%‘%WWW use
according to-claim! ‘or 2 wherein the agent is an anal ogue (iii) which
“conprises (i) or (ii) bound to (a) an HLA nolecule, or (b) a fragnent of an-
HLA rol ecul e capabl e of binding (i) or (ii). 1 April 2004 WD 01/25793
PCT/ GBOO 03760 -60 A nethod or use.ac@o-ding:to claim3 wherein the HLA
~nol-ecule or :fragnent is in a conplex conprising four HLA nol ecul es or
- fragment s 40f HAmFHR@es acdordibls & S8mO8 HhRekih thedliBAMalecude BF frdzm¥igE €i N
*the met'hod conprises adninistering the agent:-to the skin of an individual
and detecting tihecpmplErroapsiingfonaiidt inokscules ohiagmenss of Hhdmolestlest i on,
‘the detection of inflammtion indicating that the T cells of the
~i'ndi vi.dual recognise the agent. 6. A nethod according to claim.1, 3 or-4
- wherein t sa j ' 53 Tl oYa RE b ol aj: 3, 4
or 6 her e CRE o aa PR T b S b TR0 SO iR e
- in vitro bef or egtitao st skimlef ar mdivicgl afd detemingatle preserme o fbintthaipd 4 any
one of the preceding clains in Wrtlitqc&the recognition of the agent by the T
Ccells is deter ihuts HpdadngErtion tafetatiop of oliipation 1pdiceraatbatthed the T
cells. 9.A net : argding.: im8 in which the cytokine.is
~IEN-y. 10. A n&?ﬁsoghg#%dégﬁg%crgr% ngq'}tl%g%}lg} m8 or claim9 in which the
~cytokine.is detected by allow ng the cytokine to bind to an inmmobilised L
anti body specific to the cytokine and then detecting the presence of the
ant i body| &yt oki‘hEctdAcescdingto chaimel, o 4ovhajeia the sasmmle ifgbloed samyplone of
clains 1to 7 wherein said determning is done by measuring whether the
agent binds the T cell receptor. 12. A method. for identifying an anal ogue
- as -defined in & gledioMabectdRiy 18 EAHPT, 35k BY6 viRIEA T BAIsWE hbEkstmGand dat e
. substance i,s recognised by a T.cell receptor that 'recogni ses an epitope
. compri sing sequeattgeaspdafic medneninolizg hefore the saigrictermining. t he subst ance.
indicating that the substance is an analogue.” 1 April 2004 L -

8 A method or use according to any one of the preceding claims in which the
recoggitidn_. of the agent by the T cells is d@termined by detecting the se¢retioh of

U a cytok';rié from the T cells.
9. A method or use according to claim 8 in which the cytokine is TFN-y.

10, A meﬁbciql or use according to claim 8 or claim 9 in which the cytokine is '
_ detected by ‘a.l'lowh:}g the cytokige to bind to an immobilised antibody specific to

" the cytdkine and then detecting the presence of the antibody/cytokine complex.

"~ 11. A method oruse according to any one of claims 1 to 7 wherein said determining

is done by measﬁring whether the ageﬁt binds the T cell receptor. |

"12. A method for identifying an analoguelas defined in a claim 1,3 or 4 coniprising
determining whether a candidate substance is recognised by a T cell receptor that
recognises an epitope comprising sequence as defined in claim 1, recognition of

the substance indicating that the substance is an analogue.



W0.-01/ 27793 -61 13. PCTI GBOO' 03760 A net hod of di agnosi ng coel 'gc’_di-sease, |
. or susceptibility to coeliac disease, in an individual conpri Wd 2004
. determ ning the presence of an antibody that binds to an epitope of an

epi t.ope cong)ri_si ng sequence as defined inclaiml in a sanple from the .
i ndi vi dul0 CUZ8HE presence of the antibody indicating that “HEEPRFYi.dual -
‘has, or is susceptible to, coeliac disease. 14. An agent as defined in
claim 1, optionally in association-d3-h a carrier, for use in a nethod of
" treating or preventing coeliac di'sease by tolerising T.cells which S
recogni §¢ t he me@sd of dagndingpudeigodisate, of s cdptibilidy toibelackiasasz th mel |
receptor as defined in: claim1l optionally in assgciation wth a o
carri er, - f or indévdual campaising detsrmmingthe pepseice of prgrihads dhas Sinds dxandi sease by,
ant agoni si ng’_such cells. 16. An ent as ined.n claiml . or. an
el aonet haeriin et a8 Epiths SowiRe i EedE SediEehh § P Pl ol ot noa
of treating ‘&fe RARYRAL tROpeQ@kt 8LhE hRBRIYG ihdlcAihe thiidhy/indHaduaPXad 8 €rising -
- the individual to prevent the production of such an -antibody. 17. A nethod -
of det er m ni ngsuabegtibirtoacasbapdisedse.on i s capabl e of causing coeliac disease
conprising. determ ning whether a protein capablte of being nodified by a

tra.nsglutam nase to an ol igopeptide sequence as defi n'gad inclaiml is '
present j,n Fﬁnf"aﬁ%ﬁ{m;o@éffn'e?fh clﬁilﬂf?l,méﬁﬁ QfsdcliGoRFREE Sirdi o Abd ﬁg t hat
-the conpositionTs capable of causing coeliac disease. 18." A nethod - .

accor di ng 't 0 aohathod dFtredimger prevhetimgaiodiistedisrant by wderissngibrellsbwhicieont acti ng
"the conposition with an antibody specific for the sequence which is -
capabl e of bé‘fv‘?@ﬂﬁﬁ@mﬁ?@&t—t o the oligopeptide sequence, .bi nding of the .
“antibody to a protein in the conposition indicating the conposition is
capabl e of causing coeliac disease. 1-April 2004. WD 01/25793 )

PCT/ GBOOj§0376/n aftdeckst oftaMudcinihigh hadi T cell piceptor shixfi@edid daityy p@ii)sequence
can be nodified by a transglutaniinase to a sequence_that conprises an

epi t ope conpriptionglsiBcpseasiatioavitheearnedfarwse ingg method ghitrediHied® nut ant -

_ gliadin pr Qt eﬁrgver}x%.lsag %Sgpacrﬁ?s%gé b%rdan'ta%oﬁgl%@ stich T cells.

16. - An agent és_deﬁned in claiti; 1 or an analdgue t_ha_t bi_ﬁds an antibody as defined

" in claim 13 foruseina method of treating or preventirig coeliac disease man
individual by tolerising the individual to prevent the production of such an

anti_body.

1.7. | A method of determining whether a composition is capable of causing coeliac
| disease comprising determining whether a protein capable of being uiod_iﬁed bya
tranéglu_taminase to an oﬁgobeptide sequence as defined in claim 1 is presentin - |
the composition, the presence of the protein }ndicaﬁﬁg that the composition is

capable of causing coeliac disease. - -

18. A method according to claim 17 wherein the said det_t.en‘nining is done by
contacting the composition with an aﬁtibody spepiﬁc for the sequence which is
capable of Bei.ng modified to the oligopeptide sequence, binding of the antibody

" to a protein in the composition ndicating the compoéiﬁon is .capéble of causing

coeliac disease.



way.that it does not contain sequence which can be nodified by, a .
“transgl utami nase to a sequence that conprises an epi tope'corrpﬂ ‘5?54&004-

- sequence as defined in claim1; or a fragment of such a nmutant gliadin- -
~protein which is. at least. 15 ami ho acids |ong and-which conprises

.sequence wyvoahi2kms been nodified in said way. 20. A prot eiytjvd;ggsg/(g@cmjri ses

a sequence which is able to bind to a T cell receptor, .which T cell ,
receptor recogni ses an agent as defined in claim1, and which sequence is .
able to cause antagonismof. a T cell tWat _carries such a T cell receptor.

21. A t,hod of i t.f Wi ! t I st of T L1, whj T [
frecognirrgégpan%ﬁjlé‘g"’?f{%gg%&ﬁlﬁg’ tglg'c])vh 3%0 %Pi?e%%ﬁﬁgagibﬁdn%‘%&XFﬁg a

R ARy b S840 RS G Sl

causes- a decrease tn the ability of 1 tigen.
~ speci fi ¢ respaiefieed tnhdaidet,dut mhgchofiuanyglisdie protiin hastwen madifai id sabh bi ty,

“indicating that the sybstance is an-ant ag(i)ni st 22. A kit for carrying out a.

" method of use VAYCHAUE ARFSIIST SPRFRIGFEAARCE MARGRscap Degnodifiedidri si ng an agent

—as defined i | ai-m 1. - ) t he .[- i'tion of the
peptide by tnaeretatringds® 5 SediioAniRaLd: By B8O e OB I i ans ¢ o
~ detect recognidefiaid GiOdEie BeF adffagditint BOShtaQnlitabt yiadinddrotefh Whichaggording to

~claim-23 wherein the antibody is immobilised on a-solid: support ‘and

- optional |y thdedsti5 amens asitidpng ard whivh aemprigesitsguence whechdres bbedy/ | FN- y

- conplex. 1 April iizogm V\(an01/ 25793 --63_ PCT/ @B00103750 25. An agent as
defined in cl zﬂl?ﬂ-lf’ S &t agoni st as defined in claim15. 26. A. - _

~ pharmaceuti cal conposition conprising an agent or antagonist as defined in
-claim 25 and a pharnmaceutically acceptable carrier or diluent. 27. A

A composi ti 0N o QlenBRisABAMTaAG dukoBRh of STRANSE LAl JHGIF ogp- defined i

claim 1, which"conposition conprises an antagonist as _
29. Use of anraggmdr. or. antagoni st as-defined in claim24 or a wild type
_sequence as A - o R :

21, A m_ethdd of idenfifyin’g an a;:ttagonist of a T cell, which T cell recognises 'an'- -
agént as defined in claim l_?éonip_ris-ing contacting z candidate substance with the .
T cell and detecting ﬁvhether the substance causes a decrgasé in the abiﬁty of the
T cell to undergo an antigen specific response, the detebtiug 6f any such decrease

in said ability indicating that the substance is an antagonist.

220 A kit for c_arryiﬁg out a method or use according to any one of claims lto1l -
éomprising an agent as defined in claim 1, 3 or 4 and a means to detect the

recognition of the peptide by the T cell.

23, ‘AKkit according to claim 22 wherein the means to detect recognition comprises an

antibody to IFN-y.

24, Akit according to clajm'23 wherein the antibody is immobilised on asolid
* support and optionally the kit also comprises a means to detect the antibody/ITFN-

¥ 'compl'ex.

~in-clatm 15. -

conposi ti20n f ok ptadtie thas icog pesesi ardijwénda ahitoisably tobdidtoprDedl rce¢mosuppr es's . ]

- the production.of .a T cell or antibody response .to an agent as defined’'in
e e Sl nel recenior Btneeiseod SasnEaARtingd IR b gt m | 2



- vector

-deflned in cIa|m19 to' produce an antlbody speC|f|c to the age N
antagoni st or wild type sequence. 30. Use of a nutation in an e’é‘? '38840f
“a.gliadin protein, which epitope is as defined. . .in claiml, to decrease
the ability of the gtiadin protein to cause coeliac disease. 31 A
pol ynucl ¥t 1f87Bhat . conpri ses a codi ng sequence that. enc8EESER0PI6 ei n or
fragment as defined in claim19-or 20. 32. A polynucl eotide according to
claim 31 that additionally conprise$3sne or nore regulatory sequences
- -operably linked to the codi ng sequence, which regulatory. sequences are .
- capabl e2af sAnupedigs deftneeipchssilor anfantagenistedidefinsiaqubaimelsin a cell. 33. A
-pol ynucl eoti de according to claim 32 wherein the regul atory sequence(s). :
al | ow expression of the coding sequence in a prokaryotic or nmammalian cell.

34. A pgéynu | %Qa%uﬁ%h?%&ﬂb%ﬁn s?:{]eanogoeﬁt o%\pag!sag S toééav%ch Is a -

IS | ormo AceII

conpri si ng aclﬁﬁﬂx yHad ephirdRcanicdlR} hdegiabl camer ong@ihRbt. cl ai ms 30 to. 34 -
whi ch has been transformed with such a pol ynucl eotide. 36. A cell accordl ng

to claim35 which is aprokaryotlc cetl or amammllan ceII 37. A manmal
-.that expresses a T ept or as,.defi,ned n cl ai Met hod of -
identif ? @an t8f? ’lglélgtaﬁé?‘g H%Htea Fd'eé’é?ti“ﬁéo Eﬁ‘@é%?ééhe conpri sing

adri ni st er | ngr@ue@mﬁar CelpUOSBOSPrch Porle WA B en i debtoedip glaim 37

whi ch has, or which is susceptible to coel i ac” di sease and €rm ni ng -
whet her su_b%mhwnmoemgntcsmpnwsraaagsntcasdhfm idickéade in the manmmal, the :
prevention or treatnent of coeliac disease indicating that the subst ance
is a therapeutic product. 39. A therapeutic prodUct as identified in the
met hod af cl aj (g 5 8d dbn@bin P PR Qboi8Y SLddIPaLd coel i ac
di sease” 40. A r%&ho cf? di agrxllom ng coeféggo Bles{ea , %S?eéﬁ%é%g%%g%lllty to
coel i ac" di seasehich camposmdmvmrdpmdesammmg@nngsadﬂ’madlmtmmng an agent as
defined in claiml and determning in vivo or in vitro whether T cells in:
the individual recognise the. agent, recognition of the. agent indicati ng
~“that theggi nd l 41. Use ‘of
25, UL 8 BF oDl RS FRLIRE i 28 8P U6 hoRAREec . 18° O

-an agent "or COﬂpOSI )
28, for the mefikdiatddie 1®fm@r¢mﬁemm&d§z@ped@fﬁ@w&ﬁé hgegt,@.ﬁtagéﬁaﬁdrng coeliac -

- di'sease.

wild type scquence

300 . Use of a mutation m an epltope of a Uhadm protem which epitope is as deﬁned .

in claxm 1, to decrease the abxhty of the gliadin protein to cause coehac disease,

31. A polynucleotide that comprises a doding sequence that encodes a protein or -

fragment as defined in claim 19 or 20.

32. A polynucleotide according to claim 31 that additio::aﬂy COMPIiSes one or more
regulatory sequences -operably linked to the coding sequence, which regulatory

sequences are capable of éecuring the expression of the coding sequence in a cell.

3. A polynucleotide_ according to claim 32 wherein the regulatory sequence(s)

allow expressior@ of the coding sequence in a prokaryotic or mammalian cell.

34, A polynucleotide according to any one of claims 31 to 33 which is a vector or

which is in the form of a vector.



42. Use according to claim4l, wherein a therapeutic agent foripapeM@oding
or treating coeliac disease is admnistered to an individual after coeliac
di sease has been diagnosed in said individual by a nmethod as defined in
claim1l or claim40. 1 April 2004 WO 725793 PCT/ GB00103760 - 65 43. A
cell according to claim35 which is a cell of a gram naceous
nonocot yl edonous species. 44. A cell according to claim43 which is a cel

of wheat, Imi ZeA RRtSmpfiYifg a pbiniclediidd £¥efihéd ﬁi&?loﬁe ofd to3y sugar
cane. 45. A process for the production of a protefn encoded by a coding

sequence as dedrined in claim31 which process -conprises: (a) cultivating
a cell according, to. a one of clainms 35, 36, 43 or 44 under conditions
that allow the ‘g@ﬁﬁgéssn%ﬁﬂtr@?SfQ’II‘i%ﬁdd’ﬂg{;%icﬁ?PQW&u‘éB‘?tidﬁnal |y tecovering the
expressed protein. 46. A nethod of obtaining a transgenic plant cell
conprising: (a) transformng a plant cell with a vector according to claim

34 to giveda A esdsgenidingdoaidim3 wWhich Ts a prok®ityoti€l c€lf orabin@infalign aell.
first-generation transgenic plant conprising: (b) regenerating a transgenic
plant cell transformed with a vector according to claim34 to give a

L ansgent opl an e IFLROG:8ls PRUTIILAG: & JIRNRGROLE, Bl ont secd

conprising: (c) ni ng ransgeni c ni ¢ pl ant

obtai nable by step (b) of claim47. 49. A nethod of obtaining a transgenic
progeny plant conprising obtaining a. second-generation transgenic progeny
pl ant fromé& fiMsthodeiateatifione 2 prdugeriich & thgapduti2 Gocowtiaddiscasey 93

PCTI GB00/ 03760 -66-. pl ant .obt ai nabl e.. a .net hod according,t l.aim 47, and
optional |y obt a‘f%‘,‘l}{&?ﬂ&%&ﬂg@%ﬁp& aﬁf’%ﬁ%ﬂé‘ﬁ“&ﬁ?@e&awﬂ? 6? @?ﬁg’reg@%ﬁ]@}r%tl ons
from the secondypognRh ks, OF whitthig Sibéeftitdto, Eoutac AREALIRE 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.

39. A therapeutic product as identified in the method of claim 38 for use in 2 method

of preventing or treating coeliac disease.

40. A method of diagnosing coeliac disease, or susceptibility to coeliac disease in an
individual comprising administering an agent as defined in claim 1 and
deteirmining in vive or in vitro whether T cells in the individual recognise the
agent, recognition of the agent indicating that the individual has or is susceptible

to coeliac disease.

41. Use of an agent or composition as defined in claim 1 or any one of claims 26 to
28, for the manufacture of a medicament for preventing or treating coeliac

disease.

42.  Use according to claim 41, wherein a therapeutic agent for preventing or
treating coeliac disease is administered to an individual after coeliac disease
has been diagnosed in said individual by a method as defined in claim 1 or

claim 40.



50. - A nethod accordlng to claim49 conprising and/or and/ or {g% gﬁb |n|ng
‘a transgenic seed froma first-generation trausgenic plant i

. the nethod according to claim48, then obtaining a second generatlon : '
transgeu eny plant fromthe transgenic seed; (e) pro ating clonally
a first- d@%gy§t?%n transgenic 'pl ant obtainable by the 5%“Q@€%Pdlng to
‘claim 47 to give a second-generation.progeny plant; cr055|ng a :
first-generation transgenic plant obéat nabl e by a nethod according to
claim47 with another plant to give a second-generation (f) progeny plant;
and optionally (g) obtaining transgenic.progeny plants of one or nore

further eneratl ns- from e gen tion eny pl ant thus- - '
obt ai ned™- 51.A 8 ?cﬁﬂgdé%ﬁo %Pfﬁ’ewglégfsacpq tagr?ﬂ‘g‘ﬁ t<%&ed or progeny pl ant . -
- obtai nabl e by, qgtﬁ,magw_ﬁcs gsigi ng to any one of clains 46 to 51. 52. 44. A
transgenic pI ant l'ant seed conprising plant cells according to claim43

or 1 April 2004 WO 01/ 25793 - 67 PCT/ GB00/ 03760 53. A trans genie plant

cell callus conprisi {gﬂ{lpl ant, cell s, accordi nfg to claim43 or 44 obtainable
from a t4ansgerplEagsP eql‘l‘-‘m‘f:’l Which gihes bRt vohkeah e, OFF.aiE Ti6ed or progeny

as defined i ny, or 46-to 50. 54. A plant or callus
accordi ng tobzfﬁ% ’onr}g&g?%f |m§ cfugélmaé‘% to 53 which is of a species as

defined in claima43 or 44. 55. A nmethod of obtaining a crop product

- conpri sing harvesting a cro Br oduct from aé(gl ant according to any one of
claims 545.t 0 AProcesidiope mﬁg!l on piiz pregain prasd by Agoding semepedsased product .

| tSEe A net hod. a";l(%c 5 c';]%n{[?l whn nsrééess\/\@o%gp%srésthe pI ant |s“a \_/\heat pl ant and‘

- (a) | cultivating a céli according to any one of claims 35, 36, 43 or 44 under
conditions that allow the expression of the protein; and optionally
(b)  recovering the expressed protein. '

46. A method of obtaiﬁjng a transgenic plant cell comprising:

(a) transformmg a plant cell Wlth a vector accordmg to claim 34 to nge a

ransgenic plant cell. .
47. . A method of obtaining a first-generation transgenic plant comprising:

®) '_ regenerating a transgenic plant cell transformed with a vector according *

" to claim 34 to give a transgenic plant.
48. A method of obtaiming 2 transgenic plant seed comprising:

(c)  obtaining a transgenic seed from a transgenic plant obtainable by step (b)
of claim 47.

49. A method of obtaining a transgenic progeny plant comprising obtaining a

second-generation transgenic progeny plant from a first-geperation transgenic



harvest ed crop product .is grain; . .optionally further processed Q@Qh{‘)
din

anot her grain product. 57. A crop product obt ai nabl e by a meth

to-claimb5 or 56. 58. A food that conprises a protein .as defined in any

claim19 or 20. 59. A food according to claim58 in which a protein as
-def.i ned i nwoloai2za1939 or 20 is used instead of wild-type gl iradi®@Boo/03760

_66...

plant obta.mable by a method accordmg to clam:l 47 and optlona.lly obta.tmng

transgemc plants of one or more further gencrauons ﬁom the second- generatxon

progeny plant thus obtained.

50. - A method according to claim 49 comprising:

(d)

and/or

(e)

and/or

®

and optionally

(g)

obtammg a transgenic seed from a first-generation transgenic plant
obta.mable by the method acccn:dmcr to claJm 48 then obtammg a secoud-

generauon ‘transgenic prégeny plant from the transgenic seed;

propagating clonally a first-generation transgenic plant obtainable by the

method according to claim 47 to give a second-generation progeny plant;

crossing a first-generation transgenic plant obtainable by a method
according to claim 47 with another plant to give a second-generation

progeny plant

obtaining transgenic progeny plants of one or more further generations-

from the second-generation progeny plant thus obtained

51 A transgenic plant cell, plant, plant seed or progeny plant obtainable by a method

according to any one of claims 46 to 51.

52 A transgenic plant or plant seed comprising plant cells according to claim 43 or

44

T &g

or
g



1 April 2004
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53. A transgenic plant cell callus coraprising plant cells according to claim 43 or 44
thaineble from a transgenic plant cell, first-generation plant, plant seed or progeny as

defined in any one of claims 43, 44, or 46 to 50.

54. A plant or callus according to any one of claims claim 51 to 53 which is of a

species as defined in claim 43 or a4 -

55. A method of obtaining a crop product comprising harvesting a crop product

from a plant according to any one of claims 51 10 54 and optionally further processing

the harvested product.

56. A method accordmg to claim 55 wherem the plant is a wheat plant and the

harvested crop product is gram op‘uonally further processed into flour or another grain
| product ' o

57. Acrop produet obtainable by a method eceord-ing to claim 55 or 56. .
58. A food that comprises a protein as defined in any claim 19 or 20.

59. A food according to claim 58 in which 2 protein as deﬁned in claun 19 or 20

is used mstead of wild-type ahadm





