WO 01/ 25793 PCT/ GB00/ 03760 DI AGNOSTI C AND THERAPEUTI C EPI TOPE AND
TRANSGENI C PLANT The invention relates to the di agnosis and therapy of

coel i ac diWOAYe™iaand to a gliadin protein which does n@cTiGRISE3BOEl | ac

di sease. An i mune reaction-to, gliadin (a conponent of gluten). in the diet
causes 5 coeliac disease. It is known that imune responses in the
intestinal tissue preferentially respond to gliadin which has been
nmodi fi ed by arDIAG ¥, HRRAPBUHC BRITOPECANDI ERANSGENNEPLANG] agnosed
by detection of agii:endonysial antibodi.es, but this requires confirmation
by the finding of ePQ’FFﬂ%-?&é ﬁe%t°a'£%4ﬁ?%‘ﬁﬂﬁ?‘?%‘ﬁeﬁaw ?#ﬁ"é’éaﬁ epiishiRites. The
t aki ng of sugfiadin PicBdds Which dbBGRONAE @Rliad fideasel 0 t he patient. Investigators
have previously assunmed that, only intestinal T cell responses provide an

accurat e i ndi cat i 4% IBmunAEsactamip slisdis(gsamponeghefalutenjiin theidiet casber ef or e

they havs congaiikuRbad R kddbm'dl Sibhisedin e ifibdindigaRANSCS. 1 N
intestinal tissue'. diadin epitopes whi'ch require transgl utam nase

modi f i cat i on ptdfertnsially réspyndeto gliddin which bas teed moificth by amintsseiny st en) ar e
known2. The i r.s_haye found the.i munadon nant T cell epitope

recogni sed b;ﬁ&%ﬁé&a ehé‘%g&%’t RS ‘B@Pi“% Yd{é}fﬁté@e‘),fa%ﬂnﬁh?ﬂ/‘g“’ihom t hat
this is recognidibs bt this re@lites confinbhoniS thefigdisg ofd 19RGh&kit Ndi vi dual s with
coeliac disease. Such. T cells were found tg be present. at high enough
frequenci es tH1agEnaap sntestinal Hopsies, The taking,of suphiadyionsy isipcaavenient farm

responsed detgaGltig. system coul d be used} The epitope was identified using
a non-T cell cloning based net hod which providéd a nore accurate reflection

of the epitopes bBvegisptesdygrs pedoushirssumedthydoly intestinabpcelbyespanesyui r es

transgl ut am pas Lfi Holom i ' jon. of .a partigul ar
gl ut am ne toB gfdﬁfqg%%‘{“ﬁﬁ Eg%‘#‘;é‘cﬁunrﬁfd‘%g‘@gg%é&rﬁg?%‘%%h@ﬁdﬂ’ﬁ ‘al.%re%é%ed on this
wor k the i nvéeydnre doncentraed ed the dnbestightiont ofiihéatirespanselin inrstthal tissueli agnose
coel iac diseage,at .an early stage. The test e.cayrjed out on a sanple
from peri pher2puh %&’%ﬁ'&mﬁﬁe@}”é?ﬁnéglé{ﬁ“ﬁ%‘ég’?n&ﬁ?“%%ﬁ%‘f they 8%t requi r ed.
The tesi5is retogmised®pid imntink Byaten)AR: l@Btvnb0ody tests which are currently .
bei ng used. The invention thus provides a_nethod of di.agnosing coeliac

di sease, or 30 SE%%}EW%?P?W@%%@mu&@dmﬁﬁgéeuﬁﬂmﬁwqqaﬁwﬂml |
g_gml(is; ng:heéh%_)mﬁﬂa' ¢ $ystehl cBelE ARbdse, 'ah@ Have Mot filat s il reBpn A8 B} 156! €Ct ed

~ cells in the peripheral blood of individuals wi§h coeliac disease. Such T cells were

found to be present at high enough frequencies to be detectable without restimulation
20 (i.e. a “fresh response’ detection system could be used). The epitope was identified
using a non-T cell cloning based method which provided a more accurate reflection
of the epitopes being recognised. The immunodominant epitope requires
transglutaminase modification (causing substitution of a particular glutamine to
glutamate) before immune system recogniﬁon.
25 - Based on this work the inventors have developed 2 test which can be used to
diagnose coeliac dis_eése at an 'ea_ﬂj stage. The test may be carried out on a sample
from peripherai blood énd iherefo;é an intestina! biopsy is not required. The test is
more sensitive than the antibody tests which are currently being used.
The invention thus provides a method of diagnosing coeliac disease, or
30 susceptibility to coeliac disease, in an individual comprising;

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



WO 01/ 25793 PCT/ GBOO 03760 -2 epitope conprising sequence which is: SEQ ID
NGO 1 or 2, or an equival ent sequence froma naturally occurring honol ogue
of the gliadin r esented by SEQID NGO 3, (ii) an epito LSi ng
sequence CO%@?‘?S%; SEQ ID NO 1, or an equival ent sequgﬁyg%r'?‘%lr@a
natural ly occurring honol ogue of the gliadin represented by SEQ5 ID NO 3,
whi ch epitope is an isol ated ol i gopepti d#deri'ved from a gliadin protein,

(itii) an analogue.-of (i) or (il | €hood bl e, of bei ng, recogni sed by a
T el 1 *"r acapt diops Grmirsiog e with £1Suq S AP, 8 e EARER RS
peptide anal ogfiemiahatdedllyBe&ering RiniolGkhe dRthia @liadin tkprestntbdEROSEQ IDINA:BY) a
product conprising two or npre agents as . defined in g), (i) . or (iii),
and (b) deternﬁ”ﬁ?ﬁa’mﬁewfil?f@%ﬁ%?e?%ﬂn& $EQ I &Gy y?ﬁP-’_ée‘i_!E’Ovall’é‘Eogni se the
agent , _recogmgeheéﬁcbﬁoﬁma&rgwdcamﬂgh&ﬁabgg of BRlglhE rdgtdeMbdiipbpgas, or is
susceptible to, coeliac disease. The invention al'so provides use of the
agent for 5t he BN swbichrepitdpeds anfisolated sligapephidgderived frons & glisfimpmtgithod of

ot duar, ool ¥ BERSE i OF @ WARRH Laputp ifveidaholeitsbdihy B RGRD S L1 OO

i ndivi dual r ecregeptarehdt keogrieen (i) or @,0ghicH indlre daye dfragpeptidecinblogueid netahorag t hat
t he i ndi vi dual . ha or 1S ,susceptibl.e to,,coeliagc. disease. The findi ng of
o Ianedom 1R Seming BEids i G, oF () b URY R BIng 1 P AT B b0

al | ows di agnosjcfined inqDetif) 3£ (), ARAGF ddaaRtin®m viRs Fhethdr TG s B1RE SipiplOt her
types of immune response to this epitope arecg\_:esent. Thus the 20 invention
al so proviPdes wcospisadhe agentaresRpmbiony theobrally éndigating that the individnablysi eniis ity to
coel i ac di seas i chbdi@k Yisgddal conprising determning the presence of
an anti body t g%epbfﬂﬁgg to thg epitope in a sanple fromthe individual, the
presence of the antThsduMentipmalsccprovides useiof the hgent fodtheiptepatatibmefa or i s
susceptible to,._ coeliac di.sease. T | nvent i on addi ti.onal | rovi.des the
Sgent | opt | onafPgERE Bleh R B trifed o Gl Bblec htel PRGSO o
treating or preeéiicdiesaghianndiiidalsaidmetiod compisingdetermiihg ®hathérdh

recogni se the agenj. Al sq provided js an antagonist, o T gell i ch" has
LoTOT01 T Specoptelh ot e tndtaabl ramte chsssat, CrmppOy b polstaiceag it | on
W th a carri erge ifdividisbRasl 6k idsu¥BpRBR t8)fcobliaBAlskdde. Or preventing coeliac

di sease by ant agoni Si r}%dsuch T cells. Additionally provided is the agent

or an anal ogue t hatThsifdingsf amimmunndomiveniopitone whiskis madifieddent ) for use in
a method of treglhilenasPhsy Alws WhghiOs drdbeift IGBRE bhddd 3 determining

whether other types of immune response to this epitope are present. Thus the

20 invention also provides a method of diagnosing coeliac disease, or susceptibility to
coeliac qmease,. in an individual comprising determining the presence of an antibody
that binds to the-épitopé in a sample from the individual, the presence of the antibody
indicating that the individual has, or is susceptible to, coeliac disease.

The invention additionally provides the agent, opﬁoqally in association with a

25 carrier, for use in a method of treating or preventing coeliac disease by tolerising T
cells which recognise the agent. Also provided is an antagonist of a T cell which has
a T cell receptor that recognises (i) or (ii), optionally in association with a carrier, for
use in a method of treating or prevenﬁng coeliac disease by antagonising suchT =
cells. Additionally provided is the agent or an analogue that binds an antibody (that

30 binds the agent) for use in a method pf treating or preventing coeliac disease in an

individual by tolerising the individual to prevent the production of such an antibody.



I ndi vidual by tolerising the individual to prevent the production of such
an anti body. WD 01/25793 PCT/ GB00/ 03760 -3 The invention provides a nethod
of det er mwo sbsyd3et her . a conposition is capable of calytslilgﬁm&gﬁ{’]i ac
di sease conprising determ ning whether a protein capable i'hg nodi fied
by a transglutam nase to an ol i gopept i_§§ sequence-as defined above is
present in the conposition, the presenCe of the protein indicating that. the
5 conposition is BRLL i | -cH The | tion al so
provi des a nut antﬂgl i ad@#ﬁoﬁ%ﬁ?%@%ﬁhw&%ﬁgg@éﬁ?eaq%%ﬁégg@;% be nodified
by a transglapahis efgesingrogliasatinsasscomptising deterpining-whether a@pit¢io papablenpr i si ng

sequence as 4 | ; ant l.adin protein has been
nodified in ﬁ%ﬁgyﬁﬁgﬁﬁﬁ%@%@e%{n @&ﬁ?‘l é’lh ﬁe %egﬁ%é;ﬁ'gse‘ie\%ﬂf‘gh can be

nodi fi ed 10 abyveris presens 3l thé eonpraition tthe preseacp i Hieproteintindicuiipg taeHe SUCh an

epi topescorrpri sin .seq)uagc?; or a fragnment of such a nutant '
gl i adi npr ot"BMROSFITIA capably Of pausing cqeliacdisease. aci ds | ong and whi ch conpri ses
sequence whi ch hase BRamtioAARb pidvilies A mutinfglivdin protBis wHNERE-BRea! SO provides a
protein that conprises a _sequence which r1s Wép to bind to T cell

receptor, wipQence b medifiedbyp transglutpminase tor 4 pequagesthat omprisdsiaph 15 sequence
Is able to | : | . A I

receptor. %\ It icongi i % teaggn?%%%?ﬁiblg‘r’%9@%@%@’%@?@%’5&%%%%% ses the
prot ei ns defeeremodifiethinguchihway thatdtddepnoticgntainsepienatvidchxnan b modified npanyi ng

drawi n In,which: . Fiaure 1 sh freshly isal ated PBMC (peripheral bl ood
m)nonugﬁear bgél%glﬁﬂn@%ﬁ% Eﬁﬁqg%\é%thr&eg%%é?ssu%/a?pf B ©° mghgws spot '
form gg cel :sequpﬁe;dx(hﬁfrh dgﬁi@doftso%udmi/iﬁglgu‘adiﬂbml ; whic]éiﬁi)atﬂdfaaatsladnﬁld unt r eat ed
epti de pool . eac eptide 1 i in ing five, overl apping 15ners
Epgnni ngpA- & %{(?Pﬁanl‘g@gh porapits 144 Wi ﬁﬂéieﬂ@ﬂﬂﬁf‘@%@ﬂwggst gd gliadin:
(40 gg/m) in coghd iﬁGen@bﬁSl@&Fmﬂd@& £6rotein th&t%ﬁgﬁdebxséqﬁgndeeami&% g8l f Ol | owi ng
a gluten free-diet then challenged with 200g bread daily for three 25 days
from day 1( & bindtonT pethreceptar. T selbyseaptos reppeniies thecagent, and whitd- t r eat ed

A-gliafdn peplkae; 3 é%ﬁg&- | : o e d.adi otein during
ten d?}l’ br gg%lb%ﬁéﬁzén%gﬁ%% e ﬁ%l%ii;%?ttg?%l?;s&scﬁg\?\js&ggéf%’ tg’;t er B
commenci ng br eadAdditionally tie invention prERides dbigpd Gkt cBRDIisesehpmotems defineti TGt r eat ed
pepti de poolab v% (spanning A-gliadin 51-85) in 7 individual coeliac disease
subj ects (ver‘f | '

cal axis
The invention is illustrated by the accompanying drawings in which:

Figure 1 shows freshly isolated PBMC (peripheral blood mononuclear cell)
20 IFNy ELISPOT responses (vertical axis shows spot forming cells per 105 PBMC) to
transglutaminase (tTG)-treated and untreated peptide pool 3 (each peptide 10 pg/ml)
including five overlapping 15mers spanning A-gliadin 51-85 (see Table 1) and a-
chymotrypsin-digested gliadiﬁ (40 pg/ml) in coeliac diseas_el Subject 1, initially in
remission. following a gluten free diet then challenged with 200g bread daily for three
25 days from day 1 (a). PBMC IFNy ELISPOT responses by Subject 2 to tTG-treated
A-gliadin peptide pools. 1-10 spanning the complete A-gliadin protein during ten day
bread challenge (b). The horizontal axis shows days after commencing bread.
. Figure 2 shows PBMC IFNy ELISPOT responses to tTG-treated peptide pool
3 (spanning A-gliadin 51-85) in 7 individual coeliac disease subjects (vertical axis
30 shows spot forming cells per 10 PBMC), initially in remission on gluten free diet,
challenged with bread for three days (days 1 to 3). The horizontal axis shows days




30 shows spot formng cells per 106 PBMC), initially in rem ssion on gluten
free diet, challenged with bread for three-days (days 1 to 3). The
horizontal &g mpshews days WO 01/25793 PCT/ GBOO/ 03760 - . gcdigfioss@Mmenci ng
bead. (a). PBMC IFNg Elispot responses to tTGtreated overlapping 15ner
peptides included in pool 3; bars represe4nt the mean ( SEM response to

I ndi vi dual peptldes (10 g/m) in 6 Coeliac di sease subjects on day 6 or

7(b I n i ndiy gg&,m Juere

cgl )cul gt ed as a % esp%%s(gﬁg#l Cl tec?% d pep |%&s%§?&%§&shom by the
vertical axis. c)veﬁagmxglsms hemdesl-“iml@dﬂdﬁmpo@m Eﬂﬂépms;bdwsn@nt(ﬂbsﬁmt reat ed
truncations of A-gljadjn,5 0 B represent-.th

5 Coeliac di se'§§pémges53 %‘é‘f"éﬁp@%ﬂgﬁ Qé "yﬂ&uﬁ’lagéﬁ% gg‘f%ase‘?“&e r?gg@y\%é)fe

cal cul ated as 1(by @ Bildividial s‘iiajébMLISPel?pésps&eeioIp@pﬁd%@lwbi;é caldylatell af B

peptides tested,) 10 Figure 4 shows how t he ni mal  structure of the
doni nant A- gl |%desfi"’%‘i?l*B‘Eéiy\ﬁa@qﬁﬁpéﬂ%“@%m%%‘%h 7-17mer A-gliadin

peptides (0.1 NM | Fgdrt 9 lsAGvs FEMC TBIY EDESPO TS by td ArGutrdabddi ehinBeticd®) (2)

and the sarre epti deS wi t hout tTG treatnent but with the substitution

Q E65 (b). A-ghiadin 6672 hpM) PBes repregent the mepct YEMbinf<Coslinpdisesst of

t hree Coeli ac S r ested on
days 1-3. (In glrlqge’e’él @?JEIHM&% B’?&sqﬁpwe%e@%ﬁgeg? %/\hgr%%gah\aé%&mﬁugged as a
% of the respm&s;mnsé&lmntemanyofﬁnap&ﬁmteswdgl [ ad| n 57-73.) Figure 5 shows

the am nqQ _.aci ds m dat ed tTG - ljadin ,56-75 .
(LQ_QDFP%QQ_PYPQDQééﬂ)I\A?ﬁW ﬁb" v&g 4"?’@ 56'?3‘)‘;#‘)"1’“%&3 37C-for
2 hours. A singhemgppedsibg %tréa%n‘VJlﬁm&dA%uﬁhlﬂpéptl‘db 1My Riadisg tRhase 20

HPLC. Amino acid analysis all owed % deani dation E) of each G n residue

in A-gliadin ssuepse, FQRQLRY @neliadinp2-68%(2 oaﬁéh%meaff‘@élwe@@%ttﬂ@al axi s) .

Figure 6 sho 1, | pBMEY at ot her
poSi tions i M t?‘ﬁﬁa‘fﬁ‘“‘ﬁgs‘ﬁ’ﬁ{g‘“’%% Em(r{"gr gﬁh lme?elg%aELPYP@%é%( E57, 65)

QLQPFPQPEL PYPQPEHSPOIaSppases inftaciptRigRe CralRomizease Belijects®, day B)or 7afier 25
CLPE P PSR L5 0L PRSI TR .

after bréad was 1 nges
response. Fi gu:raaachataimws%tdﬂ&terés*ﬁﬁhs‘ereﬁateﬂcbyﬁhegl7|n&d|A}gEﬂu?57—Q:{)) 1 M elicited

I( E!;t g ELISPOT ¥ ©SHY nse sixows(tﬁg amino aclgs wh% were gd”ueet Jdgteg gy '91‘ (9 eR-g?x g PEMC.
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 analysis allowed % deamidation (Q-E) of each Gln residue in
A-gliadin 56-75 attributable to TG to be calculated (vertical axis).

Figure 6 shows the effect of substituting Q-E in A-gliédin 57-73 at other
positions in addition to Q65 using the 17mers: QLQPFPQPELPYPQPES (E57,65),
QLQPFPQPELPYPQPES (E65,72), ELQPFPQPELPYPQPES (ES7, 65, 72), and

25 QLQPFPQPELPYPQPQS (E65) in three Coeliac disease subjects on day 6 or 7 after
bread was ingested 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-g
ELISPOT responses in (a) CD4 and CD8 magnetic bead depleted PBMC. (Bars
represent CD4 depleted PBMC responses as a % of CD8 depleteci PBMC responses;

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



represent CD4 depl eted PBMC responses as a % of CD8 depl eted PBMC
responses; 30 . spot formng cells per mllion CD8 depl eted PBMC wer-e:

Subj ect 4w@w2s®w3d Subject 6: 535). (b) PBMC I FNy ELI ses (spot
formng cells/mllion PBMC) WO 01/25793 PCT/ GB0O/ 03760$&2G£@’t%§é]}r?5|| ncubat i on

w t h nonocl onal antibodies to HLA DR (1g243), -DQ (L2) and DP (B7.21) (10
g/ml) lh prior to tTGtreated 56-75 (0.1 M in two coeliac disease

subj ect s hormﬂefgswba_.ni)ﬁhiﬂlﬂlnﬁ:daaoﬁilaﬁﬁﬁﬁf&sto@ﬂl@@ﬁé&#ﬂé%o %aﬁ&é%}ﬁ ItEet e

effect of substi Etln ? at position 65 for ot

i mmunodomi na 77915 1(0dtg2m #H@W@Pﬂ@ﬂwﬁ#@%%hﬂwwa%cpelsesdws@eu nthe 3
subj ects-i N §jedishgfohobdor HEMUDQAPUSORH1+etA! OPC. Figure 9 shows he

i mmunor eactivity of natural f occurrl ng 'gli adin peptides .(nmeasuring

responses from 3 Baig §elu0§98 tbm@wt efpnbstifuting IGlu atgasiton €5 Qb amind  (shaded)
d t t 1Q sh CD8,
i, "R il Bt i ARSAMATLARRE PheRiTR s By o e nisn By o

bI ood nonon@kxxb&mtsd&efaﬂ&oﬁlt@ﬁhbﬁ:ﬂﬁuﬁﬂﬁinizﬁﬁt @ltbpecct s 6 days after conmencing
gl uten chal |l enge fol | d By jinterferpn LI Spef. A _gliadin 57-73
QE65 (25ntg/m ), 1{‘ ?V@E{Sé%ewmfeﬁ étvg?'e&"&‘ggt ecsuming gliadin peptides ncg/m ) or
PPD (10 ntg/@dehsudap PospoiSeh Bsm 884t hich chhthid e sbqueBOVOLIY G Pt 1 mal T cel |
epitope | en Smh Fi gure 12 shows Jw%arl son of sk&% |1 adl nls5§m§3 QE65 wi th

ot her peptlcfé"‘ll?l eci)mnéwerb@é(crlwm @mﬁme 13 shows a conparison of

gliadin,and A- gI d| n 6 onses. 20 Figure 14 shows
the bi gact i vi ty }055&0 % ﬁB?Qﬁ al'ﬁpeé" [fRuoomagnetic] Fi gures 15
and 16 show debﬁﬁ@lﬁéﬂﬂéhﬂ&rﬂbldob%oﬁ@ﬁ&le@ﬁeﬂ@ﬂ@m&@&H@élﬁé’subfdcﬂ‘ércﬁ 17 to 27
show t he agom st actiyvit f A—gl | adin 57-73 QE65 vari ants. I gure 28

shows r esporféEscommerrcing Oy%%@terfwn[aemmalmsnyés&n ption of the
i nvention T ’ i g condi ti ons
iakiBTir3 LS %%/lﬁgaﬁe treaiad Qﬁwﬁﬂ‘%p‘?&%‘.‘*‘ﬁén 0sever e form

caused by varying degrees o uten sensitivi
characteri senlcgbyl)arl’ll’la(wm@(ml)wm@sd arpatigenicosa (hyperpl astic villous

atrop hﬁs and ot h?‘fgui@fl%o&r?ﬁi@%ﬁ&%l']s&ﬂ epitope length.
Figure 12 shows a compatison of A-gliadin 57-73 QE65 with other peptides

in a dose response study.
Figure 13 shows a comparison of gliadin and A-ghadm 57-73 QE®65 specific
responses.
20 Figure 14 shows the bioactivity of gliadin polymorphisms in coeliac subjects.
Figures 15 and 16 show the defining of the core epitope sequence.
Figures 17 to 27 show the agonist acti\_rity of A-gliadin 57-73 QES6S5 variants.
Figure 28 shows responses in different patient groups.

25 Detailed description of the invention

The term ‘coeliac disease’ encompasses a spectrum of conditions caused by
varying degrees of gluten sensitivity, including a severe form characterised by a flat
small intestinal mucosa (hyperplastic villous atrophy) and other forms characterised
by milder symptoms.

30 The individual mentioned above (in the context of diagnosis or therapy) is
human. They may have coeliac disease (symptomatic or asymptomatic) or be




by mlder synptons. 30 The individual nentioned above (in the context of

di agnosis or therapy) is human. They may have coeliac di sease (synptomatic
or asynpt ongye fosis be WO 01/ 25793 PCT/ GB0O/ 03760 -6 susp 0,9_{%(0haw ng
it. They may be on a gluten free diet. They nmay be.in an acute

response (for exanple they may have coeliac disease, but have onIy |ngested
gluten in the last 24 hours before which they had been on a gluten free
diet for 14 tog T Id S gﬁﬁgel i ac

di sease, such asg%'egg%‘g% gﬁtsﬁ% elﬁl&% a%uugﬁcaiﬁé(%ete)d?% %%ﬁ@%*péeéghnp by the

i ndi vi dual havphage reggonse wamplhﬂmgmiayshave ahiebzatisasy; by hsweondy mgewes whi ch

cause predi spo |t|0n to C I a | se h ent

typically a p gaftg‘ﬁg?ﬁﬁ%gg%? ﬁﬁﬁé‘ﬁxl—‘ ‘?P%?ggﬁ a%%%&%?cﬁ% or 14tBch as 10
to 40, or 15 tgg&@s)am no aC|ds |n length. SEQID NG | is PQDELPY SEQ I D
NG 2 is QLQPFPQPELPYPQPCS. ID-NO. 3 is shown in Table 1 and is the
sequence &f awhol e TRegrdividpal ma‘nl?g susgeniibleia ceelia disenss, spchase 8§RetSEQ | D NO 1
(equi val ent to o )

{ransol Ut am nasoprons\ddelipetiol baniie 9 nd Bahan0hg AR vith costic
represent ed bydiSEe drpopiessinggenes wlnclamumrp@msmgmmog icriisesssduence t hat
conprises SEQ ID NO | which is an isolated oligopeptide derived froma’
gliadin protein; or an equival ent of these sequences froma naturally
occurring gli atlhguggiitot ei n whi ch is a honol ogue of SEQ I D NO 3. Thus the

epi tope 20 may be g_derivative of the telnrerese SE | D NO 3.
Such a défivative i eaﬁ%l‘sctﬁPlFi}g’aaHePﬁ%Fxﬁplf gP a%‘l“ ﬂilt at ed
derivative of gdagay\tmdoe;op&qts%go%mofaaﬂgﬁﬁgﬁgthTherefore t he ep| tope of the
i nventi on does not include this natur aI I occurring whole | adin protein,

and does not i ncl udEQINYP: W@@%Yu P e FP@PE&B QPQ85 The
compr | ses 1 he SeqTEnRyS kgl gy ald ‘é‘@b SPEaBL TSRl ARRRL T U o
partially) w glhtamamrvsmsm:mm of@@éz m N@ 1 (eintivelent tcoposidiop © o SEQ IPIN@ )i es
subst i tutlgd tois%leﬁjetrﬁgfb él udl{g&men%oﬂ{g?m&nut lon within SEQ ID NO 1).
The agent may be the peptide represented by SEQ ID NO:1 or 2 or an epitope
comprising sequence that comprises SEQ ID NO:1 which is an isolated oligopeptide
derived from a gliadin protein; or an equivalent of these sequences from a naturally
occurring gliadin pr_otefn whichisa ﬁomologue of SEQ ID NO:3. Thus the epitope
20 °© may bea derivative of the protein represented by SEQ ID NO:3. Such a derivative is
typically a fragment of the gliadin, or a mutated derivative of the whole protein or
fragment. Therefore the epitope of the invention does not include this naturally
oc.c\nring whole gliadin protein, and does not include other whole naturaﬂy occurring
gliadins.
25 _ The epitope may thus be a fragment of A-gliadin (e.g. SEQ ID NO:3), which
comprises the sequence of SEQ ID NO:1, obtainable by treating (fully or partially)
with transglutaminase, i.e. with 1, 2, 3 or more glutamines substituted to glutamates
(including the substitution within SEQ ID NO:1).
Such fragments may be or may' include the sequences represented by
30 positions 55 to 70, 58 to 73, 61 to 77 of SEQ ID NO:3 shown in Table 1. Typically
such fragments will be recognised by T cells to at |east the same extent that the



Such fragnents may be or may include the sequences represented by 30
positions 55 to 70, 58 to 73, 61 to 77 of SEQ ID NO 3 shown in Table 1.

Typi cal | y wewgis7dsr agnents will be recognised by T cells é'@GﬁﬁomIa%‘St t he
sanme extent that the WD 01125793 PCT/ GBBOO 03760 -7 pep{’l 8s represented by
SEQID NO | or 2 are recognised in any_of the assays described herein

usi ng sanples. fromcoeliac disease patients. In the case where the epitope

cConpri ses apsRfidehRpRs&div B?‘ﬂ)ﬁ@:f&% E=I0T i di ng
fragments) from a%gt her _gp‘iﬁa In protein (e. % sgﬁifagl?%?ﬂl(ee%%%di n 5
prot ei ns nedescobeshersin vsing samples frogy dogliticrdsseessipetientause coel i ac di sease),

such equi val ent ol | respo to a fra nt. .of, a, gliadin
protein typical I?frﬁg%?%gﬁgﬁ%@ﬁae?ﬁ?ﬂgﬁgép :fpég’fa Sﬁuﬂce\/ﬁqﬁﬁgﬁt%&,’&%&’ m nase. Such
equi val ent ppiripesiischating fexgmenis) omiandtheripfiadih p@tbin@. g hey sreki@ngms of ot her
gliadin proteins with SEQ ID NO 3 . (for,  exanple using any of the prograns
ment i og.’ed hEAOHTL) DEBHOBFASHTER A ADR whigf, @gyﬁfQP’&cé’qu?%\?‘a‘fhl able (e,g.

Si gma T- 539&juivaléh bduéncey Willl ddfespBd s Bapneht otd! dliddih ' nt sequences.
The "agent V\h&liué% S ?: a?na_l ogue ipg capabl’e of being ??é%g#@éfby a TCR

whi ch’ r ecoghipateds(pestipllper fully)withtransgletaminagse fuekequivalontpeptities cambé ogue | s

added to T s48lliSed . L) ar (1) . i S0 in the
presence ofdan ellj?ﬁdi e%%%?ggﬁﬁﬁeﬁéf@é Igﬂ%%@nssucﬁl%%wo t he APCs
ment i oned héfersxanplenisimg amadfcheprogiamh mentioned hereing cChrgmighutamnase i i ) or (ii),

I .e. the anal ogue. i.s I 0 @O ) t 1) or., (ii) jn such a system
The ar‘}gl og u%’?é?fgfgy Sﬁga@ﬁhﬁﬁgf@aggg?i%gp‘elfﬁqﬁe %Pﬂﬁﬁdﬁ%‘ﬂ?ﬁ@iwfm l8h '
recogni ses équivabent §dghgncesSuch bi ndi ng can be tested by standard techni ques.
Such TCRs 20 c be isglated fromT, cel i.ch have been_shown to

recogni se (i) ora,{:lﬁ‘?ﬁe‘(té"%g‘;%‘%q wgl%ﬁ%lsma}afwwg?mwmwéhy rIRR
De”DnStrat'QHicB?ecbﬁiﬁsh'ﬁW%gg PherdfHh@ gBRERAIRGMERn R dnhiBguelichfie@ a'Tt hen shown by

determ ning whether the TCRs inhibit the binding of the analogue to a
subst ance t%els inbthp gresenseof(pr Ghutypicellyyalsadin thenresangyof awantigen anal ogue.

Typicalgl y t eﬂﬂﬁ’% ' Glpes %H!g g. HLA DQR).
i%psuéﬁ’ y251t1‘§sn I N %@F%ﬁ@g&%gﬁ%%‘geassa&%f%%b the ana ogue inhibits
t he bi ndi nginbibité the repogiitien oft(®) ca (iCR. the apdloguednabie totchmpetewithi@)of (i) or (ii)

whi ch can bj..ad thﬁ TCR. in the presence of the analogue is
dnS'msuc a system. ]

~ The analogue may be one which is capable of binding the TCR which

recognises (i) or (ii). Such binding can be tested by standard techniques. Such TCRs
20 can be isolated from T cells which have been shown to recognise (i) or (ii) (e.g. using

the method of the invention). Demonstration of the binding of the analogue to the

TCRs can then shown by determining whether the TCRs inhibit the binding of the

analogue to a substénce that binds the analogue, e.g. an antibo&y to the analogue.

Typically the analogue is bound to a class I MHC molecule (e.g. HLA-DQ2) in such
25 an inhibition of binding assay. .

Typically the analogue inhibits the binding of (i) or (ii) to a TCR. In this case
the amount of (i) or (ii) which can bind the TCR in the presence of the analogue is
decreased. This is because the analogue is able to bind the TCR and therefore
competes with (i) or (ii) for binding to the TCR.

30 T cells for use in the above binding experiments can be isolated from patients

with coeliac disease, for example with the aid of the method of the invention.




decreased. This is because the anal ogue is abl e to bind the TCR and
therefore conpetes with (i) or (ii) for binding to the TCR3 0 T cells for

use in the @BQDYEW? 4 ndi ng experinents can be isol ated fronpg@aés@msmoe W th
coel i ac di sease or exanple with the aid of the method of the invention.

WO 01/ 25793 PCT/ GB0O/ 03760 -8 O her bi ngi ng characteristics of the
anal ogue may al so be the sane as (i) or' i), and thus typically the

anal ogue Bl D034 & piitfing BN dogR LB W8 ket s (15 iPeR) | d¢

bi nds (HLA herhinding chameigusic F’Il fae anti podi e Séedl ic for

(5i 2I'he0r (: i), tﬂtikctyﬁtlbalgr the{EkfﬂalUgﬁ&blh?{_lﬂltlm.}la.tmfe I\d]li()lﬁhﬁs](('ﬁiolechhtswhithﬁhﬁi bOdi es.
anal ogue i s i ca id may, have ho

(ii), typi galﬂeyn%byq?@ﬁf\%@g)hé@ﬁ ﬂ%?ai‘ﬁ’glﬂdf/ “Bgﬁ%%’sp%hc 5%4& 95%

97% or 99% Qﬁ“@u)oﬁi/dtﬂMthJ(witQbxﬁ&mﬁbfﬁ)orf(ﬁftb%%hﬁod%éer a region of at
| east 15 nore (Such as th entire | ength of the anal ogue and/or (i) or

(ii), or Bcross thél‘hpegqlmemnalb'memd% 1t may haveiRomplopy mith (1) ke (iHC

nol ecul e) cont o S ° n honol o
are wel | knownd'llg zﬁ%aé%ag%t?eé’nﬁhgid%%ﬂ%gﬁuﬁiders b%Hc{ %/‘i’%%%e&g A’sk [ i%y
the art that |hmntoﬂ1gypm&s(enir(xc)pfmtammpldnmmhmgwmafatlaa\stm5mba(sxmhwlﬂm basi s of
exanpl et he \BRES pSach SRS el pten D SEER e Rropt BE MR Ar oot B s
to calcul ate fmmbmxds(tﬁemwaanhﬂ Jtﬁﬁﬁlgtﬁﬁs irh 9o d6ifla MVbth6dt Sfinfe@Syring 5

(Devereux et al (1984) Nucleic Aci Resear ch 12 p387- 39 The Pl LEUP and
BLAST al §0ri t Hreteindoniglogy segvalldrown intheag apd favild by urdersigo g?!

(typicall y o] A r
N Tochul 5 PR PGenATh H ke s b o if Nts‘?‘%%@%?f*&’f‘éﬁ“”“m (1990) J

Mol Bi ol 215 @ﬁlﬁ@ﬁtﬁ;me§rﬁb¥rﬁb@mS6hthngﬂﬂ$T anal yses is publ icly
avai |l abl e through t Q ttﬁF@é‘lﬁ Jlispﬂl t| on
(httn://ww. nchi . nI]Jr?r)?ﬁ’lmﬁ3 glge’(;@ %&ag B{(’?{dﬁﬁh?irﬁg vesﬁgéé?}g t| fying
hi gh scoring aﬁqbeﬂseﬂt@aald:ula(tbﬁﬁsélogw(fone&mplehgﬁdmg its hefatilt pestings) of I ength W

L eahol §5seor ONSRRGH aLIP YRV Arids st f PR Ao MG e 0 o

dat abase sequegCAST d] bﬁthﬁﬁ%ﬂ:rweaﬂedma&uta{ﬁow RPHhid AR m (E/pival
threshold 25 (Altscﬁ et al, supra). These |%Pt|al nei ghbour hoaod ?’Nord

hits act as seasdheif é?faultrﬁettmaq)a fog5 earedlesaribed infltspindS. BAAPB) AMR) t hem The
word hits are gy §89661360) ARSI, S, B ef al (1990) T Mol Biol 215:403-10. -

. Software for performing BLAST analyses is publicly available through the
20 National Center for Biotechnolo gy Information (http://www.ncbi.nim.nih.gov/).
This algorithm involves first identifying high scoring sequence pair (HSPs) by

(D

identifying short words of length W in the query sequence that either match or satisfy
some positive-valued threshold score T when aligned with a word of the same length
in a database sequence. T is referred to as the neighbourhood word score threshold
25 (Altschul ez al, supra). These initial neighbourhood word hits act as seeds for
initiating searches to find HSPs containing them. The word hits are extended in both
directions along each sequence for as far as the cumulative alignment score can be
increased. Extensions for the word hits in each direction are halted when: the
cumulative alignment score falls off by the quantity X from its maximum achieved
30 valﬁe; the cumulative score goes to zero or below, due to the accumulation of one or

more negative-scoring residue alignments; or the end of either sequence is reached.



di rections al ong each sequence for as far as the cunul ative alignnent score
can be increased. Extensions for the word hits in each direction are

hal ted wheup oil28®s cunul ative alignment score falls of f gy ddeofgantity X
fromits maxi mum achi eved 30 val ue; the cunul ative score goes to zero orb
el ow, due to the accunul ation of one or nore negative-scoring residue
alignments; or the end of either sequefrce is reached. WO 01/ 25793

PCT/ GB0O/ 03730' -9 The BLAST al gorjthm paraneters W T and X determ ne the
sensi tivity [anBLAgdatgogthm paametess P 1eand X determpneshersensitivitand §8eed ohs def aul ts
a word | engil filimath e BELAST pRieRRHIRas Bt S wORE e 6t ek kof f and
Heni kof f (1992) "Proc. Nail' Acad Sci. USA 89:10915-10919) alignnents (B) of
50, expect aBLOSUMEG2 sgprimgdmathix {see Renikoff gaddienikoff (1893)dlros datlodcadot h strands.
The BLAST al ' . ISR i SigL)arity

bet ween tm.S%gggégg? egj;ﬂgﬁgs'gé@.) %‘.‘ é’%{rsl%lbL&Zslgd Stiogﬁpf%fllg)g%—?:ﬂﬁ%_ Nat | .
Acad S5 . hifte Qpafigbddfbofhstraddse neasure of sinmitarity provided by the

BLAST al gorithm_i smal. | est sum probabjlity. (P(N)),.. which provides an
i ndi cation of th@é#%&ﬂ&%“@ﬁ?ﬂﬂprﬁt%“# ?ﬂ%ﬁgﬁgﬁﬂé’é‘% nucl eoti de or
am no aci d sanes o Sediented, se@ 8.8y Kallih a6 ARSRuL (1993)PradIPafl, dddSsfjuence s

considered simlar to another sequence .if the smallest-sumprobability in

conpari son A NeS§T3riy87sPae pesure el similantyuovided hydhe BLAST plgoribas t han about
1, preferab . : r : han about 0. 01,
and nost p'r%&%%ﬁﬁl;&%g@%?#qg@@?’%%ﬁﬁé§?‘?’%}aa%%grr% _ot_g%us peptide

anal odufes t probatality py ovhidhermételpbatween two ngdléofidégr aming aci®sequencesswodd 7, 8 or
nore nmutatigns i.ch u ' E ONS.: ' ' j_ons) .

These nut at PEH° %V\@La%cee. rripégesxt%rg‘é’ge’ gg%qgéli;& ésnééﬁ%?eq%%g&rlgrglg 8‘%5& érrrg%%%%éﬁed above in
rel ation t oifakd sesllet suig probakilitygy conipueisendfshe first sequencetoehgresdndr abl y
“conservative' . These are defined cording ta the follow Tabl e. Am no
acids in t htPaueRFREs Fsagl;gn?goqtﬁ, Pfﬁ%‘@@&ﬁa“e&??mﬁ-laﬁ‘a@pﬁ@@%ﬁ%ﬁ in the sane
line in themkhibddt 6.01,468 m¥BYproferably Us tish Whdel0.001. each ot her: ALIPHATIC

Non-polar GAP 1LV Polar - uncharged CST M N. Q . .
15 The homologous peptide analogues typically differ from (j) or (ii) by 1, 2, 3,

4,5, 6,7, 8 or more mutations (which may be substitutions, deletions or insertions).
These mutation may be measured across any of the regions mentioned above in
. relation to calculating homology. The substitutions are preferably ‘conservative’.

These are defined according to the following Table. Amino acids in the same block

20 in the second column and preferably in the same line in the third column may be
substituted for each other:
ALIPHATIC Non-polar GAY?
ILV
| Polar - uncharged CSTM
' N@Q - - ]I
Polar - charged DE
' KR
AROMATIC | __ HEWY
25

Typically the amino acids in the analogue at the equivalent positions to amino




Polar - charged D E KR AROVATIC HF WY 25 Typically the amno acids in

t he anal'ogue at the equival ent positions to am no WO 01/ 25793

PCT/ GB00/ 03 2 acids in (i) or (ii) which contribute ' g the
VHC nol ecul g&g?mg’r%g responsi ble for the recognition by tﬁéﬂ‘l;wgg@e t he
sanme or are conserved. Typically the analogue peptide conprises one or

nor e- nodi fi cations, which may be naturz®post translation nodifications or
artificial nodif,c

Yt ool Ty by e ERABIHRR e b e e R RO oS e AR o e 2

am no, acetyl foMé'fe@thxﬁUnH’&&h@‘B@R, 4re the sarhé biodré Bhberv@l, OUP or car bohydrate
group. Typically the nodification is present -on the N or termnus. The

anal ogue nay conpr T3Bicylydhernalpgue peptide FOMRRTISSS OuEAr ﬁ!?f%t’élp‘é@caq"% whigh exanpl e
am no ‘aci ds W'ntuﬁ» 12 n3huflf PG%QQ:‘aHlelaU:EJd%ZHa&&{ %mﬁ&mw AbaAgiddas. aflels -

General ly, the non-natu am no acl ave an Ntermnus and/or a C
term nus.5 Thenamﬁpaﬁenmaﬁpromm@hmdmmgty Bwpigally by substwﬂbn oﬁarhydrogam d. The

cont  gur at§ on S PLHCE ol dpBFes oo, e D r Rliggen T b,
typically a deféupdiricarbolidrate groGp. )Tﬁﬁca(lytb)emddlifidaﬁﬁl B pbseiitith e N beCanal ogue

Is a fusion protein conprising the sequence of SEQID NGO |* or 2, or any
of the other pPEP™es nentioned herein; and non-gliadin sequence. In one

enbodi ment the anahﬁghmdg%eﬁfay%ﬁbﬁs%oﬁe&ﬂareﬁabﬁana@&wmmchﬁs%10 class ||
mol ecule. 2, 3, 4 or nore of such conpl exes may be associ at éd or bound to

each 2018t herexample aminernsids withiasifeshain differnt from patval aminowsided system in

\é\?lrggt ;a)ldlcﬁl lrrdoeu“éﬂ; I?oé &a%n I(%g‘udé ?Jypl cab%_gﬁl n%{ﬁ%m gﬁ?/ﬁ pgténg‘l ng of the

(1) or (ii)/ NlilmeﬁbmsstuﬁlmmplaanmagbaafrmomD-anmobudy which is specific for
the conplex. The a Io al an_.an fragnent of an
anti body, such as ?%Yﬁsggf%ﬁkﬁﬁ#? ﬂf Qi%ﬁv ref’rlF&FBlBﬁe may be
i mobi | i sed oroffigiedtiof vihighio hibstantially similar to (1) or (ii). Itis typically a derivative of

15 () or (ii). In one embodiment the analogue is a fusion protein comprising the

sequence of SEQ ID NO:1 or 2, or any of the other peptides mentioned herein; and
non-gliadin sequence. '
'~ In one embodiment the analogué is or mimiés (i) or (ii) bound to a MHC class
II molecule. 2,3, 4 or more of such complexes may be associated or bound to each
20 other, for example using a biotin/streptavidin based system, in which typically 2, 3 or
4 biotin labelled MHC molecules bind to a streptavidin moiety. This analogue
typically inhibits the binding of the (i) or (ii)/MHC Class II complex to a TCR or
antibody which is specific for tﬁe complex.
~ The analogue is typically an antibody or a fragment of an antibody, such as'a
25 Fab or (Fab), fragment. The ahalogue may be immobilised on a solid support,
particularly an analogue which mimics peptide bound to a MHC molecule.
The analogue is typically designed by computational means and then
synthesised using methods known in the art. Alternatively the analogue can be
selected from a library of céﬁpounds. The library may be a combinatorial library or a
30 display library, such as a phage display library. The library of compounds may be
expressed in the display library in the form of being bound to a MHC class II



particularly an anal ogue which m m cs peptide bound to a MHC nol ecul e. The
anal ogue is typically designed by conputational nmeans and then synthesised
usi ng nmet klm/Asmewn in the art. Alternatively the anal ogyss F sel ected
froma library of conpounds. The library may be a conblnatorla? | brary or
a 30 display library, such as a phage qhsplay library. The library of
conpounds nmay be expressed in the display library in the form of being
bound to a_ MeGidehi@shol ds MO B SARREI UL such as
HLA DQ2. Anal ogues are gener Iy selgggqer Q{aﬁn?gﬁ(ﬁi&tﬁdf%or a{rﬁyg/lhg%g’!sed on their
ability to nbasedon theirishi Ultngumi%thabmémgsharmn(suc)s (x)nr(u)J Thusﬁhegemhjﬂey may be
sel ected bas mhlch nises (i) or
g : F{jse?&teﬁl%iehtox aBlPTyl 0 md a os aggﬁodtg >7;/

(ii). Typically anal ogues W e.rec ast the

sanme extent 5 asTmranp&naﬂdgaesagﬂrﬂesec(ogms@rby(Tte)lstd‘ﬂﬂea&)t&é&hﬂeﬁten{ east to

t he sangextent as .t he euigiﬂlé |toean preferably to the same -

extent as th® PESFHgas Y e’ﬁ?%%ﬁ aptipo SQ‘“°F’§°‘F@'& ®8ni sed in any of

the assaysAdaf‘w 6aEbitRE RidprerbriBly EMhb YarkS bt s th€ fiptide fepRIEQR), ac di sease
na

patients ues_my be recognised to these extents Tn vivo and thus
may be abl e $%Q NS ltmmdm%ﬁeemmm@hmemﬂlnm&m 10

extent as a yghoﬁ%elﬁg%ﬁgﬁegﬁgéﬁ{so%ﬁglo C?E}bg?ecg%%%eﬁto th@éjeng1 Da't | ent or

ani mal node Anal ogues nm S ng
det er mi ni ng mmmdéhusanaydamulpdtamdumﬂbsﬁaQMasesymﬂomgm asmdsthheasa?ixecel I

recept th | |nvent ogni tion of
the su gt aniéé{t{nq%ﬁan&o?ﬁ:g%?%tsﬁﬂeﬁgné é“t’%{ﬁ% ?i‘gglf é Such TCRs
may be any ahoddi)e TCRs mnentioned herei n and nay be i's present on T cells.

Any suitable ass ntion r, e used-to identify the anal ogue.
I n one enbodi rren esr?é?tyﬁﬁd‘;] EF?{;‘P Q¢ fomphsing determigingiwhethesided above

preferred anah@ome subsfasc r‘@feeagasss& b @ Bl rdoBASH thdt Rog LR s the
peptide SEQ ID NO 2, ar?(iL he rgryet hod " may be usedéltﬁo ﬁ%ﬁg’%y?anal ogues

whi ch are 20b¢ @EB‘@?PS"E@%PJ@OF ﬁffée abstanee indipating thatthp sdtistrnertis eme et hod
conpri 65 dehgipid) Sith TERE RASY b&ary W2 M FEM mentioned herein, and may be

present on T cells. Any suitable assay mentioned herein can be used to identify the

" analogue. In one embodiment this method is carried out in vivo. As mentioned
above preferred analogues are recognised to at least the same extent as the peptide
SEQID N0:2, and so the method may be used to identify analogues which are
20 recognised to this extent. '

In one embodiment the method comprises determining whether a candidate
substance is able to inhibit the recognition of an epitope of the invention, inhibition
of recognition indicating that the substance is an analogue.

The agent may be a product comprising at least 2, 5, 10 or. 20 agents as

25 defined by (1), (ii) or (iii). Typically the composition comprises epitopes of the
invention (or equivalent analogues) from different gliadins, such as any of the species
or variety of or types of gliadin mentioned herein. Preferred compositions comprise
at least one epitope of the invention, or equivalent analogue, from all of the gliadins
present in any of the species or variety mentioned herein, or from 2, 3, 4 or more of

30 the species mentione& herein (such as from the panel of species consisting of wheat,

rye, barley, oats and triticale).




substance is able to inhibit the recognition of an epitope of the

I nvention, inhibition of recognition indicating that the substance is an
anal ogue. may be a product conprising at | east pgr/gdBoodfeor 20
agents as 25 de |ned by (i), (iit) or {(iii). Typically the conposition
conprises epitopes of the invention (gf,equivalent analogues) from
different gliadins, such as any of the Species or variety of or types of
gliadin nentioned herein. Preferred conpositions” COnprlse at | east one
epi'tope of the invention, or equival ent anal ogue, fromall of the gliadins
present in anRiaghosihe species or variety nentioned herein, or from2, 3, 4

or nore of 30 the ecies | of
speci es consi sti ngﬁg?lew‘?élgﬁ% ?ﬁ‘g%g%&eﬂlr@?&g{‘ s an {Jrn:ﬁlpﬁ%:taﬂybgﬁ&gﬁ
01/ 25793 PCT/ eBfhe/deddia of TZellDivhigh binid shefsgertition bi thedetectmvod ahﬂﬂmdrmttlhbd of

di agnosi s of the invention may be based on the detection of T cells which
bi nd t he 5agenfe°6$m§9ﬁh‘[?¥§mdet ection of antibodies that 5 recognise the

agent. The T cell STPM"TE@s%ﬁ‘&%ﬁo‘éﬁs&{h@a@&ﬁiﬁthbﬂzeﬂab@(ﬁﬁ&ﬁﬂﬂdluﬁ&hhh@ﬁbel ncl udes
the use nentioned above{)ﬁare generally T cells which have_ been

pre-sensi ti sethehtipngd phpvehare geneally T cels whichhavsrheen prgsensitisgd f vivo to
ant i gen- exper L
peri pheral gﬁ %ﬂalﬁs IP&E{ hgd %&Vﬁ%&ﬁ?ﬁ%&@% 'Egce?g‘nceggeﬁ%%%g%{&gg&ﬁ%eh he

agent in vi trpresentmthvpmpherabbiobddet erm ni ng whet her the T cells recogm se

t he agent can be p 0 n s.the inyv

provi degLO[ he agent&%?mg'ggd*hﬁ ehﬁ%o&%?ta%fl agn05| sél nf)fna% P ekt 1;(i)vln >t he human
body. Dif }‘ er emid ﬂﬂ@ﬁiﬂﬁng’:\w&tﬂ’rﬂw Tedls t@bgiiedit sgenrman be pexﬁﬂmd arz wfroor
sequential use in suc met hod e inyitrqo net jcally
carried out i f?¥Rickhys thedrysationprpy E?‘Rﬂ“u?%?ﬁtfl"ﬁ%ge%b E‘ Hg%élﬁ%%’gls The

sol ution will Pa'cﬁ&d%ﬂ@ﬁértuﬁﬁnw@y -'i)&ﬁ}ehﬁag@ﬁt@drelp?oﬁ&atf@dd&numb&ﬁl ments the
APCs di scussed bel ow). The term contacting' as used herein i ncl udes

addi ng the paﬁ@patﬁmqme@lﬁb@lamesv@%mﬁh%l ution. Determnation of whether
the T c S recognig Hthed Change
in the ?t‘:l’ate of the é‘?’ R'nﬁﬁgﬁgﬁ&shx}lprggéﬁgéé‘%@%e&é%ﬁ%ﬂ%&mc the

agent is added. The solution will also comprise the T cells (and in certain

embodiments the APCs discussed below). The term ‘contacting’ as used herein
includes adding the particular substance to the solution.
Determination of whether the T cells recognise the ageﬁt is generally done by
20 detecting a change in the state of the T cells in the presence of the agent or
determining whether the T cells bind the agent. The change in state is generally
caused by antigen specific functional activity of the T cell aﬂér the TCR binds the
agent. The change of state may be measured inside (e.g. change in intracellular
expression of proteins) or outside (e.g. detection of secreted substances) the T cells.
25 The change in state of the T cell may be the start of or increase in secretion of
a substance from the T cell, such as a cytokine, especially IFN-y, IL-2 or TNF-a.
Determination of IFN-y secretion is particularly preferred. The substance can
typically be detected by allowing it to bind to a specific binding agent and then
measuring the presence of the specific binding agent/substance complex. The
30 specific binding agent is typically an antibody, such as polyclonal or monoclonal

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



determ ning whether the T cells bind the agent. The change in state is
generally caused by antigen specific functional activity of the T cel
after thewh@r2bBbsds the agent. The change of state napchepwmaesar ed inside
(e.g. change in intracellular expressi'on of proteins) or outside (e.g.
detection of secreted substances) the T cells. 25 The change in state of
the T cell nmay be the start of or increase in secretion of a substance
fromthe T cell, such as a cytokine, especially IFN--y, 1L-2 or TNF-a.

Det er m nat i omsing stahddrditeclidquest i on is particularly preferred. The substance

can typically be,detected by _allgqwi ng it .to bjnd to a specific binding
agent and then ﬁ&%‘ﬁﬁ@ﬁﬁemﬁéﬁﬁ@g@ﬁcg%fs ?H@B%?é’c‘m%? : WRPPﬁgAf‘er
agent / subst anigesubifte Xallowd® toXfindhe Solid seppdirt tdh BetichaRYbe Washbyl cal |y an
anti body, such as pol yclonal or nonocl onal antibodies. Antibodies to

cyt oki nes ar Eemegyeseateriahwhish isnot ppesifisallyoupdite theagenld Theygentisubsags
PCT/ GB0O0O¢ 037 -, ' ( | ' hy. i fi
oSt o il V1,20

bi ndi ng agen ) _ supp Substance is
al | owed t o bicomiplekeTymtally thea sepomdiagen hindpthe sutatahge db @ sivmwhiehl istdiffererenove -

material whigh is not s L ficakly bou to the ent e agent/ substance
5 conpl ex na?/mg‘etﬁ?i% ee“élflébeﬁﬁéf tﬁgkﬁé@gggtsgg%ﬁao%aﬁgﬁﬁs rgfggﬁpy “M‘g@f’ 111 bind
t he conpl exandspibeltd directheorsiadicsatly by e détedibilabdlhe substance' at a site

which is differen fromthe site which binds the firsf -agent. The second
agent is preferabffs °%?ﬁ?qd§68§7ma§rl?&dﬁ§“?‘ld‘%"rﬁh§gaﬂ?nf g’(‘PF"BP‘%‘Wdi rectly by

a det eci@bl e ol dirediiH st hiRcALEPNEABBRIVERYES ARhSE iR Geddtd Bednbi 1 agent
which is typically 10 |abelled directly or indirectly by a detectable

| abel . For esw@HsPeritee bitingneicagdlewingreiecioniyrg thisd agent which coreprisesa  al | owi ng

detection by g [+ g&g}g&' hﬁﬁfs # Ldi g .moi ety and
typically al ﬁgﬁp}t%g&gﬂ%g%ﬂaf\ggﬁé ag a ee!tpzlgfpa e g?g%%lghgﬁlé enbodi nent the
det ecti on syst em Inhvine lembedimsutdhe detdction systemi which iEusedRCheassidy descri bed in
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bound 1Ny i sell dboumdiyerfiretdFNg) specific anibodyowihiliNg Ymmjobitiséd on asolid body whi ch
is labelled with a_detec l.Le.label. Sych a | abe ant j_bod an be
Dbt o med 1 r DHPRASTRC R ATRNy iRt detgriad Gripd 2 sRARY Ay BRI ABRodR ol o i ch

can be used waic8 ifa581¢8 il aliiletivble label. Such a labelled antibody can be obtained
from MABTECH (Stockholm, Sweden). Other detectable labels which can be used
are discussed below.
20 The change in state of the T cell which can be measured may be the increase
in the uptake of suBstances by the T cell, such as the uptake of thymidine. The
change in state may be an increase in the size of the T cells, or proliferation of the T
cells, or a change in cell surface markers on the T cell.

In one embodiment the change of state is detected by measuring the change in

25 the intraceflular expression of proteins, for example the increase in intracellular
expression of any of the cytokines mentioned above, Such intracellular changes may
be detected by contacting the inside of the T cell with a moiety that binds the
expressed proteins in a specific manner and which allows sorting of the T cells by
flow cytometry. |

30 In one embodiment when binding the TCR the agent is bound to an MHC
class I molecule (typically HLA-DQ2), which is fypically present on the surface of




20 The change in state of the T cell \/\hi ch can be neasured may be the
increase in the upt ake of substances by the T cell, such as the uptake of
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cells, or tion of the T cells, -or a change in cell surface
markers on the T cell. In one enbodi nent the change of state is detected by
nmeasuring the change in 25 the intracellyl ar expression of proteins, for

exanpl e the increase in i nttacel lul ar expressionief any of the cyt oki nes

ment i oned abov@ngni%g% pfe@énruﬁ ﬁél (AT, BORRIES HBionLfhere §RbEZeRY c£ONt acti ng

the inside of th cel l a noiety that binds the expressed proteins

in a specific hm#rve?c%weihvmﬂmeacl to@lwbsnﬁmwcdﬂokw T cells by flow

cytonmetry. 30 In on {- !gﬁ bound to
an VHC class Il no elg%%igq% yg%lclza &%ER%MH\?% d@?% né‘?qlél pr esent
on t he surfacexmﬁvxlﬂﬁlﬁﬂdlﬂﬁﬂ&%m?@ﬂwaﬂétﬁﬁpesoﬁhnﬁpﬁemﬁwmnmﬁfesam| ng

cell (APC). However nt|o h ents can _bind a TCR
wi t hout t H2 neS%F‘?%usﬁ 'S &9@39%1 A4V AT MY PR @ropessed | s whi ch

are contacted ifgst! i lmhﬁ%@é@sﬁ@&eflc&nﬁmHhmglomdde\éhggﬁlfof&aa: ood
Cc

sanpl e, although ot her ty es_of, sanpl es which contain ells can be

used. The sanpPathyaEr9e el dyRiFHly ¢ Spmpls i ddutedBom LoytodfY fabd for ocessed

first. Typical Ieymrl‘ngzzg{gp&gstbqgfmy conprise diluting of the sanple, for
exanple wth water or buffer. Typically the sanple is diluted from1.5 to

100 fold, for exanjphepRcessingPay coniprise sepdration of cofponentafdbsiamplenay conpri se
separati of n t Q._T n r cells
(MCs) ar eq'srbepar g?ggaﬂ'r o‘?ﬁm ﬁéeleaggqlsm %%wﬂﬁex%oﬂ%egagﬁ?s M@ cells and
APCs. Thus in bmpmumncalsanmms mﬁsﬁsrthemethbhlmeﬁﬂm&@m&ﬁdnms can present
the peptide to the T cells. In ot her, onl eIIs such as
only CD4 T cel P?W‘Qﬂﬁgﬁ"%ﬁ’*ﬁ“ Bﬂ‘?"f’gge'g&%ﬁé‘ ooy ¥ cel | s
can be separ at edlsfﬁﬁﬁhﬁ&ﬂy@ﬂlﬂ*&lly%hﬂgeﬁxﬁmafﬁﬁﬁtﬁem@PBMGJ‘M@rénd'ISUCh as
15 those described in Lalvani et al (1997) J.F.xp. Med 186, p859-865. In

one enbodi ment celifcarbe eappmated Siom thesample wsingepchaigres kpopmdn theiarh ofhas
unpr oces or sT cells (such as in
the for msﬁ f @gt%%s%qg?gd%&léﬁ%{@m\% [0 gr eeélijssed directly ex

vivo, i.e. they ar elnmge embodiment the T cells used in the assay are in the form of

unprocessed or diluted samples, or are freshly isolated T cells (such as in the form of
freshly isolated MCs or PBMCs) which are used directly ex vivo, i.e. they are not
cultured before being used in the method. Thus the T cells have not been r&eﬁmulated
20 in an antigen specific manner in vitro. However the T cells can be cultured before
use, for example in the presence of one or more of the agents, and generally also
exogenous growth promoting cytokines. During culturing the agent(s) are typically
present on the surface of APCs, such as the APC used in the method. Pre-culturing
of the T cells may lead to an increase in the sensitivity of the method. Thus the T
25 cells can be converted into cell lines, such as short term cell lines (for example as
described in Ota et af (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



cultured before being used in the nmethod. Thus the T cells have not been
restinmulated 20 in an antigen specific nmanner in vitro. However the T cells
can be cyldpiRshsbefore use, for exanple in the presenger@boosioor nmore of
t he agent's, and generally also exogenous growth. pronoting cytokines.
During culturing the agent(s) are typically present on the surface of
APCs, such as the APC used in the metR8d. Pre-culturing of the T cells may

| ead t i I in.th itivity of. the method. Thus the T 25 cell
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occurring A I eledibddBibs The APC is a cell which is capabl e of
presenting gg{?%lgé;%gﬁo%eh@&{%ﬁgsﬁ%& |. It is typically a B cell, dendritic

cel | or5 macr ophalpghe inethod onetoy piopa{differentyrmesis sxly be wsed  Typicaliyrthedanpl e as t he
T cell and ig, typi | y..co-pyrified VWO 01/25793 P 00103760, .-15 with
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typically aishifitesded Yo test@r Secllceflk cati beivi@dd and pladeditilolsbifaPsle S84ys eadd MY be in

the formof a  cell line, such' as a short termor immortalised cell I|ine.
The APC may°fc¥ijrhcontaig,preor mopgofitheagents) npl ecules on its. surface. 5 In the

net hod one or rmﬁfeaﬁsun{a&mﬁm%bviaaqma}eﬁ@xuéneas%@&méx_em@'mhé he T cells

derived fromthe sanpl e can be placed into an assay with all the agents

whi ch L0t i agenismestieepdthgreind(e . e combinationspf agenta whish agippésentdn thed pl aced into
separate as - Whi ks . The
mventi on- st yosret Repnb Eple P i MRl ecBiE o tertdBuRERE - [0° 1
agent s mentfooiedvdneeri n (e.g. the conbinations of -agents which are present

B T o T A
added di r ecédily abdDAROs. A8SdYcuSsRIROvE kHROT dells 66d ABCoRGuAiaassapeoiiseussed above
agent & i ot Waimp et Moo SR Ao DearrBpeaa e | p OB Ry
present at i ofeeld YorPrésentatidh by YT stahied Bes ARCS aftGlot fefltdd! Adaloguid! Ogues  whi ch
mmc the original (i) or aﬁl_l) bound to a MHC nol ecul e are_an exanpl e of .
such which mimic the original (i) or (ii) bound to 2 MHC molecule are an example of such
an agent. _
In one embodiment the agent is provided to the APC in the absence of the T
20 cell. The APC is then provided to the T cell, typically after being allowed to present
the agent on its surface. The peptide may have been taken up inside the APC and
presented, or simply be taken up onto the surface without entering inside the APC.
The duration for which the agent is contacted with the T cells will vary
depending on the method used for determining recognition of the peptide. Typically
25 10° to 107, preferably 5x10° to 10° PBMCs are added to each assay. In the case where
agent is added directly to the assay its concentration is from 10! to 10°pg/ml,
preferably 0.5 to 50pg/ml or 1 to 10pg/mi. '
Typically the length of time for which the T cells are incubated with the agent
is from 4 to 24 hours, preferably 6 to 16 hours. When using ex vivo PBMCs it has
30 been found that 0.3x10° PBMCs can be incubated in 10ug/mi of peptide for 12 hours
at37°C.




an agent. In one enbodi nent the agent is provided to the APC in the absence
of the T 20 cell. The APCis then provided to the T cell, typically after
bei ng al | owegologapppsent the agent on its surface. The pepidds i, have
been taken up inside the APC and presented, or sinply be taﬁen up onto the
surface without entering inside the APC. The duration for which the agent
is contacted with the T cells will vary-idependi ng on the nmethod used for
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cells are antigen-experienced T cells can be determ ned. The determ nation
of the recogmWh@hlqﬁcameeca@manth%enmwéqel@ewﬁ @emmma@mc@éy in vivo.

Typically the ggsl e which
I ndi cat es recogni i%tghéao I?adag gﬁ?ﬁ%a@g rrea ﬁ“r@ﬂgp agent | SB?ypi cally
admi ni stered i mnmnnkawnhtueymtﬂde@ﬁﬂ:d@klmadnldwayﬂwetagem thessite yyithdbe dig of

adm nistered b ont th L ut

retained at th&P lg& t?%lvg&tgcag%?tég %é‘aéég(g}’%g&qkl %')élbnat I'vel y

the agentismay b;emjndﬁm bsﬁoaﬁ eldo by aditiaidtersd b@uﬂm mthws suyh hehadibsticofe.g. but can
h A T AR G TN
0693119 descnbes techniques which can typically be used to administer the agent.
Typically from 0.001 to 1000 ug, for ekample from 0.01 to 100 pgor 0.1 to 10 pg of
agent is administered.
20 In one embodiment a product can be administered which is capable of
providing the agent in vivo. Thus a polynucleotide capable of expressing the agent
can be administered, typically in any of the ways described above for the
administration of the agent. The polynucleotide typically has any of the
characteristics of the polynucleotide provided by the invention which is discussed
25 below. The agent is expressed from the polynucleotide in vivo, Typically from
0.001 to 1000 pg, for example from 0.01 to 100 pg or 0.1 to 10 pg of polynucleotide
is administered. _
Recognition of the agent Administered to the skin is typically indicated by the
occurrence of inflammation (e.g. induration, erythema or oedema) at the site of
30 administration. This is generally measured by visual examination of the site.

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



0693119 descri bes techni ques which can typically be used to adm ni ster the
agent. Typically fromO0.001 to 1000 g, for exanple fromO0.01 to 100 g or.
0.1 to 10wh@f2s793gent i s adm ni stered. 20 I n one enbodil;ga'm%m@m@r oduct can
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-17 agent | mentigmedbérbip. carri-ed out by contacting a sanple fromthe
I ndi vidual (such as any of the sanples nentioned here, optionally

processed in any manner nentioned herein) with the agent and determ ning
whet her an Fhdragyody in the sanple binds the agent, such a bindi.ng

i ndi cating that fhe.individual has, or is susceptjble to coeliac 5 disease.
Any suitable fpr%lde&f"ﬂfﬁ"ﬁﬂf’ ﬁ‘ef’;@w : “BEPEFEE‘E";I{%’EI 1 ALAEAYE such for mat
nment i ared h?b@ﬁd&mﬁbﬁfaa@VIhicﬂ'b&gdt%Pﬂédw Gich edofiselthis epifpe RERH Nant epitope
allows the therapeutic 10 products to be made which target the T cells

whi ch r ecogPflls Being paes ayhichparticipgtedn the imaune reppanprpgainsialipging Kliar t i ci pate in
the i nMmune gEHRO b} Eadl | e N t he
prevention f(;)r t‘?ieis;tfalngﬂ'?m&f% %‘%lé (?lgdé %??gges%%{}las%gﬁ%giﬁﬁséﬁ@ By

t ol eri sat i otoleriastionhan datibgdyen TTeel] e¢sponse sytherepitope t he epitope. Certain agents
of the invention.bind the ICR whi.ch,r hses. the epitaope of t he

I nvention (as rrErbaeSItﬁmrnea e%s?fntg&élﬁflmgfl b@?%ﬁ\%ﬁ%hﬁcgﬁ';ﬁ/%esﬁese@ﬁ%%e@? above) and
cause 150! er ihs aiviestiondhs théasuréd asthg adylvd thebindingemsalyh discisied aborehamyent s,

optionally tI:aGse tolerisation of the T cell that carries the TCR. Such agents, optionally in -

association with a carrier, can therefore be used to prevent or treat coeliac disease.
Generally tolerisation can be caused by the same peptides which can (after
being recognised by the TCR) cause anti gen specific functional activity of the T cell
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 in a
‘tolerising’ context.
Tolerisation leads to a decrease in the recognition of a T cell or antibody
epitope by the immune system. In the case of a T cell epitope this can be caused by
25 the deletion or anergising of T cells which recognise the epitope. Thus T cell activity
(for example as measured in suitable assays mentioned herein) in response to the
epitope is decreased. Tolerisation of an antibody response means that a decreased
amount of specific antibody to the epitope is produced when the epitope is
administered. _
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.
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(general ly i ncauﬁﬁgfneﬁmmcﬁoﬁpmb%n%ﬁémgﬂn%mal Sighal oS Rsgddof  causing
normal functjonal activation causjing an abnornal signal to be passed 15
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have decreased function activity (e.g. in response to recognition of an epitope, typically as

meastired by any suitable assay mentioned herein).
In one embodiment the antagonist competes with epitope to bind a
component of MHC procm.sing and presentation pathway, such as an MHC molecule
20 (typically HLA-DQ2). Thus the antagonist may bind HLA-DQ2 (and thus be a
' peintide presented by this MHC molecule), such as peptide TP (Table 10) or a
‘homologue thereof. _
Methods of causing antagonism are known in the art. In one embodiment the
antagonist is a homologue of the epitopes mentioned above and may have any of the
25 sequence, binding or other properties of the agent (particularly analogues). The
antagonists typically differ from any of the above epitopes (which are capable of
causing a normal antigen specific function in the T cell) by 1, 2, 3, 4 or more
mutations (each of which may be a substitution, insertion or deletion). Such
antagonists are termed “altered peptide ligands” or “APL” in the art. The mutations
30 are typically at the amino acid positions which contact the TCR.
The antagonist may differ from the epitope by a substitution within the



decreased function activity (e.g. in response to recognition of an epitope,
typically as neasured by any suitable assay nentioned herein). In one '
enbodi mnentwo fhsast agoni st conpetes with epitope to bi ndp@rehfaprent of MHC
processi ng and presentation pathway,” such as an MHC nol ecule 20 (typically
HLA- DQ2) . Thus the antagoni.st may bind HLA DQ2 (and thus be a peptide
presented by this MHC nol ecul e), such_lags_ pepti de TP (Table 10) or a

honol ogue t hereof. Methods of causing ‘@ntagonismare known in the art. In
one enbodi MaBdueh i | | . epi. tioned
above and matg(i haé\./bgw%?;kggﬁ?ﬂéht%%e&%%g%gﬁt%%\%%ggQ%@ﬁ?%ret%g?%gerties of
t he agent (pgagtiadindsuh aptagonists augsbywn ifilRabler?).aGlusipsefarably hecatagynisti f f er from

any of the & 1 e ca | e of i a2 hormal antigen
specific fu%%?%r?%ﬁéhﬁag&F(%g’lb?])gn%i%ﬁs,m&aa&gs9fsgr cbaﬁ%?‘é&gmﬁ ations (each of
whi ch rmay beulstisttibs isiG4W, i66W, 67Mse5Ton or del etion). Such antagonists are
termed Jaltered Qe%ti d% H’lgl%nds" or A‘G\PAIQ? ip the art. The nutations 30 are
typicalty at t he®d the Tgell immuas tesropse o fhechrtons;of therinyertiomicrnThe ant agoni st
may differ fidmidaR pBRclofRSndY tn SHOMtdgbhikd lefi q&iﬁﬁﬁ 25793

PCT/ GBOO' 03760 -19 ngg{?ence whi c% i?tdeggﬁ%{/!g%e%a?;o% e s'ééegﬁgg\&ce _

r epr esent ed ¥y antpgopisEaf dscelis of the gpanse which havediffer¢nt TERsafharefore sts ar e

shown in Ta : i . | as_a_substifution at
the equival gﬁ%"% °n§3%#?¥§%ﬁaﬂﬁ‘@%bﬂa%‘f§°ﬁ%?%?@rh§ °0mPREsS BEBEL4 Bt i on | s
64W 67W 69@N\nore diffefent Bntaonists, whirh BachentagonisadifferemIpeelise t o t he epitope of
the i rhvdantion i Nl i ndi vi dual..is ‘ﬁ?‘h (I#Jnal.' nore than ,ons; antﬁgoni st may
need tlo be adm nf St BYEHOT 30 payides 3 é‘g idsptifyingan aupagenigtiof a feell o s ponse
whi ch have @iHitlereesphistdiBs ageht)ebmbisife cdnbieting ¥ @@8idhts ksbsBBYe With @€ Ni St er ed

in a conpositjon which conprises at least 2, 4, 6 or nore different

ant agoni st s el drtectngvhsiherthe sphstangs qapses a decroase i theability of the Tiaellent i on al so
provides a #Ridegdo & adtdedigetific Apaite (Y. AGRE bR sufthp i i ch

recogni ses the ggent) (_:orrpﬂrei slmpcoﬁi%tgﬁ%&?sganﬁgg%ﬁﬁé% og%mnce with the
T cell andbdeipkéeidegcinect oy such deaedse insnidabiifumdicatingdbaitease in t he ,
abi | i t35 of gdggtaﬂ;eqse“m{#&iwdergo an antigen specific response (e.g. using
any suitabl e assay nentrroned herein), the detecting of any such decrease
in said ability Inodé embadimert kiwtantagenists (including combinations of antagonists to

a particular epitope) or tolerising (T cell and antibody tolerising) agents are present in
a composition comprising at least 2, 4, 6 or more antagonists or agents which
antagonise or tolerise to different epitopes of the invention, for example to the

20 combinations of epitopes discussed above in relation to the agents which are a

product comprising more than one substance.

Testing whether a composition is capable of causing coeliac disease
As mentioned above the invention provides a method of determining whether

25 a composition is capable of causing coeliac disease comprising detecting the
presence of a protein sequence which is capable of being modified by a
transglutaminase to as sequence comprising the agent or epitope of the invention
(such transglutaminase activity may be a human intestinal transglutaminase activity).
Typically this is performed by using a binding assay in which a moiety which binds

30 to the sequence in a specific manner is contacted with the composition and the

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




15 substance is an antagonist. In one enbodi nent the antagonists (including
conbi nati ons of antagonists to a particular. epitope) or tolerising (T cell
and anti bodyalhphsbd Si Ng) agents are present in a conposiggTarBesMses i si ng at
| east 2, 4, 8 or nore antagoni sts or agents which antagonise or tolerise
to different epitopes of the invention—shor exanple to the 20 conbi nati ons
of epitopes discussed above in relation to the agents which are a product
conpri si ng mopeiht hgkat OSiRh SERSER RGE be TREHuitalile witetahed (oftype opbstiice) i S

capabl e of causing coeliac disease A5 nentioned above a&’r% i nyeption
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moi ety whi ch kidie 3pareDoftdatibsdiesioapuble dftecagmiging theicombimatiens of spitopest act ed
with the conposition_and the formation of sequence/ noi et onplex is

det ected and GBSE‘QFS?%“bS%%’é‘FFléT‘?PtPﬁée”&@g@fﬁ“émﬂ%’@’%‘gwrﬂé‘é 58760 -20
of the agent. ;3iCfhaRone subitiic¥. My be any suitable substaf . (or type of
substance) nentioned herein, and is typically a specific antibody. Any

suitabl e format of Thexamfiopigion spisplly sompnises matgngl Sioptp planttha €XpresseRd. oned
herein)..ln o e okl I b ast 2, 5,
10 or b8 5 EafiT Rk TFabuiid br GARPSIkkMischie (8 BARNE Ly bt Hlacla

e invention
from di f f er entor glanta dientionefl hereind.x Swgbl materiahmaybe o plantnarthensh essa barprstede of

recogni si ng the conbi nat i.0 of . epj topes I I tionto
agents of the Wﬁ&&?‘?ﬁe@hﬁ@ﬁmﬂeggfam T c?cﬁlj?:cgk%gﬁ%r%?gf ﬁgﬂxﬁloairl{gn%tﬁg% one
subst ance. The(e_%cmf)eﬁdhtprm cf pipitidakd hersio)uch aes flomtos focll thitcomp@septhent t hat
expresses a. 10.g i

0 gliadin vvhich.flsca.a | e, of .causin ciﬁe(k.i ac di sease (for
exanpl e any ofglipdis. Ehe pragesung pifopd ma %ﬁf@%ﬂs}?@?’& MG St eri al may
be a plaph panbutissUsPedmhpt 4MAasidadn KREQAUSS. Hidlutin Thedjlumithes, Te9-eri al  may
be processed products of 'the plant material (e.g. any such product
menti oned her &B3{}998uch as a flour or food that conprises the gliadin. The
processing of food materi.al and testing in suitable binding assays is

Binding assays
The determination of binding between any two substances mentioned herein
20 may be done by measuring a characteristic of either or both substances that changes
upon binding, such as a spectroscopic change.

The binding assay format may be a ‘band shift” system. This involves
determining whether the presence of one substance (such as a candidate substance).
advances or retards the progress of the other substance during gel electrophoresis.

25 The format may be a competitive binding method which determines whether
the one substance is able to inhibit the binding of the other substance to an agent
which is known to bind the other substance, such as a specific antibody.

Mutant gliadin proteins
30 The invention provides a gliadin protein in which an epitope sequence of the

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



15 routine, for exanple as nentioned in Kricka LJ, J. Biolumn. Chem | umn.
13, 189- 93 (1998). Binding assays The determ nation of binding between any
two subst sreegsmenti oned herein 20 may be done by neasppdEghoRdsren
characteristic of either or both substances that changes upon binding,
such as a spectroscopic change. The bLaging assay format nmay be a' band
shift' system This involves determ ning whether the presence of one

subst ance (smhlquaﬁeaasd&aﬂhdﬁteﬂssuhsitam‘&haoiﬁﬁé@,%@ﬁ&e&gnﬁ&tl%[ g9 defie progress.
of the other substlgnce du,ri\rf;gﬁgel el ectrophoresis. 25 The fornmat. may be a

conpet i ti ve BIRYEPHIGALTETORRISESIRE PHORR:tIR thif praexiihe tera recogritionreéersstoithe ance i s
abl e to i nhibCR biddtelthd\ithek M kudnhews BT no?ﬁgﬁ(‘g@trbﬁﬁg{ngst%g?@%g@} whi ch i's

known to bind the other 'substance, such as a speci y. Mitant
gliadi n prots@esifc fetional sotivishefitenT pelbadcdrss a gl i adin protein in which an

epi t opegsequence - i : enc L ch can,. be dified by a

transg| Ot ani nase l\?%)th%)&rgg\f/‘fdae g@%ﬁ%‘%‘&f@i"%ﬁ%‘“ %%ngl a sequence
has been {ﬂﬁt&bﬁd 'Emv?ihbtypej[ Ef_thamb?tag@iadiﬁﬁﬁaﬁr_e,wh@dh dfﬁs‘f étiéﬁw%;&sage by, a Tt_cel I
response ecpgni s epi t ope _cont ex e termrecognition

refers to _t?#é’c ?é&gﬁ?ﬁ'ﬁf}?ﬂeg‘%&w gﬁ%ghﬁrﬁ)ﬁfiﬁ for ragprlertathersgmal (not

ant agoni st i Gentibidddhbve @EPRRLbA fo the/ialopBe)AerodCall dﬂﬁE\Q ml‘Nb!geoﬂ;qggg | occurs. 5

Met hods of identifying equivalent epitopes in other gliadins are di scussed

above. The WPt EGp006r 200 rontigrons waing|apideipFSEQIRNO:Ihi ch causes coel i ac
di seasgg Such amém%%éagva&ihum?x&caﬁia%aﬁxdi%gﬁﬁﬁﬁc ﬁe'kl%gaseéor exanpl e

to the degree nentioned above (in relation to e anal ogue) across all of
SEQ | D NO 3 spmpiagsof soeliaedisease. Typicallythe omut2ion deaeasésgheoabilitpofthe aci ds of SEQ

10003 10 Bk, SLiptogt o Bl SRS SRE RS hrBeE, o1 1t
decreases t hedaigtb HDA-DRQZ] ddecreeseid tabifiey tobe ipredemte by ah APE ér o/ REfeaREe. The
Ao opi gt BRdiake Bedeteaatt Badlon (R RR g feceased
be recogni seég T(dell€thadttpRiséitbe aGh - BiRahhthics ghiddirr pitee Wi lerdtby) 15 by T -
cells that recognise_the agent. The nutated gliadin or epitope wll
t heref ore Show no or reduced recognition in any of the assays mentioned herein in relation to
the diagnostic aspects of the invention. _
" The mutation may be one or more deletions, additions or substitutions of
length 1t0 3, 4to 6, 610 10, 11 to 15 or more in the epitope, for example across the
20 sequence SEQ ID NO:2 or its equivalent. Preferably the mutant gliadin has at least
one mutation in the sequence SEQ ID NO:1. A preferred mutation is at position 65
in A-gliadin (or in an equivalent position in other gliadins). Typically the naturally
occurring glutamine at this position is substituted to any of the amino acids shown in
Table 3, preferably to histidine, .tyrosine, tryptophan, lysine, proline, or arginine.
25 The invention thus also provides use of a mutation (such any of the mutations
in any of the sequences discussed herein) in an epitope of a gliadin protein, which
epitope is an epitopé of the invention, to decrease the ability of the gliadin protein to
cause coeliac disease.
In one embodiment the mutated sequence is able to act as an antagonist.
30 Thus the invention provides a protein that comprises a sequence which is able to bind

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




show no or reduced recognition in any of the assays nentioned herein in
relation to the diagnostic aspects of the invention. The mutation nmay be
one or noreyiph@lshans, additions or substitutions of | engbfchodi@dren 4 tO
6, 6 to 10, 11 to 15 or nore in the epi'tope, for exanple across the 20
sequence SEQ ID NO 2 or its equivalent. Preferably the nutant gliadin has
at |l east one nutation in the sequence TD NO 1. Apreferred nutation is

at position 65, .in A-gliadip;(or in an equival entnosition, i her
gliadins). Typriigh T%ﬂ“%ﬁglsrfb{éﬁé ko - ea ?fr?gll‘(f:] utP%r%mﬁgs Rehp ﬁi cghposi tionis
substituted tqeggprorof the amno acids shown in Table 3, preferably to

hi stidine, tyrosine, tryptophan, |lysine, proljne, or argjnine. 25 The
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protein, whic epi'tope is an epitope of the invention, to decrease the
ability of the0§| ored50amircrcits fong) andowhichecamensise the neytations discyssedgheveenbodi nent

the nutated se nce i s abl.e.to t 3 h S he invention
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o VO 03] 25758 BT 00, B0 52w ah seauenee. | oact Le 1o cause

an ) - | sequence is.agile to cause

ant agoni sm of 3sipn protgins, f?éﬁxac%ﬂl‘??’5€°¥nﬁ'cémﬁmrg@éq nox BP®*™ e i nvention

al so provi des prot efjaeqiibiied wild@yfe REBRNS theQhutitbeelaldvioteiatidfpically | adi n
proteins, which are at.|least 15 amino acids |ong 7le.g. at least 30, 60,

100, 15010 5 Jfom agrangisgreensimanosatyladon, s s & Aot afizspps BeHRsRe- et at i ons
di scussed abov, ' S8t ol 3 i @c ; ogni sed.
Any of the nut ﬁ’\tm} lgﬂggﬁﬁﬁﬁﬁﬁ;ﬁﬁcf%ﬁ Eﬂé’i"fé ?é’%lrln %)?a’%h%ﬁlodggag lﬁgﬁépﬁemy al so
be present in gliadinfmaybecn A-glieglion proteins, for exanple with other gliadins
-or wwth non-gliadin proteins. The equivalent wild type protein to the
nmutated gliadin protein is typically 10 from a gram naceous nonocotyl edon,
such as a pl angit9f genus Triticum e.g. wheat, rye, barley, oats or

L RS AN TR At Y
carrying out thendRhiosk mAGPlidnaity 8 mRRS to detect the recognition of the agent by the T
‘ cell. Typically the different agents are provided for simultaneous, separate or
sequential use. Typically the means to detect recognition allows or aids detection
based on the techniques discussed above. .
20 . Thus the means may allow detection of a substance secreted by the T cells
. after recognition. The kit may thus additionally include a specific binding moiety for
the substance, such as an antibody. The moiety is typically specific for IFN-y. The
moiety is typically immobilised on a solid support. This means that after binding tﬁe
mofety the substance will remain in the vicinity of the T cell which secreted it. Thus
25 ‘spots’ of substance/moiety complex are formed on the support, each spot
representing a T cell which is secreting the substance. Quantifying the spots, and
typically comparing against a control, allows determination of recognition of the
agent. '
The kit may also comprise a means to detect the substance/moiety complei
30 A detectable change may occur in the moiety itself after binding the substance, such
as .a colour change. Alternatively a second moiety directly or indirectly labelled for



or nore agents and optionally a neans to detect the recognition of the
agent by the T <cell. Typically the different agents are provided for

si mul t aneggs12s3&Ppar ate or sequential use. Typically tperegaonardo det ect
recognition allows or aids detection based on the techniques discussed
above. 20 Thus the neans may al |l ow debgction of a substance secreted by the
T cells after recognition. The kit may thus-additionally include a
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second i AEPBMGs T celle fpm;the sample. (The kis ey s designes tr allowrdetectionff f er ent
site g th%éwleéﬁsadma]mm gaagléwlan%%fnt:@@h&}gf@bﬁg@g{hucéﬁ melgPort may be

a plate with wells, such as assay can therefore
be carried dfthe samplg- separate wel|l 'in the plate. The kit may additionally

conprise medi um I [ buffers to
be used in the (fg? %Iﬂg EJeaﬁmﬁﬁS&gﬁ%h?r%yaﬁg ‘im 5?0909\%@@5 %I‘t’se reagents
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The positive control may allow the detection system to be tested. Thus the positive
control typically mimics recognition of the agent in any of the above methods.

20 Typically in the kits designed to determine recognition in vitro the positive control is
a cytokine. In the kit designed to detect in vivo recognition of the agent the positive
control may be antigen to which most individuals should response.

The kit may also comprise a means to take a sample containing T cells from
the host, such as a blood sample. The kit may comprise a means to separate

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

Polynucleotides, cells, transgenic mammals and antibodies
The invention also provides a polynucleotide which is capable of expression

to provide the agent or mutant gliadin proteins. Typically the polynucleotide is DNA
30 or RNA, and is single or double stranded. The polynucleotide will preferably
combrise at least 50 bases or base pairs, for example 50 to 100, 100 to 500, 500 to



15 ballistic delivery of the agent. The agent in the kit may be in the form
of a phar maceutical conposition. The kit may also conprise controls, such

as p05| tiveyryodegati ve controls. The positive control npgr@Bbisrdohe
detection systemto be tested. Thus the positive. control typically mmics

recognition of the agent in any of the abpve nmethods. 20 Typically in the
kits designed to determ ne recognition ih vitro the positive control is a

cytokine. 1n tipgo ki ioo@%&t@%%?' wdoPe S‘eﬁ&ee&tbaéﬁ;ba&%]"l‘ﬁe ?%&%ohh«?ﬂne{%?or& he agent

the positive control may be antlgen to vi dual s shoul d
response. The q@m@rmyeqaiemvm}:mmws mescqafsﬁéld@ﬁoshmammfﬂxem ng T
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al so prOV|des .a.po cleo | de whi ch, i s capabl e of expre55|on to provide
t he agent>or fl‘%ﬁ | 3319 “BF?&“@?%%m‘% ing gliadip genecl eot i de is DNA

30 or RNA, and is sigdle3b tHQuRleBesdnke epéaaﬁe&{alp\spidghs‘&idwssw I

preferably conprise at |east 50 bases or base pairs exanple 50 to 100,
100 to 500, 5wdmsomm@ﬂ%rwen@rﬁ@@mmor1'thmgﬁeqmo@mm 2000 or

b tg
Whi ch oncodas CRBRsRRulcices bl MG B S Dl BbAEandk FRhhaGE, GrEduence
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ol ynuc | 0 ent | as uence.,or ns re i fferen
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correspondi ng ogjaabvdshfrexgesrsﬁmgtﬁeagaﬁuiﬁeﬁna&mﬂﬁnbéll?sﬁzﬁweﬂﬁﬁa@@ﬁeﬂtm t he
pepti de the pol él eoti de E&@codl ng or non-codi ng sequence. Sequence 5'
and/or 3' to tR n& i GUESy conpri se sequences which aid

expression, such a%érdly’iﬂﬁl%ﬁd%'f%Mﬁﬁm&fﬁiﬁhﬁ&b&&ﬂv&?mihe sequence
encodi ng the agent he pol ynucl eoti de nmay capabl expressing 10 the

agent prokary®elyaueleotida Kt saspdes SEQ ID.NOi3 aadevelnignificrotly ahdve bpakigiomad| eot i de

is: capaple of ch a human,
orimate Bt ¢ SsEaR Bl Al SREA doteled PHIROARRARE peaity 3 T,

i nvention may str;dgencd!(fne exanipbed. 03MIsyditm chloripoind0esM eddiute citdatetat fomodes SEQ
ID.NGO3 at a laEXtﬁ'SO‘%t% out%s‘l},l)l oalg\(r)e\fesuc li)(ljidlsatmn may be carried out under

any sﬁitable conditions known in the art (see Sambrook ef al (1989), Molecular

Cloning: A Laboratory Manual). For example, if high stringency is require&, suitable

20 conditions include 0.2 x SSC .at 60°C. If lower stringency is required, suitable
conditions include 2 x SSC at 60°C.

Agents or proteins of the invention may be encoded by the polynucleotides
described herein.
The polynucleotide may form or be incorporated into a replicable vector.

25 Such a vector is able to replicate in a suitable cell. The vector may be an expression
vector. In such a vector the polynucleotide of the invention is operably linked to a
control sequence which is capable of providing for the expression of the
polynucleotide. The vector may contain a selectable marker, such as the ampicillin
resistance gene.

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

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



15 Sel ective hybridisation is typically achieved using conditions of medium
to high stringency (for exanple 0.03M sodium chloride and 0. 03M sodi um
citrate afyofeigdfs about 50C to about 60C). However, suchch)dahisshaati on may
be carried out under any suitable conditions known in the art (see
Sanbrook et al (1989), Ml ecular d anisng: A Laboratory Manual ). For
exanple, if high stringency is required, suitable 20 conditions include 0.2
x SSC. at 60Che béll witlieerchodenitobecomypatible et g said vestot irltha fof&aflblaeNs i ncl ude
2 x SSC at 60C., A gn@ﬁon Protei.ns of the j.nvention may be encoded by the
pol ynucl eot iac?éc’ém’g Yiads ‘E}’Héﬁséi“ﬁ?“?ﬁ’é‘a‘ﬁ&abmlegi‘%@ywwﬁ% or be
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replicate in a suitable cell. The vector may be an expression” vector. In
such a vect Stlepmehaenhate prscinitation, DEAE: deatrag ipansferciénm, prelestroparttiop. | i nked to a
cont r ol 5 sequencerydhcdhtib | di ma.. ression of the
pol ynucl eoti de. The V%(t:xt%angspérgﬁgﬁs2&3%5%@%{%@{3%&%&?%’0@13“ as the
anpi cillin invelgiogtbaﬁwn@éna_tpl%ﬂ’ﬂﬁs'my yorogrise (k) chitivating eimsforiey be present
in a cell. §éflca{§|d%ﬂ§e%lalbove ggra%ﬁgﬁgrgsgﬂﬁt?ﬁ?@ﬁ{e%g%?siob oftt%egr%g,l ynucl eoti de or

vector. The Ce may expr 93

PCT. { GBOO 83ﬁ1&ﬁ3r:;bi32@)reﬂihexliﬁgihh d@résbe&}?l@hﬂfd_%n bomtgeypﬁg??yﬁepﬁ@e ,%a@ h t het sai d
vector an y for exanpl, a prokaryotjc (bacterial), yeast, insect or
manmmal i an cg%%?la‘?ﬂéﬂfﬁ%ﬁ%ﬁeﬁwmqumme%y be introduced into host

cel I's wsi ng CONVEYihs¥Aabn 416 HBYIBSCICR S VokibtheBshnise r%mgmfa te
precipitation, DEAE-dextran ralnsf ection, or ‘el eg(%'ro_p r at ?%?1’@5 The .
i nvent i on piégmentsthesreef wehichase eappble pEsugh rreegnitias{opbindihg). Thesesambe of t he

i nvention b | .S J ul ti.vating a
transforne Ie%:egf?%és%%g? ﬁ%gﬁ%ggﬁegr%ﬁ@ P ggﬁg Fff%g%eg %)eﬁglt - a‘TITtg’\?vt? he -
expr essi on e protein pf the aivegtionn The verftion alsb proyvivles Feelisewhictoexbless @ichr essed
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recognisse (the inwemtibp. t he agent, or fragnents thereof which are capabl e .of:
such recognitio or bi.ndi.ng). .,These can_be _.present_in the any form
ment i oned her ei grh%é‘.“’(j?m?ﬂﬂlﬂ ?Vlg‘?sé'lﬂ?g erp! pepalydlonalantibpdies whch o

specifically recognise the agents (such as any of the epitopes of the invention) and

which recognise the mutant gliadin proteins (and typically which do not recognise
the equivalent wild-type gliadins) of the invention, and methods of making such
20 - antibodies. Antibodies of the invention bind specifically to these substances of the
invention.
For the purposes of this invention, the term "antibody" includes antibody
fragments such as Fv, F(ab) and F(ab), fragments, as well as single-chain antibodies.
A method for producing a polyclonal antibody comprises immunising a
25 suitable host animal, for example an experimental animal, with the immunogen and
isolating immunoglobulins from the serum. The animal may therefore be inoculated
with the immunogen, blood subsequently removed from the animal and the IgG
fraction purified. A method for producing a' monoclonal antibody comprises
immortalising cells which produce the desired antibody. Hybridoma ceﬁs may be
30 produced by fusing spleen cells from an inoculated experimental animal with tumour
cells (Kohler and Milstein (1975) Nature 256, 495-497).




the protein of the invention. The invention also provides T cells which _
express such TCRs which can be present in any form(e.g. purity) discussed

herein for Wirngsless of 15 the invention. The invention gépgeRiBYddes
nonocl onal or pol yclonal antibodies which specifically recognise the

agents (such as any of the epitopes of the invention) and which recognise
the nutant gliadin proteins (and typi caT?g"Wni ch do not recogni se the

equi valent wild-typ NS f _the ipv | f, _maki ng such
S e P o BP0 e ik Rl iR bR oL

subst ances of doheentiofal @rdcediure. 'HEthbhdbmnsmm&ﬁ%mﬁninruﬂmwmj‘e‘ctedn the term
"anti body" .includes an£ tg; fra rrents SquICh_ as.Fv, F(ab) and F(ab)?2
fragnents, as WErrenipaeally{grfonpsion tes e einto the hlopd yramof 2 oduci ng a

pol ycl onal antaﬂagaﬂcs&mmmowﬁm@mﬁwﬂma FiSin ok 85U S préfak iy | 0"

exanpl e an experrmental aninal, he i nmmunogen and |solat|ng
i mrunogl oBul i nétré iemunisasion of GWMMP@WWIfOHWdt arapsfopnatipeof thecul at ed

with the i mu eémgr,}%[y renoved fromthe animal and the 1gG
fraction purif qggg cx%neggﬁ 9@& produci ng anoriocl onal anti body conpri ses

I rmortalising cell §owﬁ1eqalmdncmdmf$oﬂ1hmndelsnaledd polyclmadl yntiblokties, ttkoma. cel | s may
be 30 produced b Si.n | een eI s fr Qm i nocul gt ed experi nent al

animal with tU#B °°&aé|a?’§“@)r€c§ﬂr‘aé’ RN é‘t@?%‘t“i‘ﬁ‘?sﬁ’t Gy 8e 256 405. 497) .
WO 01/ 25793 PGhintdad@érin4 adnﬁﬁsferéd mny@htea@drhrwltﬂle lﬁi’nﬁﬁugdnﬁgcdd@&ddESI red

ant i body may be sel ected by conventi onal roced The hfébrl domas may
be grown 1%n cuﬁ°fE?‘?aé‘P@fr"’?'ﬁf’é&f‘}@é‘ld%ﬁPﬁﬁ%P‘Pﬂ?ﬁ@&IIW %rtoraw CBHEHf ascites

fluid or into Tﬂ&aﬁ‘ie?%le‘éﬁl@?&%@illyaagahghbﬁgﬁﬂ acBSptiblOfanidy MROSRBBAP M sed

host. Human anti body may be pfepar.e vitro I muni sation of human

| ynphocyt es, fmeIMMMﬁﬂﬁﬁﬁsﬁ mtifiehe | ynphocytes with

Epst ei n- Barr Vi rus E o ycI onal
anti bodi es, the exTﬁle?’BW%‘q‘geq%d c%gg&’lp(ill&gﬁsurglﬁmbafig/rga goa?gtl a]g%{ rPat or
nmouse. |f desrdeeadtabtehﬂael |mfamﬂ:gehbemwhlbbalbmWrdetemnbéﬂea&medmh;mat ein
which th nogen, i s coupl ed, Iev de chain_of one of
the ami ngsac' léi’ ggﬁahﬁé%ecn? opfiq Hﬁg‘eé’ﬁf grrtqgtg?anmeecm eis
typl cally a pf'bf@ﬂeﬁk@%&ﬁ'a's}’st&ﬁiisQi?ﬁ@@lbﬁba&drohlaﬁénzyﬂbﬂalfw{vhﬂﬂdéhses colour

change in a substrate, for example alkaline phosphatase causing a colour change in a

substrate. Such substrates are commercially available, e.g. from BioRad. Other
suitable labels include other enzymes such as peroxidase, or protein iébels, such as

20 biotin; or radioisotopes, such as 3P or **S. The above labels may be detected using
known techniques.

Polynucleotides, agents, proteins, antibodies or cells of the invention may be
in substantially purified form. They may be in substantially isolated form, in which
case they will generally comprise at ieast 80% e.g. at least 90, 95, 97 or 99% of the

25 polynucleotide, peptide, antibody, cells or dry mass in the preparation. The
polynucleotide, agent, protein or antibody is typically substantially free of other
cellular components. The polynucleotide, agent, protein or antibody may be used in
such a substantially isolated, purified or free form in the method or be present in such
forms in the kit.

30 The invention also provides a transgenic mammal which expresses 2 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 pol ynucl eoti de,
agent, protein or antibody of the invention, nmay carry a detectable |abel.
Det ect abl gglg3hbs Which all ow detection of the secret epceieBRi@age 15 by
vi sual inspection, optionally with the aid of an .optical nmagnifying neans,
are preferred. Such a systemis typically based on an enzyme | abel which
causes col our change in a substrate, #dr exanpl e al kal i ne phosphat ase

avai | abl o, *oU8 Podii sheapioedbh Pk S wpRamRL R GBS Rer eneyimes
such as perolid)élﬂsensedaé meqﬁ@@atln@d@ets% expre&HIBA-DA2 AURE Ay bOLivERsli Oi sot opes,
such as 32P or 3SS. The above | abels may be detected using ~known

techni ques. st Gampsisingigdiadin agbﬁeeecml@t:étS%e(%mmfdhwaémm@ms of the
i nventi on May,eRfoneli Re P%Qﬂeﬁﬁﬁmﬁ%dﬁdc?& 2h 3hitlal fﬁpﬁé{f&%e

substantially 1solate case they w genera Iy conprise at
| east 8% e. gxsema | east 90, 95, 97 or 99% of the 25 pol ynucleotlde

pepti de, anti body.. cell. ' rat | n
pol ynucl eoti de, ay&AE’ ?‘bt‘%%?tx‘&aﬁ th%%?l}eﬁgm Et‘sant ially free
of ot her cemmﬁtxcemmm@ueMngﬁnﬁmmmmaahubsﬁh&tﬁaIan or

anti body may be use such a bsta aIIylslated purified or free
formin the FERMS, fﬂttc%%%&é% & ik S sohcepitin o pRslind dscasantig

i nvention al a&eraﬁﬂxg%ahasaﬁsaﬂéeﬁr&atmm cOMibEdisRA¥Nh BRSBAnRal 8 Of the
i nvention. This may be any of. manmal s di scussed herein (e .in

relati d® to WWQ%Wmemmmﬂ@tﬁbﬁmw¢@haof the

anti body). P, I e ga{qeg.lg eliac
di sease. The{hrgr'gaﬁtm p}r(%ig/lgafsso p?‘g:ggmﬁﬁi %Eﬁogér%?i%gp%}em ’ég"gdu’sv"g% a diet
conpri si ng a gli aﬁmmhmrmwehﬁwhhaﬁnmmepw&cgc)agm}smf the gliadin

pr ot ei ns ti oned ein Thys the nma . ct n| mal nodel for
coeliac 5 d| 8%%%““?"&%“‘? algSIP“[s (Rt o?‘@\ﬁ%h@gagwﬁﬁ?ﬁ% gyeq alé)nt ifying a
product whi clhdsé substatided P Worinfuldtal fof lilidabgintthiseaide bg aii¥ing HemGnvigda ni st eri ng

a candi date substance to a nmmal of . the jnvention whi h has which is
susceptitbl e Phyrmacsutiqally agg g At cfrdﬁléet%r#ﬂrﬁ?wlm e mﬂ%‘;e prevents

or treats CORkidhfoall pReRSAL inkabdiBud MitFRlusculldd SubdianBbRYiBthdcAlAr,Or treat ment of
coel i ac di sease i ndicating that t he substance is a
intradermal, epidermal or transdermal administration. The substances may be mixed

with any vehicle which is pharmaceutically acceptable and appropriate for the
desired route of administration., The phafmaceuticaﬂy carrier or diluent for injection

20 may be, for example, a sterile or isotonic solution such as Water for Injection or
physiological saline, or a carrier particle for ballistic delivery.

The dose of the substances may be adjusted according to various parameters,
especially according to the agent used; the age, weight and condition of the patient to
be treated; the mode of administration used; the severity of the condition to be

25 treated; and the required clinical regimen. As a guide, the amount of substance
administered by injection is suitably from 0.01 mg/kg to 30 mg/kg, preferably from
0.1 mg/kg to 10 mg/kg.

The routes of administration and dosages described are intended only as a

guide since a skilled practitioner will be able to determine readily the optimum route
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 product. Such a product may be used to treat or prevent coeliac
di sease.” The invention provides therapeutic (including prophylactic)
agents or qya@m@shi ¢ substances (the agents, proteins andcrp,glnywe,{neotldes
of the invention). These substances are fornulated for clinical

adm nistration by mxing themwth a 15ng§1ar maceutically acceptable carrier
or diluent. For exanple they can be for ated for topical, parenteral

i ntravenous, i | jkiar, []ggj

epi dermal or t@géﬁg‘?fﬁa ﬁﬁ%wﬁp%\ﬁ%{lﬁ %%§St$£étﬂ§d§'§ agrg‘l“'réieosl,1 dr‘r%{’/ W th
any vehicle V\/rﬂnqiamwlapthaynnybemsedai hmeﬂ;odeﬁﬁmhgoaprdveammhmadmaﬁe)r t he
desired route adm.ni tratl The % armaceutical L.y carrier .or diluent
for injection lﬂﬁ tign alsq B’i"v T USSP R °f§‘8‘?‘%ﬁﬁ"é" €9 uti on such

as Water for |xﬂbﬁ6ﬂﬁﬂfd@&eatﬁ§b§p&b&ﬁh§ dbeliadtiisedBe. THus thedavention plovides £1 € f or
bal listic deli very The dose of the substances may be ad] usted according to

vari ous p&r aneibethad of preysatngen ieatng coplacfiiseass COmpnSipR #imIisEEne ke age,
wei ght and Conﬂ.{xﬂdngﬂ nfdd thdi€orR3htsBite dfthe RGedt] é’ﬁ%gﬁd%%hgo ’Ygg@ effbctive

adm ni strati on use the severity of the con treated; and
the required cammun(cﬁ:ierep@gl men. As a guide,  the anount of substance

pref or abl y from 0 asgrirg: s il ca bt Bic sty BBl shilnete By 0 o
dosages descri daeldu@reg sucﬂiﬁrbglaeh (ﬁhhyiuﬁma&d sonthélzes i Theagent sday be ﬁﬁde

practitigner eabI eter e readily. the opt.inumroute 30 of
D i 5t A8t 1 orlrod oRSERRREBIde s, o Rven Eeciedy Whish PONDPHREIIBUAIN | on. The
'subst ances of risEM884 @&c@aﬂm&bépadbenbﬁeguaémaym@deEiQGHMmmeat rrent of is
WO 01/ 25793 PCT/ GB00Q1037 -28. the human or animal body, or in a- -

di agnosti ¢ rretmiwea%&hmfseaiaemlqmérohﬁmﬁhmepﬂ%%m P4RG HPOteRSy Ofray be
used in a net vention
al so provide Wpt%élg%l%@ﬂ’%dkﬂ%&@%pﬂﬁﬁ t‘ﬁlg(?e %Pbérlgﬁlg g@tﬁﬁrﬁlge%t}ogqgnhgdl cament
for treating omageusingrstandayd ceohiiques, sucls ssdhyausinBlasynthésasei.nvent i on provides a 5
met hod of preventi ng or treating coeliac disease conprising adm nistering
to a hur%an I n need thereof a substance of the invention (typically a

non-t oxi c -ef f eplahtwells SidPlam alisdie oréss pRiddihON can be

made usi ng standard synt heti c. chem str
comprising sequences which can act a$ antagonists

The cell of the invention may be a plant cell, such as a cell of a graminaceous
monocotyledonous species. The species may be one whose wild-type form expresses
20 gliadins, such as any of the gliadin proteins mentioned herein (including gliadins
with any degree of homology to SEQ ID NO:3 mentioned herein). Such a gliadin
may cause coeliac disease in humans. The cell may be of wheat, maize, oats, rye,
rice, barley, triticale, sorghum, or sugar cane. Typically the cell is of the Triticum
genus, such as aestivum, spelta, polonicum or monococcum.

25 The plant cell of the invention is typically one which does not express a wild-
type gliadin (such as any of the gliadins mentioned herein which may cause coeliac
disease), or one which does not express a gliadin comprising a sequence that can be
recognised by a T cell that recognises the agent. Thus if the wild-type plant cell did
express such a gliadin then it may be engineered to prevent or reduce the expression

30 of-such a gliadin or to change the amino acid sequence of the gliadin so that it no

longer causes coeliac disease (typically by no longer expressing the epitope of the



t echni ques, such as by use of an automated synthesi zer. The agent may be
made 10 from a | onger polypeptide e.g. a fusion protein, which pol ypeptide
typi cal | y wompstgges t he sequence of the peptide. The pef%’i‘/éﬁoo e derived
fromthe polypeptide by for exanple hydrolysing the polypeptide, such as
using a protease; or_ by physically breaking the pol ypeptide. The

pol ynucl eoti de of the invention can be?>ade usi ng standard techni ques,.
such as by éﬁ%&ﬁox@ synthesiser. 15 Plant cells and plants that express
mutant gliadin proteins or express proteins conprisi'ng sequences which can
act as ant agoni stThistaebeddde fof exhmpleibn wetdduciny wamtids iftod| 23tor@®ré or SUCh as a
cell of a gram_nacequ nonocot yl eqonous speci es. The speci es may be one
whose wil d-t 3‘1‘"@@2‘?&?&'&% ecﬁggﬁlwlﬁg{m cqdis of gonrroding (eghe gl i adi n
prot ei ns Merfrbmoerefibhs] Sudh misthrithhs B4h a6 S tpie bP1ASY of REfaBEnsOf horol ogy

to SEQ ID NO 3 nentioned herein). Such*a gliadin_nmay cause coeliac disease
in humaBs. Tiwused hereipe.gin relatigihtedomolegpysoroteins)s The utations g be bar | ey,
triticale, in QdirSdSEh . It bikekt -i e Triticum
genus, suchﬁg%ﬁggés@tlfleglrﬂg spe?@g{]&ﬁoql%gisg%m oreh%rﬁ%g%%lcst??nhgé%%g%ug pl ant cell
of the i nvemedontbination tephniquie$ )yor dmerandons maokee (.2 0Sing 1 prueapen, andvibenl- t ype

gliadin (such.as_any of .the gliadjin ntioned herein . ch - cause
coeliac di ?@Yﬁ%‘"ﬂéﬁ%’ sﬁ‘!fe@sg'gj(“hgﬁ g’s“ﬁ“@jﬂ‘é%“b@%ri sing a
sequence t hafiadia Beqénce WREATAhSRS Coelic disehsee! | that recogni ses the agent:

Thus if the wild-type plant cell did express such a gliadin then it nmay be
engi netfed to prLﬂ/éﬁf’asﬁPfleﬂwlﬁﬁw&%%ﬁPW%@‘gmfﬁ“gﬂ-i adin or to

change the %Q&d&ﬂceaaﬁie%§&%%‘£ﬁag%ﬁisi§%&ﬂbl¥ﬁ®rﬁlaﬁ@ceﬁhﬁ%¥ | %re&%wii@nger causes
coeliac diseaSe (typically by no |onger expressing the epitope of the WO
01/ 25793 PCTyre@biadio protdin (e-229ne Whigk pausesrepeliatidissasela Préferabllyrtiough thee xanpl e by
|t roduci ng L as LPRS el st seiencd wl ol £ed odiihe Fleatd Sl 2l n_genes in
the cell, £ & exanple 1Mo ¢ o ng or non-codrng (e.g. pro r regions).

Such nut at i ¢sush asuiv dytpeomys) if ant hdividygl evholingestsn g Fdod@bmptising protein fortli SCussed
her ei S{ée. g Jn.relation to honol ogous proteins). The nutations can be
introdtited 147 BlagiPr et &l ranner (e.g using site directed nmutagenesis or

honol ogous  r ecomhé fifruelotiRGIMIEI Pfeten®in (07 which3ikd GEhsF@HR intd)@hd. USIi Ng a
mutagen, an CIiilatn't1 cGe?l will generally comprise promoter capable of expressing the mutant gliadin
protein the plant cell. Depending on the pattern of expression desired, the promoter
may be constitutive, tissue- or stage-specific; and/or inducible. For example, sﬁ'c;ng
20 constitutive expression in plants can be obtained with the CAMYV 358, Rubisco ssu,
or histone promoters. Also, tissue-specific or stage-speciﬁq promoters may be used
" to target expression of prote'}n of the invention to particular tissues in a transgenic
plant or to particular stages in its development. Thus, for example seed-épeciﬁc,
root-specific, leaf-specific, flower-specific etc promoters may be used. Seed-specific
25 promoters include those described by Dalta ef al (Biotechnology Ann. Rev. (1997),
3, pp.269-296). Particular examples of seed-specific promoters are napin promoters
(EP-A-0 255, 378), phaseolin promoters, glutenine promoters, helianthenine
promoters (W092/17580), albumin promoters (W098/45460), oleosin promoters
(W098/45461) and ATS1 and ATS3 promoters (PCT/UUS98/06798).
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 plant tissue, e.g. a callus, or a tissue excised from a

plant, or it may be part of a whole plant. The cell may be of any type (e.g of any type




typically selecting for mutagenised cells which no | onger express the
gliadin (or a gliadin sequence which causes coeliac disease)). 10 In the
case of pl agpdsympespl ant cel I s that express a protein thatpcgRiBbaes a.
sequence able to act as an antagoni st such a plant or plant cell may
express a wild- type gliadin protein (gg. one which causes coeliac

di sease). Preferably though the presence of thef__l_r_a_nt agoni st sequence w ||
cause reducedrpAr! faA. Fhregample iRl Fentiktsd'Gll, ARhNPa SURRLALBYai N AN

i ndi vi dual who ingests a food conprisi n? protein from 15. 'the plant or

pl ant cel | . ThfEerpnsiated gell, such asa gl oEityips Iquné incemabrirgs, pejlenigiopiaishoets or
transforned i . cell . will. r G i r capabl e
of expressi ndgat%%)e ﬂ%ﬁgﬁg% I{]%.el ﬁE’ %P%?’é?aﬁpe%ﬁg%%?n’?@‘;eﬁdﬁffﬁ°§g§&. hg on the
pattern of exptesolitn, des istagens, atiherg pataiy wpals amd/other fiodves partsut | ve, tissue-
or stage-specific,, and/or inducible., For exanple, strong‘) 20 _constitutive

|
expression in pl afPeIVEFhopProspdesia methadiof Ab @ifapsesas plaghipils oo ssu,  or

hi st one pr onMb@bfising\raRforinipSt {Rart RS with Epélzmﬁ‘.le%ﬂﬁe SiRRelof PSRN S MY be
used to target expression of "protein of the invention to particular
tissues in ateginsyarseenic plagigello Any suigahlettraasfoamation methodimpayibegisefine| oprrent .

Thus, for exgppl.6. ¥tk ?@cﬂﬂiﬁ\‘x;s ds%&édﬁyg%{g Vgx all ﬁi%{e]:cﬁ&‘?c%flbcsm- '
flower-specific etc pronoters rmay be used. Seed-shecific pt onot er s
i ncl ude t hosé7d€K99R) aybémsed)n | Rrefered teinsfoBnatios ¢évhuiugyinchmte. Rev. (1997), 3,

. 269-296) . i cuyl I f. z i,fi [
PP omoterd” { st o of S o ERads wRl RO ot nchl TR ol mRE o
hel i ant heni nahusivere 6 $cHiMBAR fiskidGilant il Whith sonpy 1D are hiansg¥fiO 81di5460) ,

ol eosin pronoters W98/ 45461) and ATS 1 and ATS3 pronoters
( PCT/ US98/ 06 788% &89t The cell may be in any form For example, it may be an

i solated cell, e.@heaell dFtRd BPLtidh or Bhs dUtaifldcel) Bay Bk regdhertte®ln®d ti SSUE,
e.g. acallus, or atissue excised froma plant, or 1t may be part of a

whol e pl ant . tengesicplantipytephnigies kpawi ip the atte Thessrmagripvalyg e v afplant 5793

PCT/ GB 037 I L) . . If: jated cell,
such alb a C%Q ?Wjﬂsl§§'§%?&grﬁmaaspdg%%’egﬁd§%ulﬁ)§?ggbﬁcéI | , ggl}%ﬁ{%lsﬁfageq%l | of a type
found i n enbrgyosth apdibt division obthe trasdgenit selb rSimiladyy éshnifhastchrastmationcl ude

0!, Shoot gt B ReROE Sul Bl e, BFRLEGH el P!
i nvention prabee s Me iR bhdéekatipled Rirbe Toidl ia, d.4. AIS4458,355pU83{536,875, US
5,464,763, US 5, 177,010, US 5, 187,073, EP 267,159, EP 604, 662, 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
5,554,798, US 5,489,520, US 5,510,318, US 5,204,253, US 5,405,765, EP 442,174,
EP 486,233, EP 486,234, EP 539,563, EP 674,725, W091/02071 and WO 95/06128.

In many such techniques, one step is the formation of a callus, i.e. a plant
25 . tissue comprising expanding and/or dividing cells. Such calli are a further aspect of
the invention as are other types of plant cell cultures and plant parts. Thus, for
example, the inventjon provides transgenic plant tissues and parts, including
embryos, meristems, seeds, shoots, roots, stems, leaves and flower parts. These may
be chimeric in the sense that some of their cells are cells of the invention and some
30 are not. Transgenic plant parts and tissues, plants and seeds of the invention may be

of any of the plant species mentioned herein.



conprising transformng .a plant cell with a pol ynucl eoti de or vector of
the invention to give a transgenic plant cell. Any suitable transformation
met hod maywdesRd (in the case of wheat the techni quepcgiasoemed i n Vasil
V et at, Biotechnology 10, 667- 674 (1992) nay be used). Preferred :
transformati on techni ques include 10 e_Iﬁgtropor ation of plant protoplasts
and particle bonbardnent. Transformati én may thus give rise to a chineric
ti ssue or plant i i i not. The
cell of the inven?ﬁ%%%?@ﬂgg d%%% Jg?]n?gﬁ%ﬁe{ @O%@‘Egd%gg’éﬂ%% i&int 0 a
transgeni ¢ plcelistbylpeane ofmadgeregendsnown in the art. These may involve the use
of plant 15 gro subst ances such.as apxins iberellin ng{or
cytokinins to st%’f% %nef%gnatre%%v %sﬁg? %flé!8§$ﬁer§|g%% g‘atnﬁcepsl%“?'aﬁé%eni c cell.
Simlarly, taslenichds gpovbesasetiodsod dbtainieg ranggingiaits offufhaigenesdtions cul t ure
may be used. Reg nelﬁr{?}tion tecpni es are well known in the art and

exanpl es® can fig@ geppration plant g nese/age Kao3vn as GRORENLRGNSHERIS PRYS. 5 464, 763,
Us 5, 177, Olﬁlroge%' ants 8F se8dnd, thil, f8frfh, Bl sk 488 furthBbebnersfio iday b602, 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, UsbBingdSromthe fipsgencrpian yamgenisplanthygny means kaown odhe g7, US

443174, € 435, S LR il hottgd R 05 bisA I BeR {8 03071 ana vo

95/06128. | n phiatwonguising bbtaimmgopsesond arerationiransgenih grogenynplant omof fimt-cal | us,

i.e. a ant 25 tissue conprisi.ng expandi and{or . di.viding cells. Such
cal li af(L a EEReTAEp fgg'?t O%ttqun‘feﬁgcg%ﬂ'g%puggg‘{ rog%‘?m{s % of pl ant
cell cultur e?laﬁ@féfﬁﬁe%ﬁm&aﬁirﬁer gehetationk fiom the seaddegenératon prugeny iplat pr ovi des
transgenic plant tjssues and parts, including enbryos, neristens, seeds,
shoots, root $usgbiaiwgd. | eaves and flower parts. These may be chinmeric in

the sense that sop@g@iy il mhayiR drédudédrréif kefr pddeédsrd dTw@ilied ON and sone 30
are not. Transgenic plant parts and tissues, plants and seeds of the

i nventi on nmgelseatiops byany kapwa teehniquen dn ppieulaspragasy plaps may be graducedp

01/ 2. 5793 PCf{.G3300/ 03760 -31 Regeneration procedures will typically

i nvol ve the selection of transformed cells by neans of marker genes. The

regener at i onobthininggi transgenicseed foonaa frarsgenigplawod thednrventicutelpaging tpa ant . The

'ggxg[‘;'t iogng' SR YL e R o Sh A Ry LRESLA Fodenf PRASH G iNARLS OF Turther .
belonging to a new generation by growing up the transgenic seed; and/or

20 propagating clonally a transgenic plant of the invention belonging to a previous
generation to give a transgenic progeny plant of the invention belonging to a new

generation; and/or

crossing a first-generation transgenic plant of the invention belonging to a previous
25 generation with another compatible plant to give a transgenic progeny plant of the

invention belonging to a new generation; and optionally

obtaining transgenic progeny plants of one or more further generations from the
progeny plant thus obtained.
30

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



5 fromthis first generation plant. These are known as progeny transgenic
pl ants. Progeny plants of second,, -third, fourth, fifth, sixth and further
generati ons Wa¥i4es obtained fromthe first generation ”q’@iﬂﬂﬁhﬁsﬁi ant by
any neans known in the art. Thus, the invention provides a nethod of
obtaining a transgenic progeny plant comgylsing obtaining a
second-generation transgeni c progeny plant froma first 10 generation
transgenic pl q,&tpag{uomﬁd ké%\iﬁfﬁéﬁagauoﬁfiﬂay%hh&fﬁHifkréi@faélh@ iNdplokRPageni c
plants of one or nore further generations fromthe second-generation
progeny pl ant givep gise O tmnsgegic phobgutble forcultivationnin partiglerdrepetitive bagk-t hei r
predecessors particul ar,
progeny pl ant gior?%ﬁ/églgﬁ %ﬁ%@%%%g?% nirng a trgtggégueéﬁl g“s;eed froma
transgeni c pl a:ntlertaken Mmmepsbﬁnmehgmglsf@m@phntmeegenwwmmn, t hen
obtaining_a tr eni c oaen %Jnant of the invention belonging to' & new
generati on by “hﬂmﬁg{s? %"%‘/"F Wheni ¢ seed: and/or 20 propagati ng

clonal 'y a transgeniy, Rirthed deSitabld Ghatabid@siick maybeh%amd&abwa@f&ﬁ@/g@us
generation to give a fransgeni ¢ progeny plant of the invention belonging to
a new gener atFi plaatiisess, Rpnsensagiscat ply Sitable sopainithpaboyapogdnite pl ant of
the i nventi on {aedaBokdgath ooty YIS otrRPdL R Sgghga%afﬁdbibm%m

conpatible plant to give tr eni c progeny ] | nventi on
bel onging to éi'hmemnsglmmnmdlouhby&ﬂwcm}jqﬂesdaichbeddmmfﬂrlﬂymmaiueigmmfc progeny .

pl ant s o{oone Q urd %Bneratlons fromthe progeny plant thus
obt ai ned: 30 PRES dﬁ%?ques y be used in any conbination. For exanple,
clonal iii' WO 01 Faﬁésa&pl%m&ﬁb%iﬁﬁnayl&%encw@ﬁgmthmcodin‘gﬁ)enmai

0Bt r ansgen erodsTestmiee F51 eBoIectet Py BIPURS (B s BHEAP SPERsec (i vo
back- crossi-ngexd (elg. ER-A2b 294, 358%95]% agatagmaﬁawa%ka (W Oke0008P) @ene);

characteristics nay be undertaken urther steps of renoving cells froma
pI ant and. r eg O Eerancs o Rsangiingp dikalobenepnitrily; shrosinaje. 88WINBR carri ed out .

15 phosphinothrycin acetyl transferase (PAT) or glhitamine synthase gene

(cf. EP-A-0 242 236); asulam; e.g. using a d1hydropteroate synthase gene

" (EP-A-0 369,367); or a sulphonylurea, e.g. using an ALS gene); dipheny! ethers such |
as acifluorfen or oxyfluorfen, e.g. using a protoporphyrogen oxidase gene); an
oxadiazole such as oxadiazon; a cyclic imide such as chlorophthalim; a phenyl

20 pyrazole such as TNP, or a phenopylate of carbamate analogue thereof.

Similarly, genes for beneficial properties other than herbicide tolerance may
be introduced. For example, genes for insect resistance may be introduced, notably
genes encoding Bacilius thuringiensis (Bf) toxins. Likewise, genes for disease
resistance may be introduced, e.g. as in W091/02701 or W095/06128.

25 Typically, a protein of the invention is expressed in a plant of the invention.
Depending on the promoter used, this expression may be constitutive or inducible.
Similarly, it may be tissue- or stage-specific, i.e. directed towards a particular plant
tissue (such as any of the tissnes mentioned herein) or stage in plant development.

The invention also provides methods of obtaining crop products by '

- 30 harvesting, and optionally processing further, transgenic plants of the invention. By

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



Al so, further desirable characteristics may be introduced by transform ng
the cells, plant tissues, plants or seeds, at any suitable stage in the’

above pr ge@eisas7930 | ntroduce desirabl e codi ng sequencepcpEhffizishan the

pol ynucl eoti des of the invention. This may be carried out by the

techni ques described herein for the isroduction of 10 pol ynucl eoti des of

the invention. For exanple,. further transgenes may be selected fromthose

coding for other - °~ herbicide resistance traits, e.g. tolerance to:
G yphosat e . usi ng an EPSP synt hase gene (e.g. EP-A-0 293,358) or a
gl yphosat e € Gibd & '_-.__ (,4 1 T adflin !\_gh [EANS .l r= kl Na OMPELSS SEAY ;11' lo) f Osarret I n

a di hal obeng bferolfh&n gg;,g ) gfsp eg usi ng a 15 phosphl not hrycin acetyl,
transferase_?%ﬁ'rf“‘—érﬁFa%iLMnt hase gene (cf. EPA-0. 242,236); asulam
e.g. using a di hyheopentionprozides mpiodust ﬂgemp@mﬂ&e muﬁﬂ%liaﬁiﬁ)proteins a

sul phonyl ur n. Al en er uch as

aci fl ucr)gr/fen%? %?ﬁﬁ%ﬁ%%se%%e%&%#ﬁfgﬁﬁg %‘b%ﬁ?ﬁq %ag'ﬁ oxi dase gene);

an oxadi aze¢lpicaliy déived fromad icamprise plant peatsifiom wm@msmmhe@ne:ahwsnpht halim a.
phenyl 20 pyrazol e such as. TNP, or a phen e.or_ car barrate anal ogue -

t her eof . FPRATESS Sueh pRIRRS, %B‘w&%ﬂ&?ﬂ"&%} %%@F frecdly e?q“'l‘&r"i’rherbl ci de

tol erance rrmaneagr bi‘ﬁir%ﬁﬁg?ﬁdfﬁ%srﬁ?b@&ﬁh@&eﬁ%@&ftﬁ@fnvéﬂiﬁﬁcbué stance may

be introduced, notably genes encoding Bacillus thuringiensis (Bt) toxins.

Li kewi se, gebiaisall epméveseaslede graigg. s"eltfﬁ@é"%fu@é nrﬁ@mbeaxbwbwnajﬂ eas in
W91/ %701 m&% Mmefp.l kaes. gi ol:ltﬂﬂﬁﬂél’) nis
ant of t

expressed in a I nvent pen e pronot used,
this expres ﬁnthnr progesding e ﬂgrm or distillesd aimhpmm&efggg, foodSpmﬂtcas ingde ﬁ'dm may be

tissue- or gta RECh t I ant tissue
(such as. an§ 0 yoﬁ |ss%'gl§er|¥e°cfg8‘§ne ’reg\l@;eOcll maﬁi“g'g e ;mgé

devel opnent from far.i Typidatly mhabmpr@dww dmsh mliﬁgesiﬁldﬁnd(digeﬁibh @g. crop
products by 30 harves a I 0 roce55|ng fiuher, transgenic

pl ants of tﬂ‘é‘"?°?ﬂ?é‘ﬂ$?%)ﬂm%8w£\§"r)ggs’ﬁ?‘6‘ﬂ “§1 meant any-useful product

obt ai napl e from g tkd @Bk ¢t faéd prodifRtsQidt 26 Pk e RCTHSBON I /Bprisdan Pr oduct s t hat
contain nutant sliadin prote| ns or proteins that conprise sequence capable

of acting ayt%g?ﬂﬁ?ﬁ?ﬁw*# fopdprodugianey ase %W%%d‘apﬁ%@&htbu’t hat conprises -
the mitant a)"thaﬁﬂhﬁnﬁ&s aﬁlle% cﬁﬁ@ifeﬂ&mbﬂ?ég COMPEieRS  BEGSMERCE capabl e

of acting a goni st
d1sease symptoms after such food is mgested

The invention is illustrated by the following Examples:
20 Example 1
We carried out epitope mapping in Coeliac disease by using a set of 51
synthetic 15-mer peptides that span the complete sequence of a fully characterized a-
gliadin, “A-gliadin” (see Table 1). A-Gliadin peptides were also individually treated
with tTG to generate products that might mimic those produced in vivo®. We also
25 sought to study Coeliac disease patients at the point of initiation of disease relapse to
avoid the possibility that epitope “spreading” or “exhaustion” may have occurred, as

described in experimental infectious and autoimmune diseases.

Clinical and A-gliadin specific T cell responses with 3 and 10 day bread challenge
30 In a pilot study, two subjects with Coeliac disease in remission, defined by

absence of serum anti-endomysial antibody (EMA), on a gluten free diet were fed




typically derived fromor conprise plant parts from plants nentioned herein
which eéxpress such proteins. Such a product-:nay be obtainable directly by
har vesti ng Womi/ig‘rj%r ectly, by harvesting and further proceggicaaydshi@ Pl ant

of the invention. Directly obtainable products include grains.

Al ternatively, such a product nmay be obtainable is 10 indirectly, by
harvesting and further processing. ExanpPés of products obtainable by

further processing are flaour or distilled, al coholi:c.beverages;.foo
products made f%g@“ﬂﬁsé@@?‘? gaﬁ?na?qumvﬁ%f@m@@w&qﬂﬁ%#ﬁ%?, e.g.
baked products é%;feggi'eelafe@aﬁ)bjéwg_@easéd' e HeBithe of BbROHRE] pairs Wit Ve gidoduct s,

which are ingeStible and digestible (i .e. non-toxic and of nutrient val ue)
by human i ndi vimdldafizthogsafienthriealaps but Bbjectdbepnpinesd fer K0 dayawith opiymilde t he

protein which conprises n i may al so
conprise wld- P?/‘E aﬁlof‘% ?ér]]c @8@%?&%@@@95’%@?@%@%&?fg&g%ﬁ e to cause
a reducti @ ( ebfead clliphge; Mbigtingrthé breadwsed halccanstid acelapse of Gpelandisedster such
food is ingested.. The. inv jon is.illustrated by the_.fall ow EX | es:
20 Exanple 1 WBUutdy @&b%{ﬁ%&?@ﬂﬁ%‘ﬁf%h%%’&@&@eﬁ?’%@@%& ing a
set of 51 synph@lsiiie ,'s*ﬁﬁtoﬂ@ﬂiajt edi¥ith Sfead ciallengeeesphvetl avithzgwence of a
fully characterized a- gliadin, "A-gliadin" (see Table 1). A-diadin

peptides were diyafiermepiogglghiter freadild with t TG to generate products that
mght mmc those pp oh%las‘Yr# I‘ﬁ\ﬁ -E1HEPET 3R aysto AN JePridds wbve fvel i ac
poi nt of i Ni

di sease patients at the tiation of disease relapse to avoid
the possitil it founkdaefoepirtdopes brept challéngg: Botfrone thisslay, aftes readsxjthdeawal occurred,

as described i expeciqental . inf ' . J: I SE responses
with 3 and 10 &Qﬁy @r‘%§‘d"1°c%ré|a|s‘e“ﬁgeepe°%&ﬁ‘?"€§%é'ﬁ°§{“{g$ .Hﬁﬁfﬁ‘g?gglgﬁ‘? S eel|
30 In a pilot g5yehsl3) treated withaTGshowvedpoime [ENprresfionses (e Figurela).ski on,
defined by absence of ti-endonysial,. antj.bod E l,ut en
free diet vvefeSPB’GW’G%WW%@%@Pepé%re%@$eé%gog?as3t andar d

gl ut en- cont ai ni,Rge WY Wi LSS Adddy)8. i TheA§AkintitQh d infaghideielof dRadponslisit en free
diet. Subject 1 ceased bread because of abdom nal pain, nputh ulcers and
mi | d di arkhoea Peptiwassimier tethat eligited bparsppmetrypsimsiigested ghiadin PRMCIENY i t h

only mld

responses to tTG-treated Pool 3 were consisténﬂy 5 to 12-fold greater than Pool 3 not
treated with tTG,.and responses to a~chymotrypsin digested gliadin were 3 to 10-fold
greater if treated with tTG. In Subject 2, Pool 3 treated with tTG was also the only
immunogenic set of A-gliadin peptides on Day 8, but this response was weaker than
20 Subject 1, was not seen on Day 4 and by Day 11 the response to Pool 3 had
diminished and other tTG-treated pools of A-gliadin peptides elicited stronger IFNa.
responses (see Figure 1b). .
The pilot study indicated that the initial T cell response in these Coeliac
disease subjects was against a single tTG-treated A-gliadin pool of five peptides and
25 was readily measured in peripheral blood. But if antigen exposure is continued for
ten days instead of three, T cell responses to other A-gliadin peptides .appear,

consistent with epitope spreading.

Coeliac disease-specific IFN-g induction by tTG-treated A-gliadin peptides

30 In five out of six further Coeliac disease subjects on gluten free diet (see
Table 1), bread challenge for three days identified tTG-treated peptides in Pool 3, and



nausea at one week. The EMA becane positive in Subject 2 one week after the
5 bread challenge, indicating the bread used had caused a rel apse of |
Coel i ac diweeagses But in Subject 1, ENA renmai ned negat ipp@cghds9sel WO nMoNt hs
after bread challenge. In both subjects, synptons that appearec? wi th bread
chal l enge resolved within two days a-er returning to gluten free diet.
PBMC responses in | FNy ELI SPOT assays to A-gliadin peptides were not 10

f ound bef or & partichlar; mudnseaxﬂespd:mﬁd@ngéﬁolelm ahd 60+75 (18) aicthre sli¢ AF br ead

A e L L L C o P N b
responses ( §@eysTuf Uf gardlR) to IFNy EBISPET sholved inb EL-PBIMspidsé tTGaparde t o

A-gliadin peptjde remained targeted to Pool 3 alone and was naxi nal on Day
8. The dynaﬁ?Rf’ée%%mrﬂégﬁ??‘%ﬁf@bJS‘Ft P& WeERRol DV responses tpgay ABlgdig sinilar to

that eld ci tﬁ%ﬂo@a& ¥19%ig[és gfa%h%fd}é igafhglor JpEYkout bAY¥ aftbeSPONSES toO
tTGtreated ool 3 were consi st ent to 12-fo d reater than Pool 3 not

treated withreadchallemge. dmngnsiof these Coediacdigaren subjests di Statng ctﬁngam n were 3
to 10-fold I 3 treated with
t TG was al sgthggngWhe&Irx%?r%%%gg#uﬁ%é{%?ﬁ%é‘:éph%gn pem% ‘des on Day 8, but
this response mmfmmmmmmvasummmmmmmawys4 and by
Day 11 the r Pool reat ed pool s
Doy 11, e LERRAII5 40 5k o8 Kbl T Sl B e o0 200!
The pijet SMESrdaﬂdﬂ&&'blﬁﬂwﬁé'@glu{ehﬁebﬂieffoabneTmmHshdiﬁahmrlFHyI n these Coel i ac
di sease subjects was tgal nst a S|ng{%e tTG treat ﬁ(gg Ilad Bﬂgh of five
pepti des antpsponsesaheve {Be aegativeoauolte any of thep REPHIPGHIR OTbOME ant | gen
exposure 'Stﬁ?ELdtBUﬁdTBQJ ﬁdﬁ&.oﬂ%Y@Nﬂﬁme &i‘t'rbttie%&d PIol@eJnH A-esponses to
ot her A-gliadin peptides pear, consistent with epi QQIP qureadl ng.

Coel i ac di sglaslin mv@dﬂfiéﬁol(maad Bord 5 €13) wreresSoelinusliseasesp ¥sd¥hn pepti des
30 In five ellac di sease subjects on gluten free diet
(see Tabl eg%o%é%qc%&?m#g ‘for three days-identified tTG treated
peptides in Pool 3, and WO 01125793 PCT/ GB00/ 03760 -35 in particular,

peptides co 75 (13) as the-sole A- gli adl.n
conponents ® re-2). I L- 10 ELI SPOT assays

run in parall el m;-ﬁ&%a ;Ebﬁ&mﬁresaﬁmg&umubﬂmm-gmmss revealed @hat 1 eat ed
the same core peptide sequence (QPQLP) was essential for antigenicity in all of the

five Coeliac disease subjects assessed (see Figure 3). PBMC IFNy responses to tTG-

20 treated peptides spanning this core sequence beginning with the 7-mer PQPQLPY
and increasing in length, indicated that the tTG-treated 17-mer
QLQPFPQPQLPYPQPQS (A-'gliadin 57-73) possessed optimal activity in the IFNy
ELISPOT (see Figure 4).

25  Deamidation of Q65 by tTG generates the immunodominant T cell epitope in A-
HPLC analysis demonstrated that tTG treatment of A-gliadin 56-75 generated
a single product that eluted marginally later than the parent peptide. Amino acid
sequencing indicated that out of the six glutamine (Q) residues contained in 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




peptides 12 or 13. In one subject, there were no I FNy responses to any
A-gliadi'n 5 peptide or a chynotrypsin digested gliadin before, during or up
to four dayi‘,@% 3 bread challenge. In none of these Coebipgphlimeadse
subj ects di stat us change from baseline when neasured for lip to two™
months after bread chal l enge. PBMC fromsfour heal thy, EMA-negative subjects
with the HLA-DQ al l efes al *0501, 01 *0201 (ages 28-52, 2 femal es) who had
been chal | eng@éﬁutﬁelﬁ%ﬁﬁgﬁﬁﬁﬁl F%?réﬂ&c@d ngaﬂbs%ﬁﬁi%exftm {he¥dnigpeptiddsut en free
no

di et for one nohth, showe responses above t.he negatlve ﬁontrol to

any of the A gmh@ﬁSqugergﬁ -aeatmert (S¢e Btguw 4apoReplacementiof Q37 #adiQ72 iy,

I nducti on of ny Bag OhRept | des
56-70 (12) an%’g%%l- aF@%{[{mvveolr':'ées cg%hf’f%%s%l seégleu%g%ggh? 7-9131%/&%[1% 0/ 4,
p<0. 01 by Chi Coglistrdixdasenabjycds sydied GedFigare @ﬁpi?*gldcﬂntme mvmt:guqed A-gliadin T

. cell enitone tTG treated pe%‘i dﬁ’ﬁ re esegtt1 unc f.L. 0N f A-gliadin
56- 75 r eveal eljetansseluapie Jesidues Rllawed by pralinein % was essenti al

for antigeoi Cigbamiditedby tT& intviteo (WIVﬁeEan P@&eeﬂnﬁgsaﬂeln&munemﬂs assessed (see
Figure 3). PBMC I FNy responses to_t TG 20 treat ed ,g é‘ panni ng this
core sequence Symgpsim Cgeliaeiseessd "fh?Féﬁc’feP @P‘?m aoh L celLeRitoBe WAS | engt h,

I ndi cated t ha @ £flp QLQPFPQPQLPYPQPQS (A-gliadin 57-73)
possessed optfdeﬁlfb%act Ijti:;’;eli:’n tﬁg [ Ny ELI SPOT (see Figure 4). 25

Deam dation of 065 by tTG generates the i mmunodoni nant T ceII ep| tone in A-

lig adt[ n]dé—tPLC anal S dq? ae
generat e é%?é—%m
peptide. Am no aci fh twoeCpstiscdisegse snﬁjectabmdozygam fonHLAfDQ Iaé*Qﬁ)k, glutanmne (Q
resi dues cont ped in i.ad 6- 7 | v deam dat ed
by t TG (see F u(??é) 5*)““%%‘385’3??19‘?"# 9““%895' @8&%3@?@8?@2?&%55%%‘9?%’ seri al
expansi ons f er‘GIﬁfbﬁtleGW gmamcﬂstﬁdm a?&iﬁ?n&%ﬁ%ﬁ&ﬂ?&ﬁﬁ{(@ﬁ@h%ﬂﬁo -36
sequence |n iC ut amat e repl ace was equi val ent to.the sane
pept i des mn@s@géwbmt@@é magetifbead (leel«s%°wfé’&1‘éc%syﬂ é&“'&t‘e‘ﬁﬁ% © of Q&7
and Q72 by E. S{] &5 M@lcafl th%olﬁﬁ(ifres éﬁ@toﬁ@é tFHafld 'AQ%ha@ﬂfms opdmeicity of

the | 7-ner three | sease subjects studied (see Figure 6).
@7 and Qr2. vvenelmwd/estlgat ed :

Discussion
In this study we describe a rather simple dietary antigen challenge using
20 standard white bread to elicit a transient population of CD4 T cells in peripheral
blood of Coeliac disease subjects responsive to a tTG-treated A-gliadin 17-mer with
the sequence: QLQPFPQPELPYPQPQS (residues 57-73). The immune response to
A-gliadin 56-75 (Q-E65) is restricted to the Coeliac disease-associated HLA allele,
DQ al*OSbl, B1*0201. Tissue transglutaminase action in vitro selectively
25 deamidates Q65. Elicited peripheral blood IFNg responses to synthetic A-gliadin
peptides with the substitution Q-E65 is equivalent to tTG-treated Q65 A-gliadin
peptides; both stimulate up to 10-fold more T cells in the IFNg ELISPOT than
unmodified Q65 A-gliadin peptides.
We have deliberately defined this Coeliac disease-specific T cell epitope
30 using in vivo antigen challenge and short-term ex vivo immune assays to avoid the

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



5 because gl utam ne residues followed by proline in gliadin peptides are
not deamdated by tT.Gin vitro (W Vader et al, Proceedings 8th - :
| nt er nat i @@aa);s7oy MPosi um Coel i ac Di sease). Therefore, ' dom nant T
cell epi to%e /\7\“7as defined as QLQPFPQPELPYPQPQS. 1.0 IEFFIETE/I’(#(I); om '('r%l)ant T cell
epi tope response is DO2-restricted anghb CDA4 dependent In two Coeliac

di sease -subj ects honbzygous for HLA DQ'al *0501, 1 *0201, anti-DQ

nonocl onal - éibpdmshpidy. Qﬁk@ﬁdﬁ:@@inﬂcktsaﬁirp&ighérm HleSIDEsliGedponsel oG t r eat ed
A-gliadin 56-75, but anti-DP and -DR antibody did not (see Figure 7).

Anti - CD4 arfgehen of@biemirg mpid butbeitiived spd eandi vtized i ePitPRR MARRPE e | ac.

di sease 15 guRictmligen AEli¢nBE b AiddShov Mhele GSPRADEral Medalhy bf BfkRA A- 9l i adin

56-75 is CD4 T cellT- nediated. Discussion In'this study we describe a

rat her si npespodsestadglindin peptides; Hapliadingd-T3snedifiedly tTGnotionly clivifstthe br ead to

elicit.a tr | opul ati.on,e . |.S | riph |._bl ood of Coeliac
di seasE'-:-:J Subﬁ%@%%%@%%ﬁ)g%eeﬂ? (?%éc%%ra‘gg{hgzﬂ,&%ﬁe ? %forx]&flé_a Pwith the
sequence: QLQPFREUhEWPaRQIAs{essed iotlyespthiés siapning Megliadin thereneaypense t o
A-gliadin 56-75 (Q E65), is. restri C‘Eﬁfd to the Coeli.ac di gease-associ ated HLA
Al el e, DR SpeRPern ofher lisdipspf ool arghentss impQltanen i e RalOBSRERS 85 i n vi ¢ 1 o

sel ecti vel yooeHadlfisuake] ahded Bpepliié Seoqbde ReKd QResfthe éﬁiﬁ%ﬁn'fﬁéﬁhdhﬁ_s ponses to
synthetic A-gliadin _peptides with the substitution O E65 is equivalent to
t TG t r eat edh@gs W@ld%{eﬁ (PQRQLP¥his shagee by seyershother gliagins(BwisPotol d nmore T

cel 15151 ¢ N hEN ELoSPETubtaR: POMER el @B Aol adigazpopt | des. Ve have

del i berately this Coeliac di'sease-specifi ce epi tope 30 using
in vivo antR04&R, EHZHNGE7Hn Blosiavert Agbadin peptidesithatinaye previeusiyeent o avoi d t he

possi bility, of t hodal.ogi.cal . artifacts f . reW th the use of T
cell cl oneSSh?‘ﬁn %oﬁﬁ%%g%ﬁ% &é?é‘éﬁ‘lf@%%ﬁw‘ %r@g%slq@ﬁo%e(f%ae’ﬁaﬁ‘%%. Qur

findi ngs i radi43a8453, had 206217 Helidhot BlidOENE respbdses mPBMC ésllotving thregest i on of
gluten are yapid, but shori-Ilived and.ca utilized for,epitopg mapping.
Vo ey B AR g Choliet GreB e SibiR. dhestopldeS g R s BinahBE, arhy "o
| Mungs r eSPINSPRoped tht st Adih3pRadihg 6fbs imtmgleiragbme57- 73 nodified by t TG

not only elicits the 5 strongest |IFNg response in PBMC but it is also the
first IFNg response to appear.

Example 2 . _
The effect on T cell recognition of substitutions in the immunodominant epitope

20 The effect of substituting the glutamate at position 65 in the 57-73 A-gliadin
epitope was determined by measuring peripheral blood responses against the
substituted epitopes in an JFNy ELISPOT assay using synthetic peptides (at 50
pg/ml). The responses were measured in 3 Coeliac disease subjects 6 days after
commencing gluten challenge (4 slices bread daily for 3 days). Results are shown in

25 table 3 and Figure 8. As can be seen substitution of tfle glutamate to histidine,
tyrosine, tryptophan, lysine, proline or arginine stimulated a response whose
magnitude was less than 10% of the magnitude of the response to the
immunodominant epitope. Thus mutation of A-gliadin at this position could be used
to produce a mutant gliadin with reduce or absent immunoreactivity.

30
Example3




Because we have assessed only peptides spanning A-gliadin, there may be

ot her epitopes in other gliadins of equal or greater inportance in the

pat hogenesi sy@fi2sé98€el i ac di sease. |ndeed, the peptide seqpepegoddsrdone core
of the epitope in A-gliadin:.that we have identified (PQPQLPY) TIs shar ed by
several other gliadins (SwissProt 10 and3dsenbl accession nunbers: P02863,
41528, 41531, 41533, Q9ZP09 P04722 P04724, P18573) However,
A-gliadin pept esftinp thi ; viewofegeivaledipeptides yadle secubingact i vity
i n biopsy chal |L.enge and in vivo studles (for exanple 31 43, 44- 55 and
206-217)4,5 dim elicit 1FNg responses in PBMC follow ng three day

bread chal | enge_i n TG @hin@oreicHoiap6r sqiivhleR poptided BfiM dURP bRy BBounRdg:
"secondary" 15 T cell_epitopes that arise vvlth spreadi ng of the i mMmune

response. Exatspisliad ‘Pﬁ@'a%FSP%‘é?d wsvyeféptrcr@e%qﬁ.wlmﬁmeﬁ'ﬁnsstets}sqrrams@lbbns in
the i mmungdom Ragin %R‘q%&ﬁ;@s Wi a@re%én%teaw&t&%%m&hm& thEseHe Ngﬁ&@ﬁt e at
position 65 in th A-gliadin epitope was determ ned by neasuring
peri pheral bl memfbm@eﬁiﬁgﬁﬂ"nmhetsﬂee maupies and witheBBMEs fiopethe samen | FN7

ELI SPOT assay i e he responses were
measured in go‘eﬁgassa,eg%@ggéne s ée%tét%%éﬁéedt?‘fg%%h%sggrmnm ng gl uten
chal | énge (4 ah:nmerehcrt&aglcdnpdrgblémrthé%Am&h57Re£65‘q:8ptﬁree{afﬁdnovm in 25 table
3 and Figure 8. can be seen Su‘gstj tgl}ai oﬁg of IuIa te to histidine,
tyrosine, try Fatine Hhat ather gliad P§"t e t8 ponse
whose magni tq&ely\wsndhe@mstdb%naol&mspeaﬁc [ el redpBnf( T&thsm aefPgRee to the
i mmuunodom nant_epitope. Thus nutation of A-gliadin at th| s position could
be used to pr9(3duce a nmutant gliadin with reduce or absent

i mrunoreactivity. 30 Exanple 3 WD 01/ 25793 PCT/ GBOO' 03760 -38 Testing the
i mmunoreactivity of equival ent peptides fromother naturally occurring
gliadi ns The iMetheds eactivity of equival ent peptides formother naturally

ot espondi ng T Yaipe U7 578 SRAT et PRl (e BRI 1Rt | e
trreat ed wet h tKiagdogl. UCeelind discase Wkﬁﬁ@npeqaltdndﬁébmwtypwmhmmmaﬂl SPOT in

t he sanme nann nd with PB m t he sa
%Jstglogy, pormalization ofo symptoms an HEmall intestinal histology with gluten

free diet.

Tissue typing: Tissue typing was performed using DNA extracted from EDTA-
20 anticoagulated peripheral blood. HLA-DQA and DQB genotyping was performed by

PCR using sequence-specific primer mixes®®.

Anti-endomysial antibody assay: EMA were detected by indirect
immunofluorescence using patient serum diluted 1:5 with monkey oesophagus,

25 followed by FITC-conjugated goat anti-human IgA. IgA was quantitated prior to
EMA, none of the subjects were IgA deficient.

Antigen Challenge: Coeliac disease subjects fol]owing a gluten free diet, consumed

4 slices of ghaten-containing bread (50g/slice, Sainsbury’s “standard white sandwich
30 bread”) daily for 3 or 10 days. EMA was assessed the week before and up to two

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



subj ects as described in Exanple 2. At least five of the peptides show

I mmunoreactivity conparable to the A-gliadin 57-73 E65 peptide (after
transgl ut womasestreatment) indicating that other gliadidr@depheans i N Wheat
are also 10 likely to induce this- Coeliac disease-specific immune response
(Table 4 and Figure 9). Methods Subjeets: Patients used in the study
attended a Coeliac Cinic in Oxford, United 15 Kingdom Coeliac disease
was di agnos ahrtesfreeidiet B dous weeks; m@mdt!;@iawuawi@témmmfoqufgy, and

normal i zat i f ﬁhﬁ ' I uten free
diet- -Ti ssugﬁt ?}pl %g Il ssue typl ng’l {hg&l%&g#orné@ usi ngw extracted from
EDTA 20 ant sixadaypul at ed peri pheral bl ood. HLA- DQA and DQB genot ypi ng was

performed by PCR using sequence-specific. primer mxes . Anti-endonysi al
anti body assay: EMA were detected by indirect immunofl uorescence using

pati ents ser n‘«mﬂnhm ELISPGT: rpmckm‘e PSR $0-108 M1 bOYehOToddy
FI TC-conj ugat ed goat anti-human_| gA. A was quantitated prior to EMA, none
th =

of the subj B:Fiso Ea‘l"ﬁﬂe@é}’i‘;ﬁqnéﬁﬁw%n CowsEs i ac di sease
subjects fo
j tes PR T Q@&@ﬁp@&ﬂaﬁ%ﬁﬁ%%&rﬁﬁuvﬁeﬂ 3\53% me

gl ut en- contalnlng bread "(50g/slice bury's "stan
30 bread") BbISPPTassaysfagsingle celhyes reUEﬂmfmhhaaéﬂeé@wdremhéoméhsxbgfore and up -

to two nont b bj ects who
had foll omegbm%%%%@%% @% ﬁ%@c‘b‘ﬁ%&wﬁ{’ Wse\@/ ﬁﬁét for four
weeks,10consMiliiglort)iddford MA) actbriing to tewthinnfyctateny msﬂ-uociéns (& described _
Por o furt nfers) wiiyesx” Nyl i PR Bk wil? BB ar o 1rom
50-100 M  ofer¢asresssd bidagﬂcat@wlil £ Ny doyavasiiveh 1BeraiHIbss Ailified blotgiat | On. After
t hree washes, PBMC were. resuspended in conplete RPM_containing 10% heat

i nact i vat eddssiyatrs (RED RF4gMSerom Jnsipuse: Gepsatiagen, Senmiprk) (20 ugdn) wegcr et i on -of

1FNy and | LplQadedsq RsikbOsdxRel i Sil 9Gayscomrer ci al kits (Mabtech; Stockhol m
Sweden) wi e P L ey 0 M T i por e,  Bedford, MY

accordiding to the nanufacturers instructions (as described
Peptides: Synthetic peptides were purchased from Research Genetics (Huntsville,

Alabama) Mass-spectroscopy and HPLC verified peptides’ authenticity and >70%
purity. Digestion of gliadin (Sigma; G-3375) (100 mg/ml) with a-chymotrypsin
(Sigma; C-3142) 200:1 (w/w)was performed at room temperature in 0.1 M

20  NH,HCO; 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 mm). Digestion of gliadin was verified by SDS-PAGE and protein
concentration assessed. o-Chymotrypsin-digested gliadin (640 pg/ml) and synthetic
gliadin peptides (15-mers: 160 pg/ml, other peptides: 0.1 mM) were individually

25  treated with tTG (Sigma; T-5398) (50 pg/ml) in PBS + CaCl, 1 mM for 2 h at 37°C.
Peptides and peptide pools were aliquotted into sterile 96-well plates and stored

frozen at -20°C until use.

Amino acid éequencing of peptides: Reverse phase HPLC 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



el sewhere9) with 2-5x105 (I FNy) or”0.4-1x105 (1L-10) PBMC in each well.
Peptides were assessed in duplicate wells, and Mycobacterium tubercul osis
purified p ‘86%% seaderivative (PPD RT49) (Serum InstitutepcCasanbeagen,
Denmar k) (2 n?) was included as a positive control in all assays. 15
Pept i des: Synt hetlc peptides were purchaged from Research Genetics
(Huntsville, Al abama) Mass-spectroscopy and HPLC verified peptides'

au; fr:1e ;lt iCi L y @1%, Appfied mu&ysiems Rs@estcty,%agém@) Hiti sbqeSbepfammeaiied 5) OI( 100
Wit a-C not r S n na. - at
?gom t enper at @5@\715 Wai)%q%ﬁﬂpi‘bas @ﬁPﬁﬁg&ﬁéﬁ' %Hﬁ%eqﬁ%fééﬁsge fter 24 h
by heati ng t%gﬁ%&,{ ed 10 L@#F@QPEL?&PQPQ@W fDJathcﬁhbeBf 13 90Reiduek0

In

m nutes), the |ge t supernatant was filter- sterilized (0.2 mn.
Di gestion of gummMemmlmmmwme@maE@%ﬁfrat|on

a1 adi n pept (b EopoESTupat SRR b e Reoleig evf9, BN ©

indi vidual ly 2 mceameeadnm hdid §e'li®r(cfﬂggiﬂ3amiﬁaﬁémﬁbnb(lﬁﬁlepgﬁ6‘)vas dnfﬁas + Cad 21

mMfor 2 h at 37C. tldsand petl t ed nto sterile
96-wel | pl at e%s (a/héFa%‘gﬁt‘@H° B‘etgé(?% %P?pmﬁ Va‘kﬁ’gﬁ%&l %equenci ng
of pepti des: ?, /e(lbiPLQ de&glduﬁﬁﬂntt&muwpéphee) 30 pept i de

resul ting from t TG freat rrent of A-gliadin 56-75. A single product was
identified and subjected to am no acid sequenci ng (autonmated sequencer

Nodel Vg 01/ 26543 FRER GREPR Rl hus 5 4oy Bl s o

|forn| a sequence o unno - was confl rmed as:
LQ_QDFPQDQ_ PYR@BOEMRaL, Oishh, Noway) wemaedsl@@owmmthmﬁhm imgubgted

o (o) BV APl R S el e o (1

conbi ned armU(mnoﬂfceué/mnmmuemﬁndng&aMdswmmmthsmgmagnema 4, 8, 10,
15 and 17 of the ami no acid seque am datlo attributable to tTG
was defi ned @SG%H%WOAHW°8(M§#F§E§’?SHNPH%° e RIS TEPOREPi de - %

deani datjion i YAl 8E-78 %k bilished byiBeubafitg MY BA I00GTIsAul) he
unt r eat e pep?[l‘é Bate Rg&:m and HLASCIe ass || aRest ri CSI on: Antji-CD4 or

anti - CD8 coat whnagﬁﬂiA-@R @é‘éﬁsmlmd RP 372 menpslonal prsibpdien 849 f our
times with Rph/g/xxgls]gtr}oéarg Cféﬁ%%l’a%ﬂe for one hour prior to the addition of peptide.

Example 4
20 Mucosal inteerin expression by gliadin -specific peripheral blood lymphoc

Interaction between endothelial and lymphocyte adressins facilitates homing
of organ-specific lymphocytes. Many adressins are known. The herterodimer a,p; is
specific for lamina propria gut and other pmucosal lymphocytes, and o®B; is specific
and intra-epithelial l.y_mphocytes in the gut and skin. Approximately 30% of

25 perpheral blood CD4 T cells express a4[3_-, and are presumed to be in transittoa -
mucosal site, while 5% of perpheral blood T cells express ;. Inmunomagnetic
beads coated with antibody specifc for o or B, deplete PBMC of cells expressing

. o®B, or ci®B, and o B, respectively. In combination with ELISpot assay,
immunomagnetic bead depletion allows determination of glia-din-speciﬁc T cell

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



with PBMC in conplete RPM containing 10% heat inactivated human AB serum
(5x106 cells/m) for 30 mnutes on ice. Beads were renoved using a nagnet
and cel lwowagsni ng counted. In vivo HLA-cl ass |1 restpcirgisogosrénf t he

I mmune response to 15 tTGtreated A-gliadin 56-75 was established by

I ncubating PBMC (5x106 cells/m) w+41-anti-HLA DR (L243), -DQ (L2), and
-DP (B7.21) nonoclonal antibodies (10 pg/m) at roomtenperature for one
hour pri or Interestingly ghitanichallepge iporind isl essociatedhwitiz rapidiaflitof G4, Ticellsegr i n

expression b liadin,.-specific peripheral..bl.qo hocyt I nteraction
bet ween en O%ﬁﬁgﬂagfnt%sﬂaaﬁﬁ%B@p{f@fngﬁxpﬁg—gﬂ@bﬁ5%@%:{[@{%%%5%@# ng of

Oor gan- specilfhphdcyidPEPeess &P, Many adressins are known. The herterodi mer

a4j 37 is specific for lamna propria gut and ot her nucosal |ynphocytes,
and a93, is sped&nmusomagnefidbeadsawerpprepased aid ussdtp deplgte EBMQifroine gut and ski n.

20D AT St 0 G 58 B Pl ol BB B3 2 1€

presuned to n-transi . . per pheral blood T
celI's expr qaglydSieonstr 1 FUERI Rpleted ap@atimate offiokifive Bhalogys speci fc for
g

0 or f37 deplete PBMC of cells expressin e07 or o] 3, and a4(37i
r espect i velwhile|fabeadsriiépleatd adlB,\positiveELDEF gellsa Depletion of FRNMCeipgdD4 bead
depl etion all ows determ nati oqulihof gliadin-specific T cell 30 addressin

expr essi on °F Rabeadnput nps GD8f or o' jrheads,abplishedzesnogses inythe interfaromgrmma sur f ace. WO

01/ 25793 PEIAGROIT AL in a Male|RVPR &g]p(ab invivo is
associ at ed%’lﬁ rapl_%@%*éipgﬁ%%w%gla%{%mg% ot efgéyé%@%gnﬁlttesti nal |am na
proprl@ ( neonsisténtly-afpditedin integrirsspeediy beadhtepletionser 90% | ynphocyt es express
a4(37. | munomagpetj c..bga repared and used to deplete PBMC from 5
coel i ac subj ect %srf&ﬂg?f&%%ﬁbg?'?%?&%fn?ﬁfﬂ%ﬁﬁa%a@“@? Mﬁ“ﬂ?ﬁ%l | enge.
FACS anal )bselﬁc_aﬁe@saiﬂr@wﬁiﬁ@gﬂ@agg, p16%RhtHnasAR Propiih CRI4e dens o of positive
CD4 T cells, while 17 beads depleted all 0,7 positive CD4 T cells.

Depl eti on d¢lfe mRlldntestingg CD4- or (3, beads, but not CD8- or oca -beads,

abol i shed responses in the interferon gamma ELISpot. tTG gliadin and PPD

responses were abolished by CD4 depletion, but 10 consistently affected by
I nt egts n- siBxampleSd bead depl eti on. Thus A-gliadin 57-73 QE65-specific T

cells induced a Jl.erl |l.utep challenge in coeliac disease express the
i ntegrin, " £ mna propria CD4 T cells in
Previous data testing peptides from 7 to 17 aminoacids in length spanning the
core of the dominant T cell epitope in A-gliadin indicated that the 17mer, A-gliadin

57-73 QES65 induced maximal responses in the interferon gamma Elispot using
20 peripheral blood mononuclear cells (PBMC) from coeliac volunteers 6 days after
commencing a 3-day gluten challenge. ) '

Peptides representing expansions form the core sequence of the dominant T
cell epitope in A-gliadin were assessed in.the IFN gamma ELISPOT using peripheral
blood mononuclear cells (PBMC) from coeliac volunteers in 6 days after

25  commencing a 3-day gluten challenge (n=4). Peptide 13: A-gliadin 59-71 QE65
(13mer), peptide 15: 58-72 QE65 (15mer), ..., peptide 27: 52-78 QE6S (27mer).

As shown in Figure 11 expansion of the A-gliadin 57-73 QE‘65 sequence does
not substantially enhance response in the [FNgamma Elispot. Subsequent Examples
characterise the agonist and antagonist activity of A-gliadin 57-73 QE6S using 17mer

30 peptides. . ' '




the snall intestine. 15 Exanple 5 Optimal T cell Epitope Len tgth Previous
data testing peptides from7 to 17-ami noacids in | ength spanning the core
of the dom Rgghikrssel | epitope in A-gliadin indicated thatpchoddi¥ey .
A-gliadin 57-73 QE65 induced nmaxi nmal reg ?onses in the interferon gamm

El i spot using 20 peripheral bl ood nononuclear cells (PBMC) from coeliac
volunteers 6 days.sadé€r comrencing a 3-day gluten challenge. Peptides
representing eTpﬁl’%s ons formthe core sequence of . .the dom nant T cel |

epi tope in A- gComy : 8 QE65 : HOIGTE S

peri pheral bl oo nonucl ear ceI S (PBNC) from coel I ac voI unt eers in 6
days after 25 %ﬁ#ﬁ% a 3-day gluten challenge (n=4). Peptide 13:
A-gliadin 59-71 QE@Jose (chpoime smdieeptriegerfdrmed uiing gepideoorbipondingto . ., pepti de
27 52-78 QEGS (27rer As shown in Fi 1 expansi.on of the A-gliadin
57-73 QE6% seqmﬂdéf 94 trapsglutamigaseATe ‘gil’m‘ ehegsRonding vk sell spitopgof

| FNgamma El i sp W nd

ant agoni st act VI ty of A- géll%%{gili%ﬁg@?@%fﬁﬁ%@ﬁéﬁggﬁ%%?&gg@%g&cﬁd WO
01/ 25793 PCT/ CRepHB8Y B(peptides werdexpresied aspeleanpefi tesponsedp Asgligdinaif-73 57- 73 OE65
wi th ot her t ct.ed e | ac di sease Dose response
studi es were pglég r{%@a""d Wefg%%@??@%?‘?gé‘ﬁon@g‘hg to 5 unnodified and

t ransgl ut am nase- tr’H&tmﬁmsemmwieﬁamgﬁaﬂﬁpmm QB6S & the madtipotep gliagias of

gl uten- speC| fic T c cl ones angd |ines frgg%@gltsestl nal bi o e coel i ac
subj ects.l Resb‘?i’ﬁg% rl“lﬁ‘“ﬁ'éﬁi‘t‘?d’& e EAmAin ROt 3538 YEine a?é@&lﬂ‘use to
A-gliadin 57- 7§&er§ﬁe‘ichéﬂlén ég;be?%hﬁsl %H%b@@mdmmemmmd The
studies indicate that A-glia 73 65 is the nost potent gliadin 10
peptide for i nepitopesse sﬂbopmm@lrffasmews pfiatear peptidesd ecgiipdin Swéézﬁ%égp dg
coeliac PBMC I e s 5 and
6). The secondéia'?}]?—tv"ﬁ-lh{%mcipﬁ?gf)}l%taoslf)lgls%aaEgegisSlgé:%gddF?na][sjogl a’g"n‘%ﬁ@”o jlvgrger
peptides i.e.  fapplokiatitely 5/20%7 8 £pEGSascAgliadBDFW TINQEAT afeg dl@k icabsttotedE92. The

pl tope I1S onI y n‘odX 51 Xm?b%ﬁés‘é is more potent than other known T cell epitopes in

coeliac disease. There are 16 polymorphisms of A-gliadin 57-73 (including the

sequence PQLPY) amongst sequenced gliadin genes, their bioactivity is assessed
next,

20  Example7

Comparison of gliadin- and A-gliadin 57-73 QE65-specific responses in peripheral
blood

The relative contribution of the dominant epitope, A-gliadin 57-73 QE6S, to
the total T cell response to gliadin in coeliac disease is a critical issue. Pepsin-trypsin
25 and chymotrypsin-digested gliadin have been traditionally used as antigen for
development of T cell lines and clones in coeliac disease.- However, it is possible
“that these proteases may cleave thfough certain peptide epitopes. Indeed,
chymotrypsin digestion of recombinant a:9-gliadin generates the peptide
QLQPFPQPELPY, that is a truncation of the optimal epitope sequence
30 QLQPFPQPELPYPQPQS (see above). Transglutaminase-treatment substantially
increases the potency of chymotrypsin-digested gliadin in poliferation assays of



(approximately 1/20' as active as A-gliadin 57-73 QE65 after blank is
substracted). 15 A-gliadin 57-73 QE65 is nore potent than other known T
cell epitwpes2sres coeliac disease. There are 16 pol ynopphcsowesain A gliadin
57-73 (including the sequence PQLP¥j3anongst sequenced gliadin genes,
their bioactivity is assessed next. 20 Exanple 7 Conparison of gliadin-
and A-| i adghaditrspegificdoslsfomes dnddines Jifepns densighutgminasphteeniai. bl ood The

relative contribut.ion of .the.dom.nanf .epito A-gliadin 57-73 QE65, to
the total y@éqtfyp?%ssﬁnb%eﬁtg%gﬁ%“b&%&ﬁ#@ﬁ%’d’é’?&a@ ‘ﬁ%’i@ta critical

| ssue. Pepsésporiséy/gainst thid mikeiek madpyappiokiniite the oGP SupBetifipapterdiave been
traditional|y used as antjgen for devel opnent of T cell |ines and clones in

coel i ac di 8654 &ympheqs specific for; gliadin.s Cpmpansor plrespopws againss Acglisdin nay cl eave

t hrou Cekiyat j ] I . | l,gestion of
reconb@nan?ﬁZ%@ﬁ%?#g%ﬁggﬁ%ﬁg%ﬂﬁgw%_qg%%%géf %, that is a

t runcat i on cesftripution of thi epifope todbriesrerdl iBguae GRFRGPE FINEIQNOS (see
above). Transgl utani -treat nent substanti all i ncreases the potency of
chymot 1y ps o Sk 48 oo brRRIRNS of MRiRpE gl S| 0% 0f "W 01/ 25763

PCT/ GB00/ 03760 PBME apllecét o duy S 7iaftercotmiehcifig giofa chdlléngd inds. Hence,
transgl utam nase-t{reated chynotrypsin-digested gliadin (tTG gliadin) may
not be an FRRHAP SUbjClsJuate asgerped ée%awg@@eaégﬁ%%m& Hymofrypsinydig |

appr oxd mat gii{dhe-+/- VG GbatmBMERE EorRfarddBlitH SIS Aot respbmedltol M 'SpRAGYt € specific for
gliadin. Conparison of responses against A-gliadin 5 57-73 QE65 and tTG
gl i adi n i ncqusentratipmpbA-ghiadin p7-7p QESS 25 mogmi} 2 ¥ TG tresmentinf glizdimt r i but i on of

t his dom ng@{an i%@@ ' @oﬂ_ iadin in coeliac
di sease, an af‘e?o e éésﬁr%&asg‘ﬁflgyﬁﬁgéﬂttla pe SS{‘*@; [ ngﬂtg%@ col |l ected on day
6 or 7 aft eompanabletodilanyy whien bsessedalbdrned (sgeFigured3a-chdhitledfoundopléact s wer e
assessed in.,dose_response.s | | h t.rypsin-di geste 10 gliadin
oSS | B R I RS RBLBR L S5ts 10 0! e
concers r at asi 18% thodd of 8T BlidiTn (580 tlcB/nly, dEdMbE kfthter thd Idepdaset Aent of gl i adin
enhanced PBMC, r es%c()nﬁﬁé in the ELI Sgo,t approxjmately 10-fold (tTG was :
conpar abl e Bhadinp 75 A Qlif the geegies propory ‘bﬁé‘)"rggtﬁﬁi?ﬂ TG gfisdingesponss. t he f our
coel i ac Relatively limited data suggest that A-gliadin 57-73 QEG65 responses are

comparable to tTG gliadin in some subjects. Epitope spreading associated with more

evolved anti-gliadin T cell responses may account for the smaller contribution of A-

20 gliadin 57-73 QE6S to "total" gliadin responses in peripheral blood in some
individuals. Epitope spreading may be maintained in individuals with less strictly
gluten free diets.

25
gliadin 57-73 _
Overlapping 15mer peptides spannihg the complete sequence of A-gliadin'
were assessed in order to identify the immunodominant seqixence in coeliac disease.
- A-gliadin was the first fully sequenced alpha gliadin protein and gene, but is one of
30 approximately 30-50 related alpha gliadin proteins in wheat. Twenty five distinct
alpha-gliadin genes have been identified by searching protein data bases, Swiss-Prot




subj ects studied, A-gliadin 57-73 QE65 (25 ntg/m ) elicited responses

bet ween -14 15 and 115% those of tTG gliadin (500 ncg/m ), and the greater
the response to A gliadin 57-73 QE65 the greater proportion it represented
of the tTG JYQUPH3response. Relatively linited data sug§EHGBEMEF6
A-gliadin 57-73 QE65 responses are comfdrable to tTG gliadin in sonme

subj ects. Epitope _spreading associated with nore evolved anti-gliadin T
cell respons@sd m%mbﬂ%ﬁ‘ﬁﬁﬁ Satphargliading renipied Wit fhese 250 gl i adin

57-73 QE6S tg 'iaa.giie&iﬁs, HekPfk U6 HiSHROPSGRoipRishS bf b §&Aknda cBR& pbRkiSO!
I ndi vi dual s. [Epl ope spreading may be maintained in individuals Wth |ess
strictly gl ut-gliadix £273(se¢ TableRanpl e 8 25 Definition of gliadin peptides

bi oactive in coel i;ac,di sease: pol t phi - i .ad] 7-73 Overl appi ng
15nmer peptides spgﬁ’ﬁﬁh%bcqeﬁi&@(gﬁ%‘fsé?@m%zt&%g%gg%M%@%g%?%% wer e assessed
in ordersto ideetiffey forhe afidimfemadoniitdoiins gt ein vitra; acveldgs wits ease.
A-gliadin was the first fully sequenced al pha i.,adi n, protei n and gene, but
i s one of 30 E&EHP@QP‘H’QPW%EQSE@“(IQI M%F?I‘Qg{?lméélﬁﬂﬁsatggﬁ@q n wheat .
Twenty five digldedabing PRRCHShIcAE AR s nbYRiaRly BARWirgdedlbted Feslaibly sear ching
protein data bases, §§v| ss Prot "WO 01/ 5793 PCTyGBOOI 3760 -44 and TREMBL
descri bi ng a dapbion@mafier gitemebaljengedn interfemnaamnediL1opat assays: Kdutamats-

al pha- gl i adi ] | Sti I ' f
cor espondi ngReuisd Srpfas wite SuliEh uR SHBABIGE. £ 25 uRE 25FLIREE
;:or r ;as pm?di n ?xﬁtntndiihdglept;kﬁ apd)trgmglpnhﬁn_mtss-;reé,tm paptil&lmtwm:sisﬁﬁcb.t 2Hrm ?f ter
reat nent wi ran amnase in vitro,, as well as w ..g] ut.amt e
Subst 1t ut ed. ARCEIBLORT GHoRg iR it GHFEed 17 Oronte RAgHATHARISES ver o
assessed usi ng-FRbEsT IPREERE I individidliseijbdis (nR9). (Bd Bigh4). | owi ng a gluten free

diet, day 6 or 7 after gluten challenge in interferon ganm ELI Spot
assays. Q ut anat e Bieaghuty ofumald-tyneppentides wes subytgrighly ingreaged (pi-fald) by

concentratio : atam s ARG &l RERLE
t rausgl ut am %S{é@etn?‘evgtae eé@gaesgp%ar%eélassessed at “E?W‘mgﬁ’npgpgﬁﬁ‘g.
Bi.oacti ¢bty weslted prteemtivitpsimilargé thatsftbesamepeptides substitutadivith/glathinaigi N 57- 73
QE65 25 ntg/m _in.indjv.dual..subject Wﬂl . (See Fig. A4 §yBi‘ tivity of
“wi | d-type" &Bﬁ‘%%”&gﬁ‘é‘?%%fﬁﬁ %%‘@éé%g‘gé’%%f’%ﬁj%gc’ 5,

were >70% that of A-gliadin 57-73 QE65 (A), but none was significantly more

bioactive than A-gliadin 57-73 QE65. PBMC responses to glutamate-substituted

peptides at concentrations of 2.5 and 250 mcg/ml were comparable to those at 25
20 meg/ml. Six glutamate-substituted gliadin peptides (H, §, J, N, O, P) were <15% as
bioactive as A-gliadin 57-73 QE65. Other peptides were intermediate in bioactivity.
At least six gliadin-derived peptides are equivalent in potency to A-gliadin
57-73 QEG6S after modfication by transglutaminase. Relatively non-bioactive
polymorphisms of A-gliadin 57-73 also exist. These data indicate that
25 transglutaminase modification of peptides from several gliadins of Tricetum
aestivum, T. uartu and T. spelta niay be capable of generating the immunodominant
T cell epitope in coeliac disease.
Genetic modification of wheat to generate non-coeliac-toxic wheat is likely
require removal or modification of multiple gliadin genes. Generation of wheat
30 containing gliadins or other proteins or peptides incorporating sequences defining
altered peptide ligand antagonists of A-gliadin 57-73 is an alternative strategy to



treatment with transglutam nase. Transgl utam nase treatnment of wld-type
peptides 15 resulted in bioactivity simlar to that of the sanme peptides,
substituted with glutamate at position 10. Bioactivities of five

gl ut amat e-XQB¥EYPut ed peptides (B, C, K, L, M, were >POUSBHSTG60f

A-gliadin 57-73 QE65 (A), but none wagssi gnrfrcantly nore bioactive than
A-gliadin 57-73 QE65.- PBMC responses to gl utamate-substituted peptides at
concentrat i Eﬂ@ra@ﬁ gepeticalin thodified mbeat that ischerapentinrathadthsn tondidid@anat 25 20

ncg/ m . er maesubstrtuted gliadin peptides (H, I, J, N, 0, P) were :
<15% as bi 63 &"?T’\}ée as A-gliadin 57-73 QE65. Qther peptides were i
internmediate in bioactivity. At |east six gliadin-derived peptides are ‘

equi valent in potency to A-gliadin 57-73 QE65 after nodfication by :
transgl ut amEr?%@@—gR' el atively non-bioactive pol ynorphisnms of A-gliadin. |

57-73 & so @Qfﬁtﬁ;n'ghggﬁﬁﬁg&gﬁggng@:te t hat 25 transgl utam nase nodification |
of peptides Tromseveral gitadins of Tricetum aestivum T. uartu and T.
spelta may be CMmmofmmmmgitMﬁwiwmwaslfmpi tope in
coel i ac dis i,on of wheat

non- coel i ac- oxr c(é(?\r\;t1 [a‘*lﬁalr}&ﬂc %ﬁt eecﬁﬁfﬁpguefl‘é“h’gl\}g‘?? ?Pbtﬂi"?‘?catron of :
mul tiple gIPEEI?Yi(@-gﬁaﬁnGGGKDerﬁatempnt@ﬂeﬁH&Q@h—a@&tM&hﬁ Siistdwiipdi ns or ot her

proteins or t| des | n ating sequences defining aI tered peptide
ligand ant &% %“t‘?’&‘t %C&%Pa{wﬂmts#ewswesﬁtrarl#‘&s#wmbmmt egy to WO -

01/ 25493 Pczgnmgytg&zggamﬁg generate genetically nodi fied wheat that is
t her apeutic rat her than non-toxic" in coeliac di sease. Exanple 9 5

Definition of g icorsgspording e Wegliad B Ty3rQEGS Wil algnine (Fignss Byor espondi ng

that  the colad Q"q%ﬁr, oy et st B of P SlEber b Heeimmat, ci- ooy .
Attenpts toEHSPDﬂ‘elsmg)pmal;mirbdnod m:dmmmaagﬁblal(BBMCMbin cotliac wSlufderyar i ants of

A-gliadin that aesubstrtut at ues t hat antially 10 contribute
toits bi oag(;?y\sh 7 COBESPrRS gﬁ’(@@ iﬁ’glle (I ?s BH3 QE65 with

al ani o6 (Frg;ia&mslle QEGS Q;LQPBBQPELM@Q@ substituted for residues 57 to
73 were corrpare Ift mma ELI SPOT usng peri heral bl ood

nononucl ear ceI F?? uebRaespondipg tni-gliadin 60-70 Q
(PFPQPELPYPQ) contribute substantially to the bioactivity in A—ghadm 57-713

QES65. Variants of A-gliadin 57-73 QE65 substituted at positions 60-70 are assessed
in a 2-step procedure. Initially, A-gliadin 57-73 QE6S5 substituted at positions 60-70

20 using 10 different aminoacids with contrasting properties are assessed. A second
group of A-gliadin 57-73 QE65 variants (substituted with all other naturally
occutring aminoacids except cysteine at positions that prove are sensitive to - .

modification) are assessed in a second round.

25 Example 10

Agonist activity of substituted vatiants of A-gliadin 57-73 QES5-
A-gliadin 60-70 QES5 is the core sequence of the dominant T cell epitope in

A-gliadin. Antagonist and non-agonist peptide variants of this epitope are most

likely generated by modification of this core sequence. Initially, A-gliadin 57-73
30 QES65 substituted at positions 60-70 using 10 different aminoacids with contrasting

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




6 days after commencing a 3-day gl ut en chél'l enge (n=8). [BL is blank, Eis
A 15 gliradin 57-73 QE65: QLQPFPQPELPYPQPQS 1: It was found that residues

correspondi zgliadin 60-70 QE65 (PFPQPELPYPQ cont pi-Bek&insteo
substantiall%”b%s e bioactivity in A g_I{é;\di n 57-73 CQE65. TG
|

A-gliadin 57-73 QE65 substituted at positions 60-70 are assessed in a

2- st d Laf = gk hadl - 5 | . posi tions
50- 70" 20, usi o g s AeYearfngy U8 e fiafen SR beBbitidbid b ol OF
assessed. A se&0er3EGH aripnts (substihtedieritin alb dtheihatirdlly ocenrriag bminpscitkst i t ut ed

ith all oth . | | | I d ept cystei ne,at, positions
that prove ar CPOEh ST ot BB TR RET alte sssraed, uelb mibs of BepSsse il r ound.
25 Exanple 10 aﬁQOBithﬂ,éiﬁfdhyliidaté)%ﬂ%h%@%%ﬁr@ﬁ%&u@&t@aﬂi ladin 57-73

OE65 A gliadin 60-70 QE65 is the core sequence of the dom nant T cell
epitope i A A-gmpawd to thayemedifipd peptide| (2 senlisgeses essppp Freviows sudigmt s of this

epitope are icath | %ﬁggr A b 5% Bksk tH & .sequence.
Initially, A[Tgﬁ?lga(}%%h% ¥9 c@%@“@& stii tgftlge%; at pggi t Piotﬁlss%%r&?}% using 10
di fferent ani rhesgeeddOwnd HOCmweg/mhsti ng properties will be assessed in the

| FNganma ELI SPOT ugj ng, PBMC from coeliac WD .01/ 25793 P /03760 -46
sugljgects 6 days a??@?‘ag‘taéeﬁxpﬁeés %wa%ﬁemogﬁe%ﬁgcﬁ?%%g%@obnd group of

A-gliadin 57-&813%65mw&1mt% AGGlS_bSBi)QEGSQGEaH\I:késbonQE inGéfbnggﬂivnﬁfau: ri'sll ly
occurring am nqQaci except cysteine) at positions 61-70 were also
assessedgoB_ot hURRag e steds Wb'g?ﬁ ‘i‘%@? mgue-%lB%@T FrepPnies of mpdified Reglides) were
assessed usi NG {ABNE; 5795068 U B agoridiCivere QERHRA A Ravirk: 4 SBatki8REhde €d
peptide (20 replicates per assay). Previous studies ‘"indicate that the

opti mal concerthamdi@h7-FHREAS gt 4 lgvitl of Sgnifiemarep<0P11 partial agenisys aschavingt ween 10
and 100 ntg/m

e, 100,/ RNk 0 S0 #208%s 5 SR AARRARIS RO BE e DK™ 10,
i ndi vi dual . 10agohis@aias being not sigaifivamlyl différent (Eeacd 1Y) Grombimdkr (buffdriwiifiolit r esponses
of T 189 PepLL 5o AN & © 2l Lo S0 0o i Wi JEHERBEY | 10,25
of p<0.01; paryirakomlefed ¥iitaBIe” Pl b8 norRadoRBRAH Bdeds Iruntadahlsthy detivify /3 QE65
at a level of significance of p<0.01, and non- :
(see Table 8 and Figures 17-27). '
. The IFNgamma ELISPOT response of PBMC to A-gliadin 57-73 QE65 is
highly specific at a molecular level. Proline at position 64 (P64), glutamate at 65
20  (E65) and leucine at position 66 (1.66), and to a lesser extent Q63, P67, Y68 and P69
are particularly sensitive to modification. The substitutions Y61 and Y70 both
generate super-agonists with 30% greater bioactivity than the parent peptide,
probably by enhancing binding to HLA-DQ?2 since the motif for this HLA molecule
.indicates a preference for bulky hydrophobic resides at positions 1 and 9. Eighteen
25 non-agonist peptides were identified. Bioactivities of the variants (50 mcg/ml): P65,
K64, K65 and Y65 (bioactivity 7-8%) were comparable to blank (7%). In total, 57
mutated variants of A-gliadin 57-73 QE65 were 30% or less bioactive than A-gliadin
57-73 QEG65. _ .
The molecular specificity of the peripheral blood lymphocyte (PBL) T cell
30 response to the dominant epitope, A-gliadin 57-73 QE65, is consistently reproducible
amongst HLA-DQ2+ coeliac subjects, and is highly specific to a restricted number of



agoni sts as being not significantly different (p>0.0 1) from bl ank (buffer
W t hout 15 peptide). Peptides with agonist activity 30% or |ess that of

A- gl i adi Nyl AdesELBS were considered "suitabl e” partig) gonl st s to
assess for antagonistic activity (seg\ Tabl e 8 and Fi gurg;sbrnf&gg .

LFNgamma ELI SPOT response of PBMC to A gliadin 57-73 QE65 is highl y

specific at,a., r osition, 6 I utamat e at
65 20 (E65) ang&}“g&%lh%em%te]v%%%o{ onbg%'“(%%éf amanglm‘li “ﬁf@f&? din ont Q3,
P67, Y68 anfi/-FbQE6Sare cpasistandy hen-bgonisesis all HLA-DQ2Foskliat ubjéc®n. The

substitutions Y61 and Y70 both generate super-agonists wth 30% greater
bi oactivity than the parent peptide, probably by enhancing binding to HLA

DQ2 since tipgampieinli for this HLA nolecule indicates a preference for bul ky
hydr ophobi ¢ "resi des at. pOS|t|ons | and 9. Eighteen 25 non-agoni st peptides

wer e i @ent i fAntagonistaghivity ofisubstit s variants (50 ncg/m): P65, K64‘ K65
ﬁﬂ?a?gg \(/glr ?Z(r:tt sﬂowﬂzéﬁﬁl adin g%??@%&%@%%%&%rgf 8%?6%2% ?l/e t han
A-gliadin MBQQEG&ha&'Hmeamhggedtssthat&haed peptidé ligantls (AdH.)pqiabWr al bl ood
5975 Cos, SAESHmR EDMA P T Bro it St Boustons ERL I Rl et ey ac
PCT! GB00T 03780 4 o namet e et he eore: “&??hﬁﬁ%‘?ﬁ%& *‘@“éé%‘*?a?ﬁ’ 019

si ngl é%ani GERseves singlepminggridAubatitted veriany of A-ghedin 5773 QESH 3itht ent | v
non- agoni st gohiat Aility S04 Xk hﬁ%éeﬁ?ﬂeﬁﬁ@dﬁﬁ&&es ?@h&dﬁé t agoni st

activity of "substituted variants onogeneity 0 cell response

to A-gliadiantagpnisg. fraldition, ceppin woaldy bivacsive asturily cemming pplyowirphisnhat  al t er ed
peptide i ;] t. NC.ex viy exi st
even t houg%ﬁt}ﬁ'gl Hljfgﬁﬁﬁrmgse%%ﬂ]s’g&l@&gﬁ cﬁg}eybe%ow%%d%yy ?ﬁ“ﬂ%ﬁ go- cl onal .

APL ant agomesmmgmplg autagonistsy Iummsagamsﬁgg%ste&ﬁaﬁo&tpyummlﬁdtﬁgl e
mnoig i tuted vari.ants of A aaﬁ 57-73 QE65 with agoni st
activ meyAl80 plaganise AnHecnsspReifie imrqune, Heach, pogseliading " dat es as .

APL ant ag S48 that 8o AétGhducOIENgaRiad oﬂt@ﬁiﬁlckselﬁb?BMG ¥er3Rktat @l | y occurring
pol ynor phi ?nlg of A-gliadin 57-73 bsg have al so been i dgﬁ{tl fied (see

bel ow) and q@a@eng@butﬁaqlgpyp |t(g/bmd to HLA. DQ2 may be capable of reducing T cell
responses elicited by A-gliadin 57-73 QE65. Two peptides that bind avidly to HLA-

DQ2 are HLA class 1 o 46-60 (HLA la) (PRAPWIEQEGPEYW) and thyroid
20 peroxidase (tp) 632-645Y (IDVWLGGLLAENFLPY).
Simultaneous addition of peptide (50ug/ml) or buffer and A-gliadin 57-73

=
-

QE65 (10pg/mtl) in IFNgamma ELISPOT using PBMC from coeliac volunteers 6

days after comntencing 3 day gluten chalienge (n=>5). Results were expressed as

response with peptide plus A-G 57-73 QE65 (mean of duplicates) as % response with -
25 buffer plus A-G 5 7-73 QE65 (mean of 20 replicates). (See Table 9).

Four single aminoacid-substituted variants of A-giiadin 57-73 QE6S reduce
the interferon gamma PBMC ELISPOT response to A-gliadin 57-73 QE65 (p<0.01)
by between 25% and 28%, 13 other peptide variants reduce the ELISPOT response
by between 18% and 24% (p<0.06). The HLA-DQ2 binder, thyroid peroxidase (tp)

30 632-645Y reduces PBMC interferon gamma responses to A-gliadin 57-73 QEBS by
31% (p<0.0001) but the other HLA-DQ2 binder, HLA class 1 o 46-60, does not




occurring"” APL antagonists. It has al so been suggested that conpetition for
bi hding = 15 MHC nay al so antagoni se antigen-specific T cell inmmune. Hence,
non- gl i adi nvﬂ?ﬂh fggs that do not induce | FNgamra responsesci/gpémdhdoac PBMC
after glute | enge but are known to bind to HLA-DQ@ may be capabl e of
reducing T cell responses elicited by A8gl | adin 5773 QE65 Two pepti des

that bind avidly to HLA- LA c)ass a 46 60

( PRAPW EQEGPEWIYF f&*ﬁ&ﬂ%?F%“?é? B{QF Biﬂt’éag‘émts?‘b‘) ng4sa ﬁ“*‘m

(I DYALGGLLAENG A¥ied p &ﬁ&?lﬁéﬁ@@pﬁ 57.9%8, mxsmtab&@sxdﬁmoga(oms en-9huf fer
and A-gliadin 57 73

in IF amma ELI SPOT usi na PBMC from
coel i ac vol untQB90s (MPWW%QP&SWH@M@P@S%‘? ApeligdimSTHRREENBR (n=5).
Results were S se with peptide plus A-G 57-73 QE65 (nean
of duplicat es)eiég"ségﬁw%g%eﬁ big Hﬁ: 25 buffer plus A-G 57-73 QE65 (nean of
20 replicagtes). (Segedabi gm&hareEpmaesﬂBBMi: -ghadia §7-330E65 in EIISPOT | ant s
of A-gliadin 57-73 QE65 r uce the |nt fer.on. B PB | SP response
to A-gliadin Bysaysaepssyc 6\%"5‘ %&f %’%ﬁ%%er pepti de
variants redugsedsiGribts %%@M&laﬁamsm- xdlbsvmeznss&%daﬁdnr%%d(naﬁn& 06). The
HLA- DQ@ bi nder; thyroid er oxi dase 30 632-645Y reduces PBMC interferon

gamma r espons deown tobigh RQB jn free- cgss- Thesefinding sugsestfhappfferedhe ot her

HLA- DQ2 bi nder i 6, 5\/&?18@1 g&ggp‘m% 0/ 03760
-48 alter resdjeﬁses g%tsxe%ﬁa,égg%%gj& Ql?ﬁg%zntl de cor rlgspon in tgﬁg;
transgl utam nmmgomslbﬁnalmb ceundiy peptides tbmbmd mym%lbifﬁcsvdwtﬁdu@vﬂﬁis'ﬁr ot

accessi on no. 04725 8 FPPELPYPQDQS) reduces responses to
A-gliadin 57- @Bgnsﬁil%‘ighf%%’%gg ‘(see Table 11). 5 Interferon gama
responses of PBNC tThedt fitl il inibpbré tWSstidpes itdinkdnnBREY T calt smpamsatoghe educed by
co-adm ni stration of certain, single- am noaC| d A—gl iadin 57-73 QE65

variants, a p %@ﬂﬂﬁﬁr&bﬁ*ﬂ@fel’!ﬁ@@m% 4%nd an unrel ated pepti de

known to bind HL nlifhtibh YEAPL hta oS m@m falisbiabidls StEHE Ban bR
altered pepti de’i\l :@%‘ d&gnt agoni sts” of %Z-E’;fll adin 57 73 CQE65 exist. Not only

putativelSPL 10 antprasition €ds57htor usd asdtreditionsd"rpeptids phaemacewicals o fo HLA- DQ2
effectively reduce PBL.T cell S 57-73 QE65. These
i nai BT sl nel SRR ER A, e h P

findi ngs support t gi'e 0o1n ell response to the
. 2. Use of high affinity HLA-DQ2 bmdmg peptides to competitively inhibit

presentation of A-gliadin 57-73 QE6S in association with HLA-DQ2.

20 These two approaches may be mutually compatible. Super-agonists were .
generated by replacing F61 and Q70 with tyrosine residues. It is likely these .
super-agonists resulted from improved binding to HLA-DQ?2 rather than
enhanced contact with the T cell receptor. ﬁy combining these modifications
with other substitutions that generate mpdestly effective APL antagonists

25 might substantially enhance the inhibitory effect of substituted A-gliadin 57-
73 QE6S variants. .

30



dom nant A-gliadin epitope in HLA-DQ@+ coeliac disease. 1. Optim sation of
APL ant agoni sts by substituting am noacids at nore than one 15 position-
(64-67) fwoolysperas "traditional” peptide pharmaceuti capgye 067!ﬁ960 specific
genetic nodification of gliadin genes, in wheat. 2. Use o}‘ Igh affinity
HLA- DQ2 bi ndi ng peptides to conpetitiVely inhibit presentation of
A-gliadin 5S¢ 2408865 in association with HLA DQ2. 20 These two approaches
may be nut uﬁ@‘m‘r‘mati bl e. Super-agoni sts were generated by replacing F61
and Q70 wi t Dete i 10 } bt liaBin[FFL7330KEE St S

] ..enhanced cont act

elnition. o

substituti opg &Bﬁ&n@@ﬁﬁfe'ﬁlﬁdi aichatiagldfseski ve APL ant aoni ss 25 m ght
substantial 'y enhance the inhibitory effect of substituted A-gliadin 57- 73
QE65 variants. 3mdygtopof rsponsiveness teedogiraabA-gliadin Troell gpitape 2 Devel oprrent

of interfer Bﬁggg@ I-§@g t%m!:ggi @Eﬁ%ﬁ | agli 7 65 and P04724
84-100 CEQZPgs a |g§hos |-E:n or-coellac gp%@@é%sa%g%%?%ﬁ%f | mune-

r esponsi venagest atl DQ2+ yoetiaasyhiests flibodig wlonglienn atsiet gutknftescdibt(GFDI) :
responsi vengss {o,t dog nant A-gl i adi cell epitape in _.PBMC measured
in the int eg"fté'lp Whﬁﬁswﬁﬁﬁ‘gﬁf“ ?I%V\%eﬂﬁigmg@ﬁﬁﬁ Qe A-gladl} pst al |
D2+ coel i a§7-931QEES tépdrdbd @¥hdtGnedsurbldin PBMIC of édefidc sibjebteBetbrece di et ( GFD)

but not in healthy D@+ subjects after 4 weeks followng a strict GFD.
A-gl i &fi n évmshﬁhese@éyaa@@shaawsﬁwmgmsmas RldmEk® of coel i ac

subj ects befot@reliGn BENEEEF tnhelidFReaca N thed ik slatf RN RodtiIdRSLsED t hese

responses could not be nmeasured in PBMC of untreated coeliacs. These data
suggest t haimmynecresriohsivendssde Asgliadindi i3 QESIprestoreddoltozeng antigery| | adi n 57- 73

QE65 is res f i . | 4s] FD).,. e fea.di agnostic test

Is to be de%[ugggéehggﬁégghag@g%ﬁ %}%s&aéiélg‘;r}g Q‘gggkﬁélil .'mlt & s?i’g?} eable to

defi ne the PBMAY itdsdesfredbieo defipeitheadhrdiioh of GFDI raquired b&foretphittrenge i s capabl e

foi i t -gliadin 57-73 OE6 ! - ti

o N0 R St ko3 o . Fon 875 QB8 Log ipgunor eact 1 ve
immunoreactive gliadin peptides in blood.

M

Newly diagnosed DQ2+ coeliac subjects were recruited from the
gastroenterology outf)atient service. PBMC were prepared and tested in interferon
gamma ELISpot assays before subjects commenced GFD, and at one or two weeks

20 after commencing GFD. Ii addition, gluten challenge (3 days consuming 4 slices
standard white bread, 200g/day) was performed at one or two weeks after starting
GFD. PBMC were prepared and assayed on day six are after commencing gluten
challenge. A-gliadin 57-73 QE6S (A), P04724 84-100 QE92 (B) (alone and
combined) and A-gliadin 57-73 QP65 (P65) (non-bioactive variaat, see above) (all

25 25 meg/mt) were assessed.

' All but one newly diagnosed coeliac patient 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 to A-gliadin 57-73 QE65 and P04724
84-100 QE92 (alone br_ 'combined) that were not significantly different from blank or

30 A-gliadin 57-73 QP65 (ri=9) {see Figure 28). Gluten chalienge in coeliacs who had.
followed GFD for only one week did not substantially enhance responses to A~



New y di agnosed DQ2+ coeliac subjects were recruited fromthe
gastroent erol ogy outpatient servi-ce. PBMC were prepared and tested in
interferon wgggg@ | Spot assays before subjects comrencecpcaidnoeadrgo at one
or two weeks ‘af'ter commencing GFD. I n addition, gluten challenge (3 days

consuning 4 slices standard white bread®-200glday) was performed at one or
two weeks after starting .GFD. PBMC wer ared and assayed on day siXx
are after comgbpin ﬁb@g%ééﬁif;l’waﬁF‘éﬂ‘é@Qﬁﬁéﬁpﬂa&f?ﬁ@’)@’#@ &%@“ﬂ), P04724
84- 100 QE92 ( BhailefibDiredtd b bBintAEthg SIS i ltbdbdboints 13A GRS 6743)

var

(non- bi oactive ant, see above) (all 25 25 ncg/m ) were assessed. All
but one new y QE6igndBe4724 841100093 (alenrorgpmbined) thaf yigee signifiqantly greater,—1 1) .

PBMC from newl i aghased..coel i . , 1 or 2
weeks fol | ow %‘“&b&&g‘ﬂ“ﬂ% e‘éﬁ%‘&\‘?\/‘c‘?‘é‘s‘g‘g}r‘éﬁﬁ ?ggﬂ%ﬁq?é@?rf‘ 1glou 3&]%65 and -
P04724 84-10Q 4fedr glutenhalbeng atrRowideks vette sulstantisidheysapgedr fto baless y
different fromblank . or 30 A-gliadin 57-73 n=9 see,.Fi. 28) .

G uten chal | eﬁ?émﬁumw?%@tga@%&%mmm%%s’éb@ﬁ&’o‘ﬁﬁa‘gﬁg&’a%ek di d
not substanti ghhes a@éﬂé%@e%ﬁﬁkﬁfﬁ?ea&&ﬂﬁn Snkeso PO37AGH. ([HB0QERI6e - 50
gliadin 57-73 65 or P04724 84-100 QE92 (alone or conbined). But gluten

chal | enge 2 weskdenmixed vitbnhehadin§7-3: QB4 dNpapfdle subiepts sEREEERSAA- gl i adi n

57-73 (QE65 and 4724 <sh e or conbi ned) that were
significantl yq:@(’rugg?%srzymp%n 1 %%éﬁ{‘%eg ctive variant A-gliadin 57-73 QP65
and bl anke Al t hougimirhesesfonsiverssiée measutediin §BMCeafter phutdncchaienge) 10 Aneek s

were substantiagl .they appear to_be |ess _than J i 3 after
commenci ng GF .laﬁééﬁéﬁg@@rﬁ'&” T3 Pieekse eﬁ?@c’&@gﬁoﬁgﬁﬁﬁ%%ﬁal ent or
greater than rasagnstendss By dédmBdnt O @pitche pravails inantrediaicosliaced Wit h

A-gliadin 57-73 65. None of the subjects gﬁger' enced = 1r.oubling synptons
with gluten chiisqasanad forat lsast one week aften giating G Ds Jhe gptmal hype.8t 3 " pEMVC af ter

gtuten chal| engganoles st i chéibb Biskibe Rkt bftten hilRADindhodsigiilet off LOT
comencing GFD, Tnplying that "iInmune ~unresponsiveness” to this domnant T
cel | epit®pe prespoasdsso Argliadin 5398 QEGSdetlieFL.ISnet swseisis ablsastRoyeeks alfebast one
week after starting G-D. e optimal timng of a diagnostic test for

coel i ac di seas®"f® 51g ICL eén chal | enge and neasurenent of 15 responses to
A-gliadin 57-73 QEQhtetforoh penmbs&peatingalaedly spesifiato Acgliadin 3713 XESSaranmmt

be measured in the peripheral blood in untreated coeliacs, and can only be induced

by gluten challenge after at least 2 weeks GFD (antigen exclusion). Therefore,

20 timing of a diagnostic test using this methodology is crucial and further studies are
needed for its optizhization. These finding are consistent with functional anergy of T
cells specific for the dominant epitope, A-gliadin 57-73 QE65, reversed by antigen
exclusion (GFD). This phenomenon has not been previously demonstrated in a
human disease, and supports the possibility that T cell anergy may be inducible with

25 peptide 'therapy in coeliac disease.
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commenci ng a GFD. Interferon gamma-secreting T cells specific to A-gliadin
57-73 QE65 cannot be neasured in the peripheral blood in untreated

coel i acs, wand$an only be induced by gluten challengepaficgbodbenl east 2
weeks GFD (antigen exclusion). Theretgie, 20 tim ng of a diagnostic test
using this nmethodology is crucial and further studies are needed for its
optim zation. These finding are conmf&ta@deg with functional anergy of T

cells specifl for theb;lom nant epitope, A g@l adin 57-73 QE65, reversed by
antigen excl IB?Fg NetpredMody dn S3eAdn(18%8)- not  been previ ously

demonstr at edy i GuatstenHMEREL. BhS §AREnSNY, 3§Mﬂ4 f19d9¢ possibility that T cell

anergy may be inducible wth 25 pepti’de therapy fn coeliac disease. 30 WD
01/ 25793 PCR. @@@b@@metalwmér@ﬂbégﬂ @99N\bl berg 0, et al. Nature Med.

4, 713-717 a2 G t, 29, 2506-2514
(1999) g (%}%Z%? g’ %vegt a cm&&s@ﬁ% t?é?fé’ﬁ)gﬁgéu@g%) 5 4. Mantzaris
G Jewel | Ds ManiL, ef al. Gesid: DembmeﬁterolZﬁl 2392530896)1991) . 5. Mauri L, et

al . Scand. J, Gastroenterol. 31, 247-253 (71996 6. Bunce M et al. Tissue
Anti gens 46,6 Fmceletalgdisgue Anfigensi46,355-367 @ Ti ssue antigens 41,

119- 134 (19973)01ex% Vet dii ghaf o ﬁhlailg-ﬁuseyﬁ)mtl gens. 50, 688-92
(.1997). 10°'9. Plebansid Met . BEur. J. Jmmunol . 28, 4345-4355 (1998).

11l WD 01/325\’1911381!7‘@'@@%{ G‘M%AHUM 'ﬁ&bﬁ@-ﬂ? (89@.i adi n protein sequence

podpPo PR R L Bl BT PR S s 6

PQSFPPQQDY PQPQPQYSQP QQPI SQQRAQ QQQQQQQQQQ QQ LQALQ QQL1 PCVDW LQQHNI AHAT.




71 81 91 101 111 121 131 SQVLQGLS | YQ LLQELCCQHL WQ PEQSQCQ Al HNVWHAI |
L HQQOKQQQQ PSSQVSFQOP LQQYP LGQGS 141 151 161 171 181 191 201 FRPSQONPQA

QGSVQPQQLP q,:@ﬁl, AL QTLPAMCNVY | APYCTI APF G FGIN 211 22;,(3;,%1,0%;(0251 261
Tabl e 2. Coel1ac di sease subjects studied Age d uten HLA-DQR Bread Synptons

Sea free diet chall enge with bread 1 62°%714 yr Hormzygote 3 days
Abdom nal pai na.h h ul cers

Het erozygote 1 aﬁ_g%‘ﬁﬁﬁ"dg}'” hifquenece (%asg%%# QV"Vra%?e@P&Vb%t e 3 days

Sl? gfreﬁogag)g W‘%& g@%ﬁﬁg@%ﬁi”%sﬁa@#&sﬁt ar o?ygot e 3

days None 7 @Hm@mnmmmmaqﬁqdw@mmmem QALHBmvviQomtarAR

Honozygot e 3 days Abdom nal . pain, di arrhoeﬁl R 1\3/§D 01/ 25793
PCT/ GBOOY 03Z%@ﬁ%%&%&%ﬁb&&%ﬁ%ﬂ&&@%vm@ LQQYP

141 151 161 171 181 191 201
FRPSQQNPQA QGSVQPQQLP QFEEIRNLAL QTLPAMCNVY JAPYCTIAPF GIFGTN
21 231 241 251 261

Table 2, Coeliac disease subjects studied
Age Gluten HLA-DQ2  Bread Symptoms

Sex freediet challenge with bread

1 64f 1My Homozygote 3 days Abdominal
pain, lethargy,
mouth ulcers,
diarrhoea

2 57m 1lyr Heterozygote 10 days Lethargy,

3 35f Ty Heterozygote 3 days Nausea

4 36m 6wk Homozygote 3 days Abdominal

. pain, mouth

ulcers,
diarrhoea

5 26m 19y Heterozygote 3 days None

] 58m 35y Heterozygote 3 days None

7 55m 1y Heterozygote 3 days Diarrhoea

8 43f 15yr Homozygote 3 days Abdominal
pam,

diarrhoea




d ut amat e Asparagi ne (50-$0 (-84) 100% 5 Asparrate 70% Manine (50-94) 65%
S Throoni ne .

3ezine (45-83) 62%

W ne (45-75) 62%

Cystei ne (44-76) 64% _
O8140¥P3e (46-66) 55% Leucine, (34-47) 40% d utatnine (846)
3 25) 14% PhenyP&l/&®oei03g6n( 3- 32)

(24-79) 569"
33% Lsol euci ne (1&21) 19% Met hi oni ne S
14% #iistidine (0-33) 12% (0-13) 8% T

Trypt ophan 8% (0-17) 8%

nom (0.17).
Tabl e 3 EGsoptrespotr9e

Lysine (0-11) Pro |ingm$%e.: tnine 2% (0-2) |of
@ 'udsiwues'gf’ a in Beyesilier Meatein "G fences
7-73 aO0¢i adin 100 (100)

Pept i desequeuee Corr es@iiasid
8 ( 1-Apjragige QPFPQPQLPYP

(Accession no.)

)
QLQPFPQP (T. sestivumAspdesd S (Z-7) 53(4 0:§§
Plas&

aestiau g3 ar i adin
i aum @1548@@32#%3 M GJi ad

) YYFQ% 57-73 a-41;adin (1,
rsor (ﬁbj:cctu aestivun) P02863

i (45-83) 62%
Serine (45-75) 62%
m&hnemnim (24-79) 56%
Gy (46-66) 55%
Leveing a8 T
> 33%
gcl:lz:auxln;n: (16-21) 19"/:
Methionine 8-32; ity
' - 14%
g oh
Histidine - 8%
Tl);r;ts;ne 0-17), 8"/:
Lysine @i 8%
Proline §8_1§ ) 4%
- 2%
Arginine (0-2) 1%
Table 3
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. qQ QPFPQPQLPYSQPQP 77-93 o/B-Gliadiz precursor (Tricetum, gesti .
76-92 _a—GIiadin (L. sestivum) Q41528 vin) s
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- y 84-100 o/B-Glindin : estivien
0(0-) 3(0-7 QLQPFLQPQLPYSQPQP 7793 u/g-cliadin ﬂ;m(‘i;ﬂm) 301:178;73
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10 (6-30) 19(11-33) PQPQPFFPQLPYPQPPP 3298 a/ﬁ-GIiad; S;Zep:v#;g fm' M‘ﬁ‘:—u(‘;) i
10(0-30) 21 (11-33) PQPQPEL. ot e ouan (T, iearta) Q41632 'mmmjmns
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Table 4



76-92 a-diadin (T. aestlvuat) Q41528 77- 93 a-0liadia storage protein (T.
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aesti v QLQPFL FEEQERMA- G i adin MM

Pr ecurﬂgrag(. negei vum FilzBS(Zﬂ:LQ Q7 FméPELP\adl n A-1 precursor (T.
aest i vAaiphagliddnd 72@2 0 (0- OWI2GT@Y7) 77- %QPameaﬂrPN (T. aestivuai) 41509
QLQPF Jiadis OPPR2 77- 93 GIEH) rt ..*{!:.'!A_ PRPF aesci van) Q41530 17
(040) -gliadin ) QPFPPC I o 77-9R | -lttprccrasor(T.
aesdm JH#coa * £2)(0-30) Al lekhe33) PORMAIPPASELYY 82-98 a/ P-Giadin AN
Pr ecui'sor | (r; a" ) P04725 PQDQDFPPQ_PYP 82 98 a .cJJiadin clone

PW 21 5N$ioestaten inarigital pubiicadbu iVCG ipesGniPBeell Q615 iTCLintestiia] ﬁo]yc[éx’&) T &DRSRICO QEriphéral Blodd
82-98 WHeellgpieadin (T. urartu) 41632 Q Q 79-95 u/ -.Qiadin clone PW142
pr ecur Yuypetides arg e produethy tpiseleapnase mpdigine yilg ype gy p??“e&%“g“ﬁ the fopyth wd $ixh geptidss 95
alP diadia Precursor (T, aestivum) Q41546 Table 4 WD 01/25793

PCT/ GB00/ 03760 Table 5. T cell epitopes described in coeliac disease *

Sour ce Restrl ctl .on Fr uen y Sequence Gamm % [ NS |TCC)
Sour s i sl bt il
Al pha- $AYEH n DQ2 11’“1 “1‘3 - 7"7_14,'1'. P liadin DQ@ 1/23
ANy ‘ pha o : (1 TCO)
.;r"* PQ GI ut em(z) 1/191(1X| TCC) YYPTSPQQRSGQ Al pha gliadin

DQ2 11Pm=£L?QPEB.PU QL QPFPQRESPYPQPOSS BS not sB&ed in original publication,

i TCC |Q‘EWFF§§ Pqu%gpl cl’(9rﬁ§ i TCL ?@c esti nall“(‘bol yclonal T cell line, bTCC
PErt PNgde ELPY PQPQP 14 (4) so (17) 69 (20)

* sequence refers that of transglutaminase ({T'G) modified peptide and the T cell epitope. Wild type is the unmodified gliadin
peptide. Data from 4 subjects. Blank was 5 (1) %.



T cell clone *All peptides are the products of transgl utam nase nodifying
wld type gluten peptides except the fourth and sixth peptides Table 6.
Rel ative Womethyity of gliadin T cell epitopes in coelpcgfaaobdmal t er
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25mcg/ M) WIid type WIdtype+t TG E-substituted QQALPQPEQPQQSFPECQERPF 9( 3)
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100 PQLPXP@%n%;’sc@g%e&ﬁg.ﬂuﬁgﬁ&zat@(@@aut MisQgg [ ef ers that of
transgl ute i TR T Polmenice —O Nld type
is the un Pt G b .xg—- L - g S 5 (1)
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A-gliadin 57;_73 0(ma n 10 D@ 1%5% o QZOO‘,}OQ‘., and bl agk.,{ no pepti de,
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<0.0001 <0, oo Potenti 27 1. 60 <o 000! 169237 <0. Boo1 F65 16

<0. 0001 0.8 163 9 3A61 57 o ;301 L69 I#0001 q§7 15 <0. 0001
0.0012 840292 0. 23§§B <0. 00§ 36 <0. 001,65 14 50.0001 0.015 P59
88 0.08 FR8S56 <0.0 36 <0, goqga;RDaa 14 0. @1 0.01% M3 87 0.03 N65
56 <0. 000%sil. 69 36 5. 0088 R67 14s<G7RO01 0. 082 0681l 85 010047 A62 56

<0. 0001 EGBN36 <0.08D1 OM3M- agoai s W62 84 0. @4 ABB 53 <016000! V67 35

<0. 0001 P8SH13 <0.0@D1 ©3812 1706845H. 04 P66 B3 04. 0001 )62 35 <0. 0001
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6 4
0.15 E59 Y 0.01 Y§3 520/%0. 0001 3 <0. 00031 11 <0,,0001 0. 07
67A 18  0.058 30 68K - 5 056 19
67H 18 0.052 22 67Q 5 061 18
Non-antagonists : 65G 5 062 15
65V 17 007 23 64M 4 01 20
651 17 0.086 21 66H 4 066 23
66T 17 0.069 25 . 66E 3 076 10
65W 15 o0l 11 66D 1 09 14
67R 15 013 14 63K 1 088 23
65P 15 013 8 64H 1 093 18
65K 15 011 8 66K 0 098 10
66W 15 012 21 64K 2 088 8
67G 14 0.14 19 64L <11 026 2
66A 14 014 19

Table 10. Inhibition of A-gliadin 57-73 QES6S5 interferon gamma ELISPOT response by
peptides known to bind HLA-DQ2 (P is significance level in unpaired t-test).

Peptide % Inhibit. P
P 31 <0.0001
HLAla - 0 095




Pattisl agonltts N69 51 <0.000! N62 32 WO0001 R65 11 <0.0001 0.26 W51 79
0. 002 E63 51 <0.0001 P66 31 <0.0001 Y67 10 <0.0001 0.13 460 78 0.002 T64
51 <0.0001 &é@% s39s <0. 0001 1166 10 <0.0001 0.17 Y62 78 GcftfBodhedl

<0. 000l 17°<0.0001. 1(66 10 <0.003k-0.21 G60 71 0.003 Y69 50 <O. 0001
D67 30 <0 0001 R66 10 <0.0001 0.23 A71 77 0.003 D63 50 <0.0001 MEl ' 29

<0. 0001 1( 67gbibQq1<Ank &ﬁs:ﬁ)oﬂ.&-glmsmmmeﬁeneﬁsngamammtféﬁﬁne&m 0001

P65 8 <0. Q%a@l 6 &fﬁi@ﬂls &fﬁ%uécﬁnsﬁmmszﬁ Phiffcan 0Ok K64 8
002 66 49 <0.0001 1165 26 <0.0001 1(65 8 <0.0001

<0. 0001 O. a,_;eg é

0.63 1.62 79 005 T68 48 <0.000! P68 26 <0.0001 YES 7 <0.0001 0.9 K70
74 0.001 sagsﬁggsl %%és 4,,,3@,,5‘0 0001 1161 73,5001 1.$8 48 <0.0001
111(6 25 <Opfiiler g QRIBEPQELPFAPHIOPIQRAES 48 <0. 00ML T66 2§0050. 0001 WD

01/ 25793 PClifsp2- 0 6.0 QLOFFLOREILPYSEPQPANt agoni smiof A gl baslin 57-73 QE65
interferon gagmes&ldEROT QPQPEPEPELEYPQTQPsuUbst i t ut ed vari anPdl of A-gliadin
57-73 QE65 (ourbestr3 QERSI s PQRGHEPPHLETPQEQP| evel in ulpaired 044-test). Agoni st
activity (%cEgesisB1)QESS QBERHPQRELSYSOREr ed to A-gffiadin 59343 QE65 is also
shown. Substroél T3IGESS RLQE PYSQPARubst % | nhfbit. P %3%1 oni st . '
Ant agoni sts%mlwmﬁis Q&QP EYZ’éfS@PQRM 19 65M §3 0.16 ;g 67M 27 0.005 29
68P 13 0. 16 F9H27% @5% 513°0.19 19° 67W 25, 7008 19 66G 12
0.19 11 8 r38"c7é?1§’i'%§|Q t 2 0.2 18 871 24 0%313 10 65Y 12 0. 22
7 67Y 24 0.013 21 66S 12 0.22 22 64G 21 0.03 21 67F 11 0.25 21




64D 21 0.029 .16 66R 10 0.29 10 65L 20 0.046 26 67K 10 0.29 10 66N 20
0.037 24 64F 10 0.29 16 65H 20 0.038 16 65F 9 0.41 16 64N 19 0.05 16 63P
8 0.42 13wmdirsid 0. 06 25 65EK 8 0.39 25 66Y 19 0. 048 wW&r/Gddaedeh- 49 11
64E 19 0.049 12 641 5 0.6 21 67A 184,058 30 68K 5 0.56 19 67H 18 0.052
22 67Q 5 0.61 18 Non-antagonists 65G 5 0.62 15 65V 17 0.07 23 64M 4 0.7 20
651 17 0.086 21 66H 4 0.66 23 66T J/afM§69 25 . 66 E 3 0.76 10 65W 15
0.11 11 66D 1 0.9 14 67R 15 0.13 I463K 1 0.88 23 65P 15 0.13 8 64H 1
0.93 18 65K 15 0.11 8 66K 0 0.98 10 66W 15 0 12 21 64K -2 0.88 8 67G 14

0.14 196L- Lnhi bition of A-gliadin
57-73 QE65”I nterlgetrﬁg%gf;déré%%§gﬁﬁ?%§ep§§§é ‘hﬁXé‘bf‘f g% &E%W% bi nd
HLA-DQ@2 (P is m@snddalccmmmﬂgevel in unpaired t -test) Peptide % I nhibit. P
TP 31 <0.0001 ,HLAla 01 25793. PCT/ GBQO 37%2 -58 Tabl e 11.

Ant agoni sm of ﬁ?)ﬁf’ﬁ“ﬁ%aﬁ“‘fﬂ% @é‘g FE BHR AR APOtsy PSpot response by

natural Iy occugg m&pﬁsﬁemaﬁbﬁmgsmume Phith hsasEQ IDNGBofER2ah! | 1S

significance |evel unpai red t-test). A-gliadin 57- 73 (QE65 pol ynor phi sm
% Ilnhibit. P equlvalent sequence from a naturally occurring homologue of the gliadin
represented by SEQ ID NO:3,

(ii) an epitope comprising sequence comprising: SEQ ID NO:1, or an equivalent
sequence from a naturally occurring homologue of the gliadin represented by
SEQ ID NO:3, which epitope is an isolated oligopeptide derived from a gliadin
protein,

(iii) an analogue of (i) or (ii) which is capable of being recognised by a T cell
receptor that recognises (i) or (ii), which in the case of a peptide analogue is ot
more than 50 amino acids in length, or . _
(iv) a product comprising two or more agents as defined in (i), (ii) or (iii), and
(b) determining in vitro whe;her T cells in the sample recognise the agent;
recognition by the T cells indicating that the ind?widual has, or is susceptible to,

coeliac disease.

2. Use of an ag;:nt as defined in claim 1 for the preparation of a diagnostic means
for use in a method of aiagnosmg coeliac disease, or susceptibility to coeliac
disease, in an individual, said method comprising determining whether T cells of
the individual recognise the agent, recé)gnition 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 comprises (i) or (ii) bound to (a) an HLA niolecule, or (b) a fragment of an
HILA molecule capable of binding (1) or (ii).
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P04725 82-98 QE90 P P PFPPELPYPQPQS 19 0.009 41509 77-93 (QE85

QLQPFL. QPELPYSQPQP it 0.15 dia 1,6 58-74 QE66 QPQPFPPPELPYPQIQP 11 0.11
P04723 77- Sgo e5e3POPOPFPPELPYPQTQP 10 0.14 dia 3-5 57-pé3/ddubibsren
QLQPFPQPELSYSQPQP 7 0.34 P02863 77-93 QE85 QLQPFPQPELPYSQPQP 6 0. 35
Q41509 77.93 QE85 QLQPFLQPELPYSQPQP 6 0.41 P04727 79-95 QE65
POPOPFLPELPYPQPQS 6 0.39 P04726 82- 98 QE90 POPOPFPPELPYPQPPP 5 0.43 WO
01/ 25793 PCT/ GB00/ 03760 -59 CLAI M5 A et hod ‘of di agnosi ng coeli ac

di sease, or susceptibility to coeliac J)sease in an individual

compri sing:4 () ALABMEE S R adordiPlo%ldim 3 WHeRtn h@mmnmcﬁ@ o@ﬁs‘g%enﬁﬁl ected
from (i) the epitope conprising sequence which is: NC. 2, or an
equi val ent sequéma eorfiplexvamprisingrfour HLA owiaculesiof ﬁmn@gﬁm&mwlmdqgl i adi n
represented by SEQ ID NGO 3, (ii) an epitope conprising sequence conpri sing:

SEQ ID NO .I, or an equivalent sequence froma naturally occurring
honol ogue of, th@s@hb@ﬁllﬁgWﬁ%&bﬁd@&emﬁﬂnbﬁ&@n@ns%@hmﬁﬁhﬁme is an
i sol ated ol i gopepti de derived froma gl.iadip rot ein, i) an anal ogue of

(i) or (ii) whi @geqtdo thgskipofanindiyidualand detgeiing %PIB%‘F“%F"F matiog @bt or t hat
recogni ses (i) qrm&fel&ams&&dﬂﬁe%em%fq{ﬂmeﬁma&aﬁﬁg’mgu@'rl S not

nore than 50 amno acids in length, or (iv) a product conprising two or
nmore agents as ctsliwféhleindw(du)ﬂre@gn;seﬁxeagmm, and (b) determining in vitro
whether T cells in the sanple recognise the agent; recognition by the T
cells indicating that the individual has, or is susceptible to, coeliac

di sease. 2.6.Use Amethodageniingi® dhihiln? dr 4 wherkinithe damipleris bloed panggdar at i on of a
di agnostic nmeans for use in a -nmethod of diagnosing coeliac di sease, or
susceptibility to coeliac disease, in an individual, said nethod

conpri sing flet erAriaitdd avdoedifeio claifi€l 554 66 wherein the T cells are not restimulated

in antigen specific manner in vitro before the said determining,

8. A method or use according to any one of the preceding claims in which the
recognition of the agent by the T cells is determined by detecting the secretion of
a cytokine from the T cells. '

9. A method or use according to claim 8 in which the cytokine is IFN-y.

10. A method or use according to claim 8 or claim 9 in which the cytokine is
detected by allowing the cytokine to bind to an immobilised antibody specific to
the cytokine 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 measuring whether the agent binds the T cell receptor.

12. A method for identifying an analogue as defined in a claim 1,3 or 4 comprising
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.
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t he individual recognise the agent, recognition by the T cells indicating
that the individual has, or is susceptible to, coeliac disease. 3. A '
nmet hod or wisesgemording to claiml1l or 2 wherein the agepdréhoo@sreanal ogue
(iii) which conprises (i) or (ii) bound to (a) an HLA nolecule, or (b) a
fragment of an HLA nol ecul e capabl(_§c_)f binding (i) or (ii). I I I 11 "ii;
I EJuiiaii;j1l;ii T WO 01/25793 PCT/ 0/03760 -60 4. A nethod or use
accordi ngsto almi ﬂ/&;,fgq, i Baddidd 0K tdaSe 14 43 @ COnpl ex
conpri si %é fog?l_ﬁ?ﬂt!g%&ml ecﬁ%l%gsédgr fr a?ﬁ%ﬁ‘?@w@ﬁi%ﬂ%%@’ﬁ%e

accordi ng to idivignapcongprisingdletgiraining thet fresengetof anl amsiboyly thethindsdorami st eri ng t he

agent to the gki Jndividual and det I he jpresence .of

i nfl anmat i on gﬂo%? ﬁémg%}’tltgp KO M (o[ B TS Wi ia%ﬁ(%\ftmte%gl %aé'{nelc'fliaé?\m 5O/ | ammat i on
i ndi cati ng t hefe ihdieidial, theplesened ofttheantibodyvindivsting tieat higandieidian Basagent . 6. A
met hod accor dj ng to,.cGlai me#ia ésor 4 wherein the sanple is blood sanmple. 7.
A met hod accolSdPi§PERIe (9 Seelipadisegse. 4 o 6 wherein the T cells are not
restimulated in antigen specific manner in vitro before the said

determ ning. 8. A nethod or use according to any one of the preceding

cl ai ns i d4whi &R agend as defingd in alaim], eptionpily ingeseciatign witea Fardes) fosusedndet er ni ned

by detecting ol . | . .9 A nmet hod or
use .accordi ngL’E}1 %th?:’?gl?% ﬁp y ‘l’%ﬁﬁ%{ %ogh%{/]@%%eﬂg%@ﬁﬁw%ﬁs%&A met hod or
use accor di ngrecogmdechenagenior claim 9 in which the cytokine is detected by

allow ng the cytokine to bind to an i mobilised antibody specific to the
cytoki ne and then detecting the presence of the antibody/cytokine conpl ex.

11. A netibod @k atfagorist @04 Ticeltwhidh aya D Béll rebeptdr aé 88finkd intladmvig@y,ei n sai d
determining is, done by neasurjng whether the agent binds the T cell

receptor. 12.optiongiigassosiationiwith # Famergion usedn amsiiod ofreatidg Phed in a claim
1,3 or 4 corrpfnie%dﬁggcgl&ira@aiggagg%\#ﬁﬁgﬁés&hep%_date substance is

recognised by a T céll receptor that reécognises an epitope conprising
sequence as defined in claim1, recognition of the substance indicating

that the ;3ubshgGee b aiRed R br ab adsbdghb ss Bt b ackbdcl s ddfikd 11 1111

in claim 13 for use in a method of treating or preventing coeliac disease in an
individual by tolerising the individual to prevent the production of such an
antibody.

17. A method of determining whether a composition is capable of causing coeliac
disease comprising determining whether a protein capable of being modified by a
transglutaminase to an oligopeptide sequence_aé_ defined in claim 1 is present in
the composition, the presence of the protein indicatiﬂg that the composition is

capable of causing coeliac disease.

18. A method according to claim 17 wherein the said detérmining is done by
contacting the composition with an antibody qucific for the sequence which is
capable of being modified to the oligopeptide sequence, binding of the antibody
to a protein in the composition indicating the composition is capé,ble of causing

coeliac disease.

I




CL MS W 01/25793 PCT/ GB00/ 03760 -61 13. A nethod of diagnosing coeliac
di sease, or susceptibility to coeliac disease, in an individual conprising
det er m ni ngwighgnppesence of an antibody that binds to an pepREbRRSeRT an
epi tope conprising sequence as defined in claiml1 in a sanple from the
i ndi vidual, the presence of the anti pggy i ndicating that the individual
has, or is susceptible to, coeliac drsease. 14. An agent as defined in

claim1, io AR aci.at i rriecsufor .use in a nethod of
roating of pr oy thot SisBBSRGLA R Wik el s fieloe Bt e Mbaltifpe 8, 7 1

recogni se the apesglutariinaseAo aaequanenhas comprises dn epitope sunieiingasquende el |
receptor as defjped fir.claim3(iii), ionally in assgciation with a
carrier, for u ‘FW‘&C{?E?I[I&FW%}#P@%‘HW C{%‘Fpmfﬁ‘”ehféh‘?‘?“ﬁ%@méﬁ‘*tﬁ sease by
ant agoni si N9 suygdy iatGdokSnot béntaifeafddtwich Qﬁ%é%ﬁiﬂe@bghai m1l or an

anal ogue that binds an antibody as defined in claim13 for use in a nethod
of treating or tsnighapminals te @ sedugrcedhat comprisen amepitoperetimpiridinglseqnencediser i si ng

t he i ndi vi dual : 1 ' 0 C ntibody. 17. A method
of determ ning ﬁ%ﬁ%&ﬁgﬁé’oﬁos ?‘ggﬁ&f:sg&caa%‘é%ﬁeg 8@9351014%1? Wg‘cgése‘fti ac disease
conpri si ng det deast 1 aginovacdsleng andpwidtiecompriagaiequencd whieh b4 beadli f i ed by a
transgl ut am nase n_al.i gopepti de sequence as defined in claimlis
present in thé’%‘%ﬁ?ﬂ@&s?’ﬂ;’ﬁ?’ the presence of the protein indicating that
the conposition is capable of causing coeliac disease. 18. A nethod
according to claim17 wherein the said determning is done by contacting-
the conpost®i orf* Rfotain that compripms dypeqysacq Whigh b gpletobind tap Egelbregppiterh i s
capabl e of bei ; kd1i 0l i j , o ding of the

oot body 10 a uare bel Sekt SGlls ol ApaEl dna AR T, w LY Ol on 1 s
capabl e of causeeugnceisable toccausesaptegenisth lof & Tickll tHat ¢afriesisudh d TEdll [ 1§ 111 WO

01/ 25793 PCT/ CB@Q%%??GO -62 19. A nutant gliadin protein whose wld-type
sequence cal & nodified by a

21. A method of identifying an antagonist of a T cell, which T cell recognises an
agent as defined in claim 1, comprising contacting a candidate substance with the
T cell and detecting whether the substance causes a decrease in the ability of the
T cell to undergo an antigen specific response, the detecting of any such decrease

in said ability indicating that the substance is an antagonist.

22.  AKitfor carrying out a method or use according to any one of claims 1 to 11
comprising 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.  Akit according to claim 22 wherein the means to detect recognition comprises an
antibody to IFN-y. '

24.  Akitaccording to claim 23 wherein the antibody is immobilised on a.solid

support and optionally the kit also comprises a means to detect the antibody/IFN-

v complex.
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transgl utam nase to a sequence that conprises an epitope conprising
sequence as defined in claim1, but which nutant gliadin protein has been
modi fied iwp@uepsa way that it does not contain sequenzavedwmodrscan be
nodi fied by a transglutam nase to a sequence that conprises an epitope
conprising sequence as defined in-ggaim1l; or a fragnment of such a nutant
gliadin protein which is at |east 15 am no acids |ong and which conpri ses

sequence2s\hi CAn higeat d3eiefinedin @iaim ¢ dr adnantagonistud Wefindd in Maipd I8.€i n t hat conpri ses
a sequence which is able to bind to a T cell receptor, which T cell
receptor recogni ses an agent as defined in claim1l, and which sequence is

abl'e to g .useA?HﬁQ%Eiéﬂ‘c%p&ithn%ﬁbﬁstiﬁ?én dp@iitior BftagnGlasilefingih!  "eceptor.

21. A nethod of identifying an antagonist of a T cell, which T cell

recogni ses arclaim@$rand aphatoiapenticallyracesptablecartiecendiuenti ng cont acting a

candi date substance with the T cell and detecting whether the substance
causes a decrease in the ability of the T cell to undergo an antigen

speci f i c27.esparsmpositiva foetbltising an infividosl to a gliddispoteiratoauppress g d abi ity
indicating that the substance i.s .an antagonist. 22.. A kit .for carrying out
a met hod or ﬂ%d%%?ﬂqﬁﬁg{]‘ﬁa&mpdﬁﬁeépwe %Wtfsg‘g méﬂﬁp’vi sing an agent

as defined i nggibRbdpbsitidn @bmprisesh AeRfRg Aefided ifleltigCt. the recognition of the
peptide by the T cell. 23. A kit according to claim 22 wherein the neans to

detect recognition conprises an antibody to UN-y. 24. A kit according to

cl aim 23 ergi . i ikisio b FERR bdsi | rt and

opti onal %%,/\Iht h‘g cﬁ?k&gfoggﬁ ;c%%g%‘?lg%%ha neg%gal'?gtoﬁtagat%) égﬂ g‘%\% odyl I FN- ti
conpl ex. 1! 1| Qdwhichichiinpoditidn chirptideslah ahthgdnist/as/defingd i @35 PCT/ GBOO/ 03760 - 63
25. An agent as defined in- claiml or an antagoni st as defined in claim15.
26. A pharmaceutical conposition conprising an agent or antagoni st as
defined p® s oNag agennor Aatagbuistin defitied @ndlhiyn o aptikity e sequencecss or di | uent ..
27. A conposition for tolerising an |ndivi di'}lal 0 a gl iadin protein to
suppress the defined in claim 19 to produce an antibody specitic to the agent, antagonist or

wild type sequence. :

30.  Use of a mutation in an epitope of a gliadin protein, which epitope is as defined

in claim 1, to decrease the ability of the gliadin protein to cause coeliac disease.

31. A polynucleotide that comprises a coding sequence that encodes a protein or

_ fragment as defined in claim 19 or 20.

32. A polynucleotide according to claim 31 that additionaﬂy comprises one Or more
regulatory sequences -operably linked to the coding sequence, which regulatory

sequences are capable of éecun'ng the expression of the coding sequence in a cell.

33. A polynucleotide according to claim 32 wherein the regulatory sequence(s)

allow expression 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.
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production of a T cell or antibody response to an agent as defined in claim
1, which conposition conprises an agent as defined in claim1l. 28. A
conposi ti ongbh@frsaasd agonising a T cell response to an agenicrassofleirtined in
claim 1, which conposition conprises an antagoni st as defined in claim15.
29. Use of an agent or antagoni st as_&eji ned in claim24 or a wld type
sequence as defined in claim19 to produce an anti body specific to the
agent, antagonist or wld type sequence. 30. Use of a nutation in an
epitope of a gliadin protein, which epitope i's as defined in claiml, to
decrease tise alA tellcpmpfisihge polymatisotidgasatefined inany enesef claied 3Gio 3dicsease.  31.
A pol ynucl eoti de ,that K conprises .a.codin equence that encodes a protein or
fragment as def"l’ehﬂ a5 hesp wdap&wph%g?lyﬂm&gp ucl eotide according to
claim 31 that additionally conprises one or nore regulatory sequences
-operably linked to the coding sequence, which regulatory sequences are
capabl e 0f36secuk telpcearding spelaigsd owhieh istapsokanigtin selber @ aamamalian cgllcel | . 33. A
pol ynucl eoti de according to claim 32 wherein the regulatory sequence(s)

al | ow expressi on of the coding sequence in a prokaryotic or nmamalian cell.
34. A pol y3luc| ebmaokeabthetorxgressys & T call yecepter asfdefitediimsla®d 1t 0 33 which is a
vector or whichis in the formof a vector. 1111111 1121121 i1 LEELTE T
11l CL MS W 01/25793 PCT/ GB00/ 03760 -64 35. A cell conprising a

pol ynucl eods. de Methétpéfiideefying Apnsdetd Shivh iCtherapdutic foricoelié ddkase Whi.ch has been
transforned with such a p_o,I%/n'ucI eotide. 36. A cell according_to claim35
which is a prokampgeipgadministegpg a capdidatn substance fq 2 mammal ag d clajm t
expresses a T c@ldn; ; i i i eté}@,;-,{;%,,

identifying a gﬁyﬁiﬂ?&g\/\ﬁrﬂmﬁiﬁs tﬂﬁé& aggtﬁ’{éga%ag'?g%%gﬁ% di-seaseﬂéﬂé%-rrpri si ng
admi ni st eri ng subdange preventsseriecata wodliar diseaserinthemammal) dfe prevgniion gl ai m 37

whi ch has, or i i 1 hl-e.. i I 1 Ni ng

whet her subst %@@%&%v%ﬁfag%%%%gr@dé Sn%glgf%%ﬁaﬂg%gggﬂ}eﬁﬁ?ﬁ%%ﬁﬁ%l, t he
prevention or treatnent of coeliac disease indicating that the substance

LT AR L e R0 AR FRSH LGB SISk ¥ SN LR " e

of preventing or treating coeliac disease.

40. A method of diagnosing coeliac disease, or susceptibility to coeliac disease inan -
individual comprising administering an agent as defined in claim 1 and
determining in vivo 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. A method of preventing or treating coeliac disease comprising administering an

agent or composition as defined in claim 1 or any one of claims 26 to 28.

42. A method of preventing or treating coeliac disease comprising (a) diagnosing
coeliac disease in an individual in a method as defined in claim 1 or claim 40,
and (b) administering to an individual diagnosed in (a) as having, or being
susceptible to, coeliac disease a therapeutic agent for preventing or treating

coeliac disease:
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of preventing or treating coeliac disease. 40. A nmethod of diagnosing
coeliac disease, or susceptibility to coeliac disease in an individual
conpri si nGgygwisiisst eri ng an agent as defined in clai mip@Rgraof§ice! M NiNg in
vivo or in vitro whether T cells in the individual recognise the agent,
recognition of the agent indicatinggshat the individual has or is
susceptible to coeliac disease. 41. A nethod of preventing or treating
coel i ac di sease conprising adm nistering an agent or conposition as
defined in claim1 or any one of clains 26 to 28. 42. A nethod of
preventi 48 or At@@&?ﬁ%“&:ééﬂ%@d%@é%é@kﬁfﬂr&@%%&) di agnosi ng "~ coel i ac
di sease in an_j.ndi Vi i met hod as defined in claim21 or claimA40,
and (b) adm nfﬂgﬁgdroﬁr%g& {))uséﬁec?ersidi vi dual diagnosed in (a) as having, or being
suscept.ible to, coeliac disease a therapeutic agent for preventing or
treating ,coeliag disease.  L11]10O,111111 L Ll 11 111l S W 01/ 25793
PCT/ GBOOA83 760 Cell gEcoRting % claip e é{"é’é‘%‘r‘ﬁ?ﬁedpcgfl&*’é?’a’i“ﬂﬁ@“%{i"%ﬁwﬁs a cell of a
gram naceous baRROERitilb RGN SorsiRecae. 44. A cell according to claim43
which is a cell of wheat, nmize, oats, rye, rice, barley, triticale,
sorghum or sugar cane. 45. A process for the production of a protein
encoded a i j | I s L rocess
conpri se?%' (a?‘qgﬁ‘fétgﬁ@gﬁug’ﬁ“@§|°fgg‘i°g%‘?%féﬁg“fﬂf‘a%§a%ﬁ%&ﬁg‘?&c aims 35, 36, 43
or 44 under defimgidin daim Ilwhicloprocess camprisasor essi on of the protein; and
optionally (b) recovering.the expressed protein. 46. A nethod of obtaining
a transgenic plant cell conprising: (a) transformng a plant cell with a
vect or accord{@g teltivatingra Sell dccording € @y one af clgimn 35, 36| 43ér 4d@inder 47. A net hod
of obtaining a first enetil-%tahon t ransgeni ¢, pl ant, conpri.si ng: (b)

I

regenerating a tra PL pY thesreprepsiop fiths pptginy aadippiosadll¥: or accor di ng
to claim34 tg)ai V&c&eﬁﬁéﬂ%ﬁ@i&sﬁeﬂr@t@h _

46. A method of obtaining a transgenic plant cell comprising:

(@) transforming a plant cell with a vector according to claim 34 to give a

transgenic plant cell.
47. A method of obtaining a first-generation transgenic plant comprising:

(b)  regenerating a transgenic plant cell transformed with a vector according
to claim 34 to give a transgenic plant. -

48. A method of obtaining a 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-genei’ation transgenic progeny plant from a first-generation transgenic

|




48. A nethod of obtaining a transgenic plant seed conprising: (c) obtaining
a transgenic seed froma transgenic plant obtainable by step (b) of claim
47. 49. A ngbhedsef obtaining a transgenic progeny plant ay@sdessee

obt ai ni ng a second generation transgeni c progeny plant froma fast
generation transgenic 1111111111111 || L1 11 1th * CL MW 01/ 25793
PCT/ GBOO 03760 -66 pl ant obtai nabl e b A nmet hod accordl ng to claim47,

and optionally o r

generations fror%at“ﬁgaseg%%%y %@%@rgg mfég}r %19%%;19 %ut{ﬁafuiogt%pﬂ%ned 50. A
nmet hod accor di ngrahsgesicplaits4? onOsiors further gei)aracl&tsai'dmthgsmhd-gemgmonc seed
froma first-generati on tran enl c plant obtainable by the nethod

accordi ng to cl XFPRSBBP a%‘WE‘l‘F dni ng a second- generatioii'tran$genic

pi o' geny plant fromthe transgenic seed; and/or (e) propagating clonally a
first-generation transgenic plant obtai nabl e by the nethod according to
claim 47 t o5Qyi vekmeﬁ@d@m@mfelcm%mmw plant; and/or (f) crossing a
first-generation transgenic plant obtainable by a met hod accor di ng to
claim47 with another plant to give a second-generation progeny plant; and
optional ly (g) qb)ai ebfghilg cndgsenicseat o afirg gandrationftraospenioplanbr e f urt her
generations- fromthe sec ner at us.obt ai ne 51. A
transgeni c plant cel [°btaa g‘ﬁ?’ﬂtﬁ%ﬁs Js"é&?fa Q‘b&éﬂ@%@%ﬁﬂ?‘%%ﬁ ﬁ%f’dﬁge by a
nmet hod accordi ng togaﬁyamqr ﬁk@fé@@ yélﬁaﬁtqm'éﬂme&ansg&,&geaarsgem c plant or

pl ant seed conpri sing pl ant ceI s according to claim43 or 44. | 1111111
1121z veeer et CcL MS '

and/or

(e)  propagating clonally a fust—genefation transgenic plant obtainable by the

method according to claim 47 to give a second-generation progeny plant;

and/or
® crossing a first-generation transgenic plant obtainable by a method
- according to claim 47 with ;anqther plant to give a second-generation
progeny plaat, ' |
and optionally

(g)  obtaining transgenic progeny platits 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
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WO 01/ 25793 PCT1GB00/ 03760 -67 53. A transgenic plant cell callus
conprising plant cells according to claim43 or 44 obtainable froma
transgeni eygé@Btozcel |, first-generation plant, plant semé,-,@,;oomﬁgeny as
defined in any one of clains 43, 44, or 46 to 50. 54. A plant or callus
according to any one of clainms clai m51 to 53 which is of a species as
defined in claim43 or 44. 55. A’rﬁgt'hod of obt ai ning a crop product

conpri si harvestgﬂfﬁgc roduct. Iant accoy di ng to any one of
clains 5Tto o‘g ‘F"lﬁ‘?ﬂ“ﬁ’éﬁp %cﬂﬁm&tﬂé%f‘ est4d product .
56. A netdpashableTrntla aﬂasgsm@bm%@&umeﬁ&mngmt plaftieed 5r plogildgal Pl ant and
the harvested crop product is grain; optionally further processed into

flour or defipediaanyensof clagngdh,ds, ordGto . cr op product obt ai nabl e by a net hod
according to claim55 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 &4. defAipimto'rcallukwcmdjx&manﬁGheofslaimaﬂhim(fdtteaﬁwhfcthfd-type gl i adin.

. 1111111111 III 1111 II 11 CL
species a8 defined mcalm or

55. A method of obtaining a crop product comprising harvesting a crop product
from a plant according to any one of claims 51 to 54 and optionally further processing
the harvested product.

56. A method according to claim 55 wherein the plant is a wheat plant and the
harvested crop product is grain; optionally further processed into flour or another grain
product.

57. A crop product obtainable by a method acéord-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 a protein as defined in claim 19 or 20
is used instead of wild-type gliadin.
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