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{(54) Title: DIAGNOSTIC AND THERAPEUTIC EPITOPE, AND TRANSGENIC PLANT

1acting a sample from the host with an agent selected from (i) the epitope comprising sequence which is : SEQIDNO: 1 or2,oran
equivalent sequence from a naturally occurring homologue of the gliadin represented by SEQ ID NO - 3, (i3) an epilope comprising
sequence comprising : SEQ 1D NO : 1, or an eguivalent sequence from a nawrally occurring homologue of the gliadin represented
=~ by SEQ ID NOQ : 3, which epitope is an isclated oligopeptide derived from a gliadin protein, (i) an analogue of (i) or (i) which is
capable of being recognised by a T cell receptor that recognises (i) or (i}, which in the case of a peptide analogue is not more than
50 amino acids in length, or (iv) a prodoct comprising two or more agents as defined in (i}, {i1) or (i), and (o) determining in vitro
whether T cells in the sample recognise the agent; recognition by the T cells indicating that the individual has, or s susceptible to,
coeliac disease. Therapeutic compositions which comprise the epitope and gliadin proteins which do not cause coeliac disease are

also provided.




1 April 2004 WD 01/ 25793 PCT/ GBOO/ 03760 DI AGNOSTI C ANA THERAPEUTI C EP| TOPE
AND TRANSGENI C PLANT The invention relates to the diagnosis ahdpil28bdpy of
"~ coeliac disease, and to a gliadin protein which does not cause coeliac

" disease. An imune reaction-to gliadin (a conponent of ghst@mheisAed he diet
causes WHIMPHE*di sease. It .is known that .i mmune responses in tﬂe :
intestinal tissue preferentially respond to gliadin which has been oo
nodi fied by an intestinal transglutam nase. Coeliac disease is di agnosed

by detection of anti-endonysial antibodies, but this reg
by the findi DIAGNGS ThANOCYHERAP 16 R ORE. ANE i NI (QPBABTes . The-
taking of such a biopsy.is jnconvenjent for, .the patient., lnvestjigators
have previously %%%qunff&iat%ﬁ? §bei4ﬁ%%’§§1?ﬁ8 ra(?é’lq%c?eesaﬁghsgaesg’ %&rdo%iade an
- accurate indication.of .t he; AN EESRANSEs@8ai nst - gl i adins. - Therefore
‘they have C%ﬁ%@%{”&ﬁ?‘g%"ﬁ%n tﬁ_a'e I nvestigation of T cell responses in ‘
intestinal tissugh.impfineacictionp £liés(awomgpionemqfighwen) imthsgicicatenase

nodi fication (before they are recogni sed 12%/ th@éi:mmne %ysterr) are known.
 The i ndent opeeliaadisctssuttss KREVE i HERYRT TRERRsEs P MFTHEY % cogni sed by

the i mmune system .| oel ] %ﬁ B0PW0 ab Dbl S 1S :
_ recogni sed BE} en%aéﬁlrgsp%ﬁhﬁgﬂip%fi p grhé?ge%laﬂég%&o?“?ndi visdual s wth coeliac
di sease. Sughy,b1GehlrasweCeeliabdiseshelindiagngaed by deteatiohofpntiemdomsitl equenci es
to be detectabl™ wi thout restinulatiaqn f_)l . E. a,‘frfesg response' detection
syst em coul drtiedissebit thiFequijss cofEmaen Py & findiagof 3 P}Pgo on-T cell
- cloning based net hod which. V] JOLE o t fik 8CchhRienPort he

. epi topes bei‘l?fb“?%étbif’n’inﬂ'ﬁ&n%gw %%%n%c?omn&%?%ﬁ‘%%%ﬁrlequi res envior ‘
~transg|pt am .egpdi fication (causing substitution of a-particular. _
gl ut a?nldjne to gl t?tma)trrat e) before .immune system recp%%i_t i.on. . Based on this:
work the i nvent ofisvdsagatotidwat prepvalyeesmsgthetrrdninptesng detp i T6sRERS G nos e

coelirac disease at an early.st.age.,Th r i 0 “sanpl e
~from peri phé’rf‘a‘fldf)ﬁ‘bﬁ%?%'ﬁl"{dhcéilggfﬁ%‘lélﬁmﬁ“ﬁ?té%s | ngr%%%@gtp‘élﬁglﬂg'ﬁ%%ﬂ}é%ui_r ed.
The test- IS . 0Pf & SEASHMS daBdinvBRicaiéd SOT el R8ponsedindhtestinal tssueent |y
bei ng used. e 1 nvention thus provi des a method_of di agnosji.ng coeliac.

- disease, or Glaths epitipes hich requitrasinsglutagiisess seodifieation (beiefehayar :
‘ conprlsgng: ' : :
o1

recognised by the immune syétem) are known®. S
| The in#entors have found the immunodominant T cell Ve_pit'o‘pe recognised by
the immﬂné systém i‘n.coel.jac.: diseaée, and have shown that this is récogni_éed by T |
cells in the peripherak blood of indiv_idﬁals with coeliac diS;ase. Such T cells ﬁ)eré - o
.found to be present at high enoug,ﬁ freqﬁencies to be detectable without restjmulatidn o
20 (ie.a .‘frc_sh ;'esponse’ detection system could be used}. The epitqpe was identified
using a non-T cell cloping based method which Provided a more accurate reflection’
of the epitopes being recogpised. The immunodominant epitope requires K
transglutaminase modification (causing substitution of a particular glutamine 1o
glutamate) before immune system rcpognition.
25 Based on this work the inventors have developed a test which can be used to
diagnose coeliac disease at an early stage. The test may be carried out on a sample
from peripherai blood and therefore an intestinal biopsy is not required. The test is
more sensitive than the antibody tests which are currently being used.
The invention thus provides a metﬁod of diagnosing coeliac disease, or
30 susceptibility to coeliac disease, in an individual cOmprising:

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

uires confirmation -



—(a) contactlng asarrplefromthe host with an agent selectedfrom(2 the ' '
. WD 01/ 25793 -2- PCT/ GB00/ 03760 epi t ope conprising sequence whi &prili 3904SEQ _
‘ID NO 1. or. 2,  or an equival ent sequence froma-naturally occurring - Ce
honol ogue-. of the gliadin represented by. SEQIDNOB (i) an epitope . . -~
‘conpri si ng¥V9d&REEe conprising: SEQ ID.NO I, or an equival é’ﬁfffG%(@@é'éﬁﬁce |
froma naturally occurring honol ogue of the gliadin represented by SEQ ID -
. NGO 3, which epitope.is an isolated oligepeptide derived froma gliadin :
protein, (iii) an anal ogue-of (i) or -(ii) which is capable of being. -
‘recogni sed. bypigopk ceelprisingeeqminoe whivhtis rSEQ@UDINE@A dfi2) oodn éduiyalenslseqients- the .
..case of a peptlcije anal ogue is not nore _.than 50 am. no aci.ds_in Ien th, or-

(iv) a produérpnfc@)nﬁrltaélb’@gmtfﬂ@aépmﬁiﬂgéea@@ﬁt%laé%lfepli%‘ﬂtfﬁbw SEQIPNOGA.i ) or

(i), and ( determning.i.n vitro wheth recognise -
~ the agent,. 2%) 508‘?10%‘9&?%%% ﬁeqé%‘i“iemmr?at ’5‘§t| éliq:ani ig%l%%'wglgual has, - -
~or i's suscepii eﬁcéﬁ@mcaqahirmy Qécﬁﬁﬁ%ﬁhoﬂémoﬁerwf&ﬂé ERAYIALgReRARYILYSEWS e of

the agent for the preparation of' a diagnostic nmeans for use in a nethod of
~di.agnositng c@eN@S, clrhs:haq;&epems anl@i@efephgdpﬁpmdwdermdcf@@i asba@nsecasm, in an
‘i ndi vidual , said net hod n&i geter 0 V\het her. T Eel LS. Of the -

i ndi vi-dual . fidgaparalesy g‘j’éh‘t‘ &R SfiPt BH Vngﬁ%w@.tggq fcating that

t'he i ndivi dugl, ﬁ@?mat){egb%m V&%%@%}Rﬁ})k&éh%t&@@dsb%?agbﬁtﬁﬁsﬁmlo@il@isfﬂd%%d}g of

an | munodoni na h i's"nodified by transglutam nase also
al | ows di agn&&ha’am{mlﬁoebiﬁam lehsthase(i)ageddon compesing mvogr mme&gwts st her
types of -immune response to.this epitope are present E}U@é i nvention

al so provi deéeﬁﬂmhﬁd@df’f GHAGRE P tEBarPg e Vifrogghsiher $EPS ty to .
coellag o eos Bknist fhedleh Pecgggﬁst b B Eeiis'iﬂdig%:ﬁ;tﬂ?ﬂhg%tﬁ@ﬁuﬁ asange of

" an anti"bady ope I'n a sa romthe 1 n ual .,

the pr esenceS@ceﬁmew%aQQmmmadl cating that the i ndi vi-dual has, or is
~susceptible to, coel i ac di sease. The invention addltlonally prOV|des the
agent, optional | y Tibaiskestien alsp orovifes iseof hiarserLor the Prepseation %4 2met hod of .

'treatlng or preventing c eliac_ di seas i er| 3
recognise’'th l%giﬁcm%“g PPPEVT aé%F%t deog%){a r?igéé d;[seaser% Ixii/i,it has
~a T cell’ receptqliat aetas@eﬁ%nbesmuej lmﬂhﬂd@m@ﬁidu@@é&@ﬂn@vmmlmt i'on’
"with a carrier, for use in a nethod of - treating or- preventing coeliac

“di'seasa %y antixgfithe individual echgnise e @enmwpgm@na by yheF seliiadicatieg thae agent-

or an anal.ogue t hat ds an anti b| nds the agent) for usein a
net hod of tré‘%?tli"lﬁ@’”iﬂaig?set?%ﬁtsl"ﬂﬁpggg? é:('?e @3S 1 an -

The finding of an immunodominant epitope which is modiﬁed by -
transglutammase also allows diagnosis of coeliac disease based on determining -
whether other types of immune response to this epitope are present. Thus the

20 .  invention also provides a method of diagnosincr coeliac disease ‘or susceptibility to

o

- coeliac disease in an individual comprising detenmmng the presence of an antxbody
| that binds to the ep1tope m a sample from the mdiw.dual the presence of the antibody
Imdlcatmg that the individual has, or is susceptlble to, coeliac disease. o
The invention addttionally prov1des the acrent, optionally in associatlon with a
K ‘25 T cai'rier, foruseina method of treatmg or preveutmg coeliac disease b.y teleusmg T,
- cells which'reeognise the zigent. Also provided is an antagonist ef a T cell which has’
“a T cell receptor that recognises @)or (ii); optiortaily'in association with a t:arrier, fer |
‘use in 2 method of treating or preventing coeliac disease by e.ntag,;oﬁising such T |
cells. Additionally provided is the agent or an aiialogue that binds an antibody (that
-' 30 binds the agent) for use in a method of treating or prevem‘mg coeliac disease 1D an

“individual by tolerising t.he individual fo prevent the productton of such an antibody.



. individual by tolerising the individual to prevent the production of such
_an antibody. 1 April 2004 WO 0112 793 PCT/ GB00/ 03760 -3 The i hhprit2004
. provides a .nmethod of determ ning whether .a conposition is capable of
causing coeliac disease conprising determ-ning whether a LN pabl e
of bei ngWRJA2f1%8d by a transgl utami nase to an ol i gopepti Bg%@ébf«gﬁgg as -
defined above is present in the conposition, the presence of the protein
indicating that the conposition is capabl e of causing coeliac disease. The
i nvention al so provides ‘a nutant gliadin protein whose wld-type -sequence
can be nodi fi ed The iavention prividesrsimetbed odeeroariog REethena coOBBPRIGSEs an
epi tope conprising sequence as defined. aboye, but which nutant gliadin
prot ei n haszapaipe ngﬁéﬁcidifeg?fc??ﬁﬁ)w ‘i’eﬁwga’&s‘g‘%%?m?%% %iah?ese'quenc_e
whi ch can beaodi Al aePyy 8 vhiNsah 30 NAMidhBertidt 864 RAGCad dineg OMPY | SeS
-such an eplcfope conprisihg. sequence;, or a fragnment of such a nutant
gliadin. projoeiR preabinitse cahpdsitiat, thefpreseheeoof the pudselh ordacating tha Fash N
conpri ses sequence which has been nodifi.ed in said way. The invention al so.
‘provi dés a gmrositieniheapapiéiph cRRE cpeliagdiesise which is able to bind toa T
cell receptor, ich T celk.r eCogrl which =~
‘sequence is abl %eomgg%ugg'%r?t@gﬁ%&g%m% Fﬁgg@d@gﬁ ﬁott%lﬁg’? ggé;%rﬁﬁ-gjé&s uch 'a T cell
receptor. . nggcggmb& ot iffedibyvermins ghutpiinasede 8 seqfencthphempsap ses t he
proteins .defi'ned above. The.invention is illustrated by the acconpanyi ng
dr awi ngs i nepitvpe homprsing peguenaRsHeiipedaliovy, Hus yrbathemuieg l{aﬁ’eﬁ’ﬁom %l " bl ood

nor | 1) ... LLS - . :
for g col benidifeNss Yoy i FERREREPcd il Lidihr SHLE AMMIRCEHED
unt r egteed pggamﬁsm%m?asé gACeqpeitkitiia cdfphsg/suth an epitipadomgrifinge -

~ overl appi ng 15mers spanning A-gliadin.51-85 (see Table lgi ang a-.
chynot rypsi seqlieges bea frggmetiof speioe myfant gliadn prossip 3R 18 ableast S4B 1, -
initially in_ remssion.follown i nged with -
1200g bread - @iff {png 3pd PRRCoFIRNS e??e_ m cfgw c‘{ 1(21%%6%%%%‘1}4}%%%3??6& r esponses
by Subject -2.to {]GityeaabSoso frodeddiphoBiaRhiidnipestsse seqléncepiiinti ingblehe -
.conplete A-gliadin protein during ten day bread challenge (b). The S
~hori zontal axbmdsbascetlayeepiit which dheedimetaptpriseengaiserihg dBentaldiIHeR PBVC | FNIL
ELI SPOT responses to_ t TG treated peptid '3.(s LR A-gl.ladin 51-85)
in 7 i¥livi deaiengis|dp O&P‘ésééi‘é‘@%g‘@ﬁi%e%ﬁgr ?@g‘:‘lﬁ %?ﬁf‘esgsgfggh %ﬁ’@xﬁg&gﬁgt formng .
.cell's per 105 PBNMGyidifinl i@l nvedddorfoviasl PRo@kbhgnsdseepdicgis defined .

above. , _ ‘
. The invention is illustrated by the accompanying drawings in which:
Figure 1 shows freshly isolated PBMC (peripheral blood mononuclear cell) ‘
. 20 IENy ELI_SPdT TESpONSes (vem_calm; shows spot form_ing. cells per 10° PBMC) no
 trans glutaminasé ({TG)-treated and untreated peptide pool 3 (each peptide'l 10 pg/ml)
including five overlapping 15mers spanning A-gliadin 51-85 (see Table 1) and a-
- chymotrypsin-digested gliadin (40 _pglml) in coeliac disease Subject 1, initially in 3
remission following a gluten free diet then challenged with 200g bread daﬂy for three
25 days from day 1 (a). PBMC IFNy ELISPOT responses by Subject 2 {0 tTG-.treated‘
| A-gliadin peptide pools. 1-10 spanning the complete A-gliadin protein dufing 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 forﬁling cells per 106 PBMC), initially in remission on glaten free diet,

ché.llenged with bread for three days (days 1 to 3). The horizontal axis shows days



'"chal | enged with bread for three days" (days | to 3). The hori zont al _ axi s, 'f'“'.':* L

- shows days 1 April 2004 WO 0.1/2-5793 PCT/ GBOO/ 03760 after corﬁTénEﬂ|2$Q4

‘bread. (a). PBMC | FNg Elispot responses to tTGtreated .overlapping 15mer
- peptides included.” in pool 3; bars represent the nean .( SEM response to
‘i ndi vi'dualwpepti®des (10 ug/m ) in 6 Coeliac dis ease. subj ROVSBRIERY 6 or

“7(b). (I'n:individual. subjects, ELI SPOT responses to peptides were - .
‘calcul ated as a % of response elicited by peptide 12 - as shown by-the

vertical axis.) Fi gure 3 shows PBMC | FNy ELI SPOT responses to t TG treat ed

R Boel ac B bR 8Lt s mES PR BB RD (L 0

cal cul at ed a%v&ﬁl'& @cﬁfsﬁé}%eﬁﬁﬁés@&ud@%ﬂ%% Qiakscfebﬁ-;‘éerﬁih@:ﬂMa@(fiS peptides
tested.) Figure 4 shows how the mnimal ‘structure of the dom-hant ‘A-gliadin

- epi It oge W?ﬁ ra:spppactousdmgluamg_ptg\l(aa(ﬂ@d,hghré g.“,zoeggct dl?chsnsm?ti ﬁkedax 6ot M
i ncludin ue adi n -an e
pept i desgvvl t &T‘é&"ﬂ@z‘fi%ﬁ?"%tﬁ“ﬁfbhr D%?fﬁgpf’l?t Wﬁre@%%at%%?s ag4ch
line h Coel

ine rep reseggfesg ghlgi}%j %ﬁ,g_})ﬁla?[ g’ﬁrea § 'ﬂ:{%\feﬁﬁﬂl Bﬁsj ree Coeliac

 di sease-subj i ngest'ed’ on days 1-3.- ('
i ndi vi dual subJ echSgurEB ISBMTBG.&DM-?ELW@T r&pbﬁ};&h af \iiG-asated fundatiohe

response elicited the 17mer, A-gliadin 57-73.) Figure 5 shovvs t he am no
]éPé%\'Prﬁ % FP)

“aci ds -whi ch eSS P &1 leT@mAﬂ@fleF% g eAn(e
. (0-1]M. Wasf\ébé #Pa( ¢ dW%L‘%EJb??&?g ngc)s we% c§7cl:a{ega.?_@L2§%£§1he ma§_mr1] le

product was y Tevers& pha NO acl

anal ysis all %ggns%du@ﬁea s@mp@f;ﬁ@p@nd@g t@%b @ n residue in A-gliadin 56- 75"
B

. attributable to tTG-to be calcul ated (vertical axi's ch Figure 6 shows the:-
effect 18f substi tﬁugtﬁgf‘@h@w how il mipdimal grucuge gf thetdeminanp dsgligdemepitape

oL CprpoPEL Py TP RRRbRE TO TR B R Gl e T iy icipdipe e
QL QPFPQPEL PYE’éqa%é, BePQIY mro@@dﬁc@ms@gﬂ) SRARR SHHRIREH des WAV TG OF

~after _bread was ingested on d’ays 1-3 ertical axis shows,% of the. E65
response. . Fi geatenept bixowish theaubstin@ian @aE6s () Jlach dinn répseszats @@MCJIE/Ng '

FRTARe Ry = I8 e n e e SRRz Nt M TR
~ depl et ga PBNB%G%&%@&%?ted%%%agé PLM [inQR)idiial BYjedh, lnxgpo%p@ﬁws%&g PBNMC

wer e: Subj ect d - Subj

calculated as a % of the response elicited by the 17mer, A-ghadm 57-73)

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

20 HPLC. Amino acid andlysis allowed % deamidation (Q—E) of each Gln residue in
A-gliadin 56-75 attnbutable 10 tTG to be calculated (vertlcal axis).

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

25 QLQPFPQPELPYPQPQS (EGS) in three Coeliac: dlS&B.SS subjects on day 6or7 after
bread was moested on days 1-3. Vertical axis shows: %, of the B65 response.

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

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

R



6: 535). (b) PBMC:-IFNy ELI SPOT responses (spot forming cells/mllion PBMC)
1 April 2004 . . WD 41125793 PCT/ GB00/ 03760 -5 after incubati chApilt2904 .
" honocl onal antibodies to HLA-DR (L243), -DQ (L2) and -DP - (87121) (10'
- gg/m) 1h prior to tTGtreated 56-75 (0 11iM intw cog}%@%eabﬁg
_subj ect sWRoAB3®gous for HLA-DQ al *0501, bl *020.1. Figure the eff
of substituting Qu at position 65 for other amino acids in the
i mmunodomi nant epitope. The vertical ax¥3s shows the % response in t he

3-subjects in relation to the i munodom nant eltope u wsthe' -
i munor eact ifter tncubdtionavith miongclosd aptbadiesdp kH«ﬁ Dbjé?% @é&%@&? R

;ﬁipﬁm”fﬁiui{E?ﬁéa?éjﬁé&é&i%pﬁ?%% G @eﬂféﬁ%?‘zf ey B S“a"ed"
(371 and c -%E #[&O%gg&g%m@@b@albgg@h bqiamoqtlon of peri pheral bl ood '

mononucl ear ¢ fwo coeliac subjects 6 days after commencing gluten
chal | enge -f ol | omp@ubsyﬁ sintves the effect gfsubatiBLnSEon at Wlt@nlﬁcfpho@ﬁwﬂ@% o

(25mcg/ M), tTGtreated chynotrypsin- est ed d| n.{ 19 or 'PPD
(10 ncg nl ) acids i th@@magoda%%% g“‘-ﬁ? (Ljﬂlhg"ﬁmé‘n ‘é fo ‘r?sa‘{&gé{cye#‘? |
epi tope. | engt thohf gﬁmaﬁ ek ni ng of the core epitope
sequence. g E‘?g aﬁ%ﬁ%é gw thgaagonl S 1agt ivity of A-gltiadin 57-73.

QE65 variants. E@@é e sﬁ&vﬁhemmuaemmmmg of nawirdifysrcentioglipdnpepfes ups.

Det ai | ed description of the invention ‘term ".coeliac ,
. enconpasses (mespsog Fasperses EoR0d ﬁ‘%bdﬁ%g) ngyR heSFRHRG° g@g?gsv?ﬂbf gl uten

sensitivity, udi, n ﬂa&ﬁ%& gd by a flat snal |

i ntest.inal &ﬂ’@gi‘h ygg.tpuf@\l/%%)gaafz}?é ous atrop yc? and ot her forns ‘

- char aci(?rl sed b*ﬁﬂr’z%"sﬁ Srr@b@n@}yﬁ@,e an B eE 4 uﬁllc,ﬂmmomagdemhmm (in the
context” of .diagndsts or therapy) is human. They nay have coeliac di sease

© (synptonat i ¢ielergs ¥ péripieial blood mdventlguicelisiZom ryasoeliassipiapt élﬁ}’%f
A-gliadin 57-73 QE65 with other_ pepti

in a dose res dy Figure
13 shows a caftepesrhmenciog g‘glmﬂa@ﬁﬂe%%é‘ﬂg’"&dl ‘%’d‘PFF“% %ﬁﬂ@@%@%
gliadin 57-73 QES5 (25mcg/ml) tTG-treated chymou-ypsm-dlgested 011adm ¢! 00 ‘

ect

' mcc,/ml) or PPD (10 mcg/ml) were used as antigen.
15 - - Figure 11 shows the optm:tal T ce].l epitope length. .
~ Figure 12 shows a comparison of A-ghadm 57~ 7: QE65 with other pepndes

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

_ o responses ‘ ,
20 Figure 14 shows the bloactmty of ghadm polymorphlsms in coehac subjects.

| " Figures 15 and 16 show the defining of the core epitope sequence.
Fxgures 17 to 27 show the agonist actwrcy of A-gliadin 57-73 QE65 variants.

F1gure 28 shows responses in different patient groups.

25 Detailed description of the invention

The term ‘coeliac disease’ encompasses a specm of conditions caused by
varying degrees of gluten sens1nv1ty, including a severe form characterised by a flat
small intestinal mucosa (hyperplastic villous atrophy) and other forms characteris ed
by milder symptoms.

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

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



‘responses. . - Flgure 14 shows t he bloact|V|ty of glladln pO|yﬁDthISﬁE |n
coeliac. subjects. WD 01/25793 -6 PCT/ GB00/ 03760 suspected of hamilR2§04t . _
- They may be on a gluten free diet. They. may be in an acute phase response .
'f(for exanpl e they may have coeliac disease, but have only ingested. gluten -
i'n-the.l asw@s/5m3r s before which. they had been.on a gl ut erct/Geevelizeg for -
- 14 to 28 days) The i ndividual may be susceptible to coeliac disease, such
" as a genetic  susceptibility (determned_gor exarrpl e by t he indi vi dual
having relatives Wwith coeliac disease or possessing genes which cause
pr.edi sposi ti 6@% g tWenk Gal a -
pepti de, for% je&eﬁg)?(h)]?%%ngt gﬁ%’ é%%{r';!a'tg fg%l é& %Eﬁgﬁygsémigﬁtagﬁzo or
15 to 30 am rphaﬁcm nbm(fbeag:tntple theﬁﬁ@yl Havhich dlidcslifea¥ebithavEbglyl iRgdd@d2
is. Q_QDFPQDFLPYPQD QIDNO 3 is' shown in Table .1 and is. t he
sequence of glwmmerhp\lﬁt k‘ééPWS bfese WL thesbad %ﬁnﬁéﬁﬁhi’téﬁff&eéfﬁgl!@ﬂ% NO 1
- (equi val ent % sjl tion 9 of SEQID NO 2) is generated by transgl utaninase
treat ment of "S‘V Yadin.. . The agent may be the peptide represented by
SEQ ID NO'1 or 2 ofhe3AdioRiukPRay 66 §RC dﬁﬁh’!&t&&ﬁﬁﬁ@@x@eés@%hc]@@i@ﬁtrﬁeﬁ% SEQ I D
‘NG 1 which is an.isol ated ol igopepti derived froma gliadin protein; or
- an equi val entsusdeptititie(dstemmine der ¢>¢agmlaby1ﬁ1eundw1dpal hﬁ@mfﬂlaﬁgeﬁgw.lthdpwac

_protein which is- a hom)lo ue of NO 0 y be.a
“derivative offifeR¥ QROPHF %85‘?6«35@%&@8%%?@513 1000 eg’gcﬁmgasaﬂﬂl vative is
typically a fragnment -of the gliadin, or a mutat ed ~derivative of the whole

protein or fragnment. Therefore.the epitope of the invention does not
‘include this Tetagetl | y occurring whol e gI‘ iadin proteiii, and does not

| ud t her whol t II di th
]b(relcauf rejégrreﬁ{ ofO i Pﬁagﬁgﬁrlggt aglccurrl B%fgﬁl’a ol Wléﬁv“ggﬁgéb@? ﬁéd%egaence
of SEQ ID Nosu(l:h asofg{ymm[, ES %’3%5&%‘4&9&3%% éyh or partially) wth:
: W by 2,

“~transgl ut ani nase nor e utam .nes substituted .to -
- glutamates- (i ncl GHQID NE: 198BQPELPY. SEQIDMN®: 2SEQUQPHBQPEI)PY}SQEQS
-fragments may be' or may include the seqguences represent posi thFons 55

‘to 70, 58 to SEQIBNG:3 iyshasm Be3hio! &@e%wewc’fam@
'crluta.mate at position 4 of SEQ ]D NO:1 (equwalent to position 9 of SEQ ID NO: '7)

15 1s generated by transglutaminase treatment of A-gliadin.
| The agent may be the peptide represented by SEQ D NO lor 2 or an epxtope
.corﬁpnsmg sequenc_e that comprises SEQ ID NO:1 which is aniwolated ohgopepnde
derived from a gliadin protein;‘ or an equi\falerit of these sequenees from a haturlally
occurring gliadin protem wlnch isa homolooue of SEQ ID NO:3. Thus the epitope .
_. éO' R may be a derivative of the protem represented by SEQID NO:3. Sucha derivative is
typlcally a fragment of the ghadm, or a mutated derivative of the whole protein or )
o fraoment ' Therefore the epltope of the mventxon does pot include ﬂllS naturally
occum.ng whole gliadin protein, and does not include other whole na.turally occurring
_ gliadips.. o : _ .
25" - The epitope may thus be.a fragment of A-gliadin (e.g. SEQ' ID NQO:3), which
comprises the sequence of SEQ ID NO:1, obtainable by treating (fully or partially)
with transglutaminase, i.e. with 1, 2, 3 or more glutamines substituted to glutamates
(including the substitution within SEQ ID NO:1).- )
Such fragments may be or may include the sequences represented by
30 positions 55 to 70, 58 t0 73, 61 t0 770f SEQ ID NO:3 shown in Table 1. Typwajly

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



- gli adi n™ pr éewriRgd {FER WHES §

such fragnents will be recognised by , T cells to at |east the'sarrg extent' |
~that, the 1 April 2004 WO 01/ 05793 PCT/ GB00/ 03760 pepti des reprlieAmit28dd by
- SEQID NO 1 or 2 are recogni sed in any of the assays described herein
usi ng sanpl es fromcoeliac disease patients. In the case epi tope
conpr-i se %Olé’é‘asﬁence equi val ent to the above epitopes (Fﬁ@{%{l P)Hg’%" ,
fragments) fromanother gliadin protein (e.g. any of the gliadin proteins
mentioned herein or any gliadins whi ch7cause coel i ac di sease), such
- equi val ent sequences w | | corresgond to a fragnment of o}ﬁﬁl iadin protein
typical |y peptiiseebréseatet balSBR B NQul py3 atgirepoenisap St AHGES®S Such - -
equi val ent pepti des can. be d%té rm ned. b§. al ie%ghé}gs t he sequences of ..ot her
CHPRG: m'ﬁe’lac ﬁ?ﬁarfpl e usi'ng any of the prograns
mentioned herei TLansale i N8 se compEREHREAieAtd squdvabdnk abthe abéveg. Si gna
T-5398)-. Tabl eq'ﬁt%er%w es exar%:i)tlags ofpsuivt a}bfde eqetﬂ val ent. sequences. The
agent whi chpitsp@ninhdinguemnents) fpabietul ehelingrotedysi SEPTBE B1afER  which
recognises (i) or (ii) Therefore generall.y when the is added to T
cell's 5n tipeotoins Seansangst hersip 06?’13’(&f"‘%‘,‘mtwgl&5%%,"%‘3@@%%4’3%38% esence of an
antigen presentjing c & B RiBmat of DA CEroM@Atypenad herein}, -
t he anal ogf@u“ﬁa#ﬁ‘?%?qﬁéﬁcte%@arp)é%o%‘f‘{m i )oor (it), i.e
able to conpatey (phially by fully) with tensghutsmotase SychtegmvalEhepephideoeiddenay be one
which is capabl e of .binding.the TCR which recognjses .(i Fr~(Gih)a  Such
" bi ndi ng cammwmt%%%ﬁﬁﬁ\é\g?ﬁgﬁ%?%“ﬁeﬁmfaﬁgh %%@%Dt}ébﬁsm ated
fromT cells which,have-h HELLHA BEeib).) TQRsdlhthhin6e . USi ng the
met hod of t %r?xﬁwm?sbnr%@%%gnt%{}@?%g%&?on Gt the bi ?’ldl ng %f t he anal ogue to -
the JgRs c@%&&%@%&gﬂh@@@ﬂ@mﬁ Ti5Ag3 W Rsbleet prokialed ©RsnpleAlisitahlpe
bi nding of the analogue to a substance that binds the anal ogue, e.g. an
- anti body t oequrenlemabggoess. Typical |y thhe-anal ogue is bound to a class 11

Typi cal Ly the. anghoaEe: Pt F Ml R eppbledr pRR - SR BUPETERY 1

Ition of ( , i.e. the analogue is -

this case {he)anDiitseof) bf (i) OThérefore ydtiepdilyomtrentthashaddpne TORIded ta e presence .

of thhe anal ogue is ™ decreased. This is because the ana*ogu'e. is able to bind
the TCR andcélhenehopresenconp@l erdihitymcaliy)alsy mthe presenee B #HAH§ o the TCR T

col s for use in. the, 3Ravs Blad DY SRENPEE U5 el b ghe om
' inhibits the recognition of (i} or (ii), i.e. the analogue 1s able to compete with (i) or |
(it) in such a system. ' o o | B '. |
| The analogﬁe may be one which is capable of binding the TCR which -
fécdgnisi':s (i) or (if). Such binding can be tested by étandaxd techniques. Such TCRs
| 2b | can be isolated from T cells which have been shown to, recognise (i) or (1) (e.g: us'mg :
. the method of the invention). Demonstration of the binding of the analogue to the
TCRs can then shown by determining whether the TCRs inhibit the binding of the
analogue 1o 2 substz;nce that binds the analogue, e.g. an antiboﬂjr to the analogue.
Typically the analogue is bound to a class II MﬂC molecule (e.g. HLA-DQZ) in such
25 an inhibition of binding assay. )
| Typicaﬁy the analogue inhibits the binding of () or (i) to a TCR. In this case
the amount of (i) or (ii) which can bind the TCR in the presence of the analogue is
* decreased. This is 'bécause the analogue is é'ble to bind the TCR and therefore
competes with (1) or (i) for b'mdi.ng 1o the TCR. ,
30 T celis for use in the above binding experiments can be isolated from patients

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



© with coeliac. disease, for ‘exanpl e with the -aid of the method of ‘the-
“invention. .1 April 2004 WD 01/25793 PCT/ GB00O/ 03760 -8 C her b|1rmfﬂ§004 '

‘characterlstlcs of the anal ogue may also be the sanme as (i) or (ii), and
thus typically the anal ogue binds to the sanme MHC class || nolecule to-
~ which. the bi nds (HLA-DQ).. The anal ogue typically

“ant i bodi es’“?gog%% |§c for (i) or (ii), and thus inhibits bin |ﬂn§§o¢l&€60) or

. (i1) to such antibodies. The anal ogue i s typically a peptide. It may have

hormol ogy with (i) or (ii), typically at-Beast 70% honol ogy, preferably at'
| east 80, 90% 95% 97%or 99% honology with (i) or. (ii), for exanple"
-~ over a regi ofthér mdms&hmﬂellalcﬁof&e(@amguamatyrﬂso teerthé samd em@)dsr(m), doble

“anal ogue and/ or ros t he 0 contacts_ the TCR.
or binds theR# é’?ﬂzﬁﬂg‘cﬁig 2‘10 ?‘r’lé eé?ﬁ“ﬁi}%gt %%&‘?@&5 1PRiEr ing
. protein honol | 0d by

those of ski Qﬁ’t’fd@*‘lﬁd@m T ”‘”rn%%ﬁ%“ IS tidinth heiBRice DISEE A
'cal cul at ed om(m)e:idniaﬂmsmﬁbmrbmmng@f@) bd(ar)ttr;hrych(mhedhleﬂes referred to as

"hard honol ogy"). For exanp)e the UNGCG Package provi.des the BESTFIT
pr ogr am=whi ch carf Hs@0esvE I54yRistllA ReRsidso Momayheverhomalegihpith (D sedilon its

- defaul t sett ( s r.ch

- p387-395) .- %%UIYE’JBE’&/ ?‘f&ﬁ%gﬁottgré% é}%w%&can Og‘ﬁﬂ&‘ge%ﬁ?,b céloc(, %é"te

- honol ogy or hbﬂewtgy&eml@hcﬁ@)(foyatamﬂ)lb)ﬁvemrehhﬁﬂdf 2t RAQUIStm SRt (b dRGS the O
exanpl e as described in Altschul S. F. (1993) 7 Mol Evol 36:290-300;

Al tschul ,- S, entitgtength of Sgenalgenmindiprl) @iE),Ap3cmes thesegiorn P thaontrstsitbe mi ng -

" BLAST | | through th t t f B
Bi 0t ecinol o R G R B ARG B e s SE RisGhuriaiy

invol veg firg rotelq%hroﬂ%@yrme bietknB6/0h Ak SEHER G681 Bauhdd 5B Lﬁ iayose of skﬂl

~:identifying short words of length Win.the query  sequence that either :
match or sat irsthe ar@bﬁemﬂmm#ﬁ%%bﬂehbmhlpgs&ﬁmmawmﬂhw&wm ofl ingave d with

a word of the th.n a base, uence. T is referred to as the.
nei ghbourhooﬂc‘abﬁ?re‘é:L Esgglef‘ﬁ’re& 8’1’ O3 ey ﬂlﬂm&%Y &, . supra). These .
“initial nei ghbour pgpg e il & e Pask E&&hbﬁ'ﬁt?mi“ 90 sanahes to

find HSPs containing them The word hi taésé'%gﬁl ext ende @ d| rg?:tlons

al ong each ‘seapieencedfio calalslafeehonadog}h@‘onmaﬂ;ﬂd: iised oal itsglefmilt sest@s e can -be
ach direction are halted when:

R ‘It Egr gﬁﬁfg?at FX g‘?@%‘gﬂﬁ%ﬁ& 9§62)& Ex}?’élff%d-biﬁ‘seﬁ"fitlﬁep%ﬁ?a?ﬁﬁSt yosPEEBRPiaed maxi mum. “-

e o BEAST A lsVah V€ 8EP 5l hOmBREf or fhe B Qfen MRl
on their default settings), for example as described in Altschul S.E.(1 993) J Mol
Evol 36:290-300; Altschul, S,Fetal (1990) 7 Mol Biol 215 403 10.

. ~ Software for performing BLAST analyses is publicly available through the ,

20 Nanonal Center for Blotechnology-lnformanon {bttg lrerorw.nebi nlm nih.gov/}, . ' - ) _-

' This aloonthm mvo[ves first 1de:nt1fyn:1cr hlgh scoring sequence pair (HSPs) by

identifying short words of 1ength W in the query sequen ce that either match or sa.USfy
some positive-valued threshold score T when aligned with a word o_f the same lepgth
 inadatabase sequence. T is referred to as the neighbourhoed word score threshold
25 (Altschul’ et al, supra).- These uunal netghbourhood word hits act as seeds for'

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

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

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



nore negative-scoring residue alignnents; or the end of either sequénce i's
. reached 1 April 2004 WD 01/25793 -9- The BLAST al gorithm par arfefrl200¢ T

. and X determne the sensitivity and speed of the alignnment. The BLAST

~program yses as .defaults a word length (W of 11, the Bk ring :
matrix ("é’@&lﬁéaﬁi}koff and Heni koff (1992) Proc. Natl . Acedggcélﬂ.agﬂﬂg%\&%: |
-10915-10919) alignnments (B) of 50, expectation (E) of 10, M5, N=4, and a

conpari son of both strands. The BLAST -al-gorithm perforns a statistical
-analysis of the simlarity between two sequences; see e.g., Karlin: and

Al tschul ( ]I%g@LAgg'PEl oNHnd parA@@rs WCT.and SSAet8Biin&®éIedsliBity dddepemiasfur e of -
“simlarity provided §y the BLAST algorithm is the smallest sum probabili ty

(P(N)), whitghaliinensnt eEheBLASTiprogrammses astdefaults o tvetsil lenggh §F) obileBita nat ch

Delveen (o Ul 0L L0e. o ST 1o AL SPURIESE O el ghance: For

smal l est s I dah ¥_1l QiR A% 40N exddctagiby MCRI=t50 N=Re - second
sequence i ;ggigjsés)&?ﬁaﬂrggg%olg?l%) 'lﬁr e?lztrgg%?%/f I ésjéﬁ tchann?t;’(;t{? 0.1, nore

preferably Jn@ssontphasonadttioth Srahs. and nost preferably Iess than about: '
0. 001. The honol ogous peptide anal ogues typically differ.from (i) or (ii)
by 1, 2, 3, 4, FheBlAST algprighm parformy %%ti/sﬁ ?’(Jev)glfﬂér? MG B Sbst i t utions,
del etions qr inserti - T o i &1 FHpENACHeSS Seny of the
regions ne(r)llﬁt%?leél' gﬁ%@% ik Q(?EZ '3??%%ﬁltagﬁca| cu’]ggt?%g horol ogy. The :
~substit uti opgaaespreiEaihe meansaf\satilariy pra(IvdCBabe BR26T dperttbmar e

- defined according to the follow ng Table. Am.no acids in tfglreﬁ sanme block in
the second sdhasmeliestupr pobRHBIRPN), Vhish Syadesiandnqifriond rd col um may

TS A Tt A i

occur by chance. For example, a sequence is considered similar to another sequence
if the smallest sum ptobabilify in comparison of the first sequence to the second
"sequenCé is less than about 1, preferably less than abo'qt 0.1, more preferably less
than about 0.01, and most preférably less thao about 0.001, o _ |
1 5 ' The bomoloéoué peptidé aﬁalogues typically differ from ('}) or ii)by 1,2,3,
. 4;. 5, 6,7, 8 or more mutations (which may be substitutions, deletions or insertions). ;
.These mutatioﬁ may be measured across any of the regions mentioned above in
" relationto éalcﬁlating homology. The substitutions are preferably ‘conservative’.
"These are defined according to the following Table. Amino acid; in the same bloék

20 in the second column and preferably.in the.same line in the third column may be

substituted for each other:

ALIPBATIC Non-polar - GAP

| ' 1LV
Polar - unc;,harged CSTM
N-Q-
Polar - charged |pE
| KR

AROMATIC - HEWY

25

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



"CSTM N. Q. DE KR HFWY Typlcally the ani no aC|ds in the analogue at the
~equival ent - positions to anmino 1 April 2004 -W 01/25793 PCT/ GEChPHiZ986 -
‘acids in (i) or (ii) which contribute to binding the MHC nol ecule or are

zirespon3|ble

for the recognition by the TCR are the sane or are conse

10-

rved.

 Typi cal |y \y§%1/2084 ogue peptide conprises one or nore modifiggaidaRmnshi ch
maybe natural post translation nodifications.or. artificial nodificatio

'~ The nodification may provide a chenical npiety (typically by substi t ut
-of ‘a hydrogen, e.g. of a CH bond), suth®as an ami no, acetyl, hydroxy
hal ogen (e:g. fluorine) . group or- car bohydrat e group. Typlcally t he.

. modi fi cati onadids ip(Boef) whichisenmibyte tebinsling theMHCTnelegirlalon aiesespepsiblanpr i se

. one or nore.

chain differ

t ur al f e ds with
bt PR g e Ger S A Bt § 0 ho ron- nat ural

~acid, wll haveL ﬁ)ﬁcﬂﬁfﬂﬁe@ﬂﬁogﬁ@ﬁ%d@c&bﬁﬁﬁ‘oﬂu& mBRemdAFTJAAbAY, hichm
an -

~acid may be

a'D- am nd acid. The anal ogue typically has a sha

- si'ze, fl exi bipkybynamnradipesitiramsiatios onddifyeatiens emaruhtiehmpdifcabetsarieal | y

simlar to (

one enbddi ne%%)d%@néﬁé?ww@%a \é‘%"iﬁg!%ll g‘ﬁ(rj(g{f’:ég g’b\é’gﬁ%@ﬂé@& ?fotfehé‘}é

"SEQ I D NGO -
non-gl i adi n
(ii) bound t

£ .21 b&d) 2R Gt L ab g&m&a} Ia&& PEPARESr Hﬁ&%&n‘){éegd fishcHN; 2

sequence I n“one e At th ana ogue | mmcs’(i)
&rodp bHearbblassate gﬁoupnl'l@pmaﬁy t}ﬂ:mo&,ﬁcét:cm ispogseniodn the dhorc@ Nl

- may be aSSOCIated or bound to each " other, for exanple using a
bi otin/strepteaynys.n based system i-n whi ch typically-2,- 3 or 4 biotin -

L gbell o] M ol bl BB Gk P B b b a0 to

a TCR @  ankizhoa atiiotddidsswisipe sidk ichaih @ifférbe fephexal aktito atidd. ogue
~is.typically an’anti body or a fragnent of an antibody, such as a

Generally, the nop-natural. amino ac1d will have an N terminus and/ora C termmus
The nou—natural amino acid may be an L-ora D- amino acid.

The analocrue typmally has a shape size, ﬂeublhty or electromc

ns.

[ on

or

i de .
am no
no

pe,

ce of
nd
.or
exes

~ configuration thch is substantially similar to (1) or (if). It1s typica.lly a denvatlve of

1.5

(1) or (if). In one embodlment the analogue is a fusion protein compnsmU the

E sequence of SEQ.ID NO:1'or 2 , or any of the other peptides mentioned herein; and :

o1~ crhadm sequence:

“In one embodlment the analogue is or mmucs (1) or (it bound to a MHC class -

" 11 molecule. 2,3, 4 or more of such complexes may be associated o_r bound to each

‘20

25

other, for example uS-ing- a biotin/streptavidin based system, in which typically"z, 3 or
4 biotin labelled MHC molecules bind to a 'strepfevidin moiety. This aﬁalogue —
typically inhibits the binding of the i) or (ify MHC Class I complex to 2 TCR or
anubod) which is specific for the complex. o

The analocue 1s'typically an anubody or a fragment of an antibody, such as a

Fab or (F ab), fragment. The analogue may be immobilised on asolid support,

' panicularly aiy analogue which mimics peptide bound to a MHC molecule

30

The analogue is typlcally des1gned by computa.tlonal means and then
synthesised usmo methods known in the art Altemanvely the analogue can be
selected from a library of compounds. The Iibrary may be a combinatorial library or a
dlsplay library, such as a phage display library. The hbrary of compounds may be
expressed in the display library in the form of being bound to a MHC class It

RS



" Fab or (Fab) fragnment. The anal ogue nmay be i nmobilised on asoljd -support
. particularly an anal ogue which minics peptide bound to a MHC M%’H@BB“ .
. The anal ogue is typically designed by conputational neans and then o
synt hesi sed usi ng net hods known in the art. Alternativel | ogue can -
be sel ect*®d#2FEh a library of conpounds. The library nayi{g}é{%%o@gﬁﬁq nat ori al
library or a display library, such as-a phage display library. The library:
of conpounds may be expressed.in the dilslplay library in the formof being
bound to a MHC class Il 1 April 2004 WO 01/25793 PCT/ GB00/ 03760 --11- '
- ol ecul e, sueiecak, HoA-aDITLA-BQE. obnrsgues aregeeneniy bslegel Eohdlk library t he
I'i brary based on their ability to mmc the bj ndi'@(%c%arl%g}eri stics (i) or-
(ii). Thus baey opayelr Bliyde sumahp huwkngoehagstanstiss OPThithdlBes #28¥ BAY ant i body
- which recogpi s ' i { -gﬂ,e§-' ised by T
cells to at Q? @%gﬁt‘g% %%g‘ggélgﬁdlg’xttxéﬁfgggka%% g? thehl\g%gér?? %ﬁﬁs)%g)rgq%)lsl ), for
-exanpl e at | east TypichipamidomReewilEbd reasgdibea byeT|vellsab eniease ietsape exnght
preferably to the sanme extent as the peptide represented by SEQ ID NG 2,
is recdgni seslannofithy agants (WeordE) Arccrgmake stiragt ladhesame ¢4t edtey using T

- cells fromcoeli,ac, disease i L Anal o E’E \ . i -0 these -
“extents in 'BWWBIC’%@IFPH%%MH%?% eﬁagwa%l%%%n? %‘g%u?e cgﬁg?té%ee%?%g%@ggg npt ons t0
at | east 't NQERPNPNEKD G0 ecaSnitdlyin @hy bi@icABRRNE SestEBed Itel, picaliyueg¥. in a
human patient or animal nodel). Anal ogues maybe identified in a method .
conpri si ng defisfromronige digvatepatients. danlgigues maxbperegnitedita these ogMSEY by a T .

Ccell tor tha i an.epit f the i tj cogpition of
the subst aneEoRAIRETALS Bt CrRL S perstare mPals By st S5  ors may
be. any]]d)f t Ret T CRSarfRITth OR ks inGbRled RepeinTRY. A& hupf@FRaEnteRadimeel | 5. Any

sui tabl e assay nenti'oned ‘herein can be used to identify the analogue. In
one enbodi nmemddedhi s nethod. is carried out in vivo. As nentioned above

preferred anal re ised to.at |east the’ tent. as..the.
Pept i de- Se0 | b NERSEEn ey S HrR et s pempbent AOEPR R oA ogues
which are recognlseh ok i So@i@Rby s NeaNRobadkTERenlsbPaipd agonpr | ses

det er m ni ng er a candi date stance is able to inhibit the
recogni ti on bé irdentfi rapenitbn binhe isulvstartce dndicatinigithet theubgifnaedsayni t i on
~indicating that the substance |s an anal ggue. Theeggent may beba pr oduct
conpritpng eanalognet Sych ECRy mappe sy glyib IS Regnentioned Herein, and'may be .

present on T cells. Any suitable assay mentioned herein can be ué.ed'-to identify the
* analogue. In one embodiment this method is carried out in vivo. .-As‘rdentiox_:led‘ '
“above preferred analogues are récognised to at jeast the same extent as the peptide o
SEQ ID.NO:Q, and so the method may be used to identify analogues which are
20 recognised 1o this extent. | |
| In one embodiment the method comprises determining whether-a candidate -
substance is able to inhibit the recognition of an epitope of the invention, inhibition
of recognition indicating that ﬂ_lel substance i$ an analogue. ‘
" The agent may be a product comprising-at least 2, 5, 10 or 20 agents as
25 - defined by (i), {ii) or (iii). Typically tﬁe composition comp_rises epitopes of the
invention (or equivalent analogues) from different gliadins, suchlas any of the species
or variety of or types of gliadin mentioned herein. Preferred compositioﬁs comprise
at least one epitope of the invention, or equivalent analogue, from all of the gliadins
present in any of the species or variety mentioned herein, of from 2, 3, 4 or more of

30 the species mentioned heremn (such as from the panel of species consisting of wheat,

1ye, barley, oats and triticale).



~.defi'ned by (i), (ii) or (iii). Typically the conposition conprjses eBi'tope's o
of the invention (or equival ent, analogues) fromdifferent gl‘ﬁ%féﬁ"r?g,‘*such

..as any of the species or variety of or types of gliadin nentioned herein.
. Preferred conpositions conprise at- |east . one epitope of the invention, or .
- equi val entw@pgtsogie, fromall of.the gliadins present in aaygoohhRe - :
speci‘es or variety nentioned herein, -or from2, 3, 4 or nore of the species
‘mentioned herein (such as from the pane I2_‘ of species consisting of wheat, =
‘rye, barley, oats and triticale). 1 Aprit©2004 . WO 03125793 PCT/ GB00/-03760
_12_ Diagnosis As mentioned above the method of diagnosis of  the invention
‘may be based on the detection of T cells which bind the -agent -or on the '
‘-detection ofpaphidodi es that recogni se the agent. The T cells which

‘recogni se the, -agent in the method (which.includes the use mentioned
~_above) are gener ah$ meftiendd abovithetméthodobdiegngsissof semmiventsedminby basedt o

. gliadin. As nentioned.abg e-uc%l‘, ntigen-experienced T cells: have been :
found to be JfrBEdRECHP ?fﬁféc?)l Y ﬁ]ég’aﬁd tg??)%ﬁitol'ﬁn&l‘?éjeeﬁ%fl%al’% 1Ed4ts can
be contacte i I gnt i-n vitro or in vivo, and determ ning whether
the T cgl I sdTF}éS gr?ittis}ea%e‘agent ‘can be performed in vitro or. in-vivo. Thus

‘the invention proVhelEselishehialyestoghine thesspentrinahamethod (whicliingndsithe use

“practiced on the hunman Bjody., é)légferent- agents are provided for _
si nul t aneousmentnagd pbave) ac Ssegaant] calls ydech have ern BreriennBeLd FY&AR vitro

met hod is typicall ' SN us._sol uti iyt ' he, .agent
7% added. ey Ay BRIRH Bbe WL OIS RRISUA B b R Tl g BT
enbodi nent s 4rbent¥iGse gerdshesd dibddel ow) .- The term “contacting' as used herein -
i ncludes -addi ng the particul ar substance to the solution. Determnation of 7
whet helOt he T cellnghe medgditkeTcrls eandretcontactpdrieittathepgersriv visho efdtigdnd, ng a

change in the state.of the,T cells.in the presence of the.agent a

et ermi i ng. SRR RS B8 T Sk ol RS R e by pheRAE hn o o
-general l'y - Gausgd Tihs ¥ ihGamios RReVilitnt WasGt: ironak iRt hemddoffiadibsis T cel |
after the TCR binds the agent. The change of state may be neasured inside
‘(‘e. g. " changeprasticed bn diveiimdndrody . dxifiernns agemtsodre proidadrfe) siowliemesisde (e. g_
detection of secreted substances) .the tﬁogel |'s. The change in state of the T -

cell may be SERT2ESSEIEPIYUSF Frriehdamrtiodecreti on of :

15 .. The in vitro method is typically carried out in aqueous solﬁtion_in’_co W_hich the
Vagen.t 1s added. The sohution will also compn'se.;thc T cells (and in cér;ain
embodimén’_cs the APCs discussed below). The térm fcontacﬁng’ as used herein
inchudes addingnthe particular substance to the solution. o |

'De_terminaﬁon of ﬁhether tﬁg T cells rec_ognjsé the agéﬁfc is generally done by
20 . detecting a change in the state of the T cells in the presence of the agent or .
o determining whether the T cells biﬁd the agent. The qhaﬁgé in state is generally
._6aus§d by .aJ:l_tig,en speciﬁé functional é.ctivity; of the T cell aﬁér'th'fc' TCR binds the
ageﬁt. The change of state may be measured inside (e.g. change in intracellular
éxpression of proteiﬁs) or outéi.de (e.g: Vde_tecti‘on of secreted sﬁbstauibes) the T cells.
- 25 " The change in state of the T cell may be the s1i:art of or increase in secretion of |
o a substance from ﬂle T cell, such as a cytokine, ‘especiaﬂy IFN-y, IL-2 or TNF-a.
Determination of IFN-y secretioﬁ is,pa'rticularly preferred. The fsﬁbstance can
" typically be de_téc?ted by allowing it to bind to a speciﬁé binding agent and then
measuring the pfesenﬁe of the specific binding agent/substance complex. The
30 sPeciﬂc biﬁding agent is typically an antibody, such as polyclonal or ménoclonai

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



a substance fromthe T cell, such as a cytok| ne, especially IFN-y, IL-2 or
TNT-a. Determination of IFN--y secretion is particularly preffPd@i04he.
subst ance can typically be. detected by allowing it to bind to a specific -
bi ndi ng . ,sa43d then nmeasuring the presence of the spseriiseohigsi ng
-agent/ substance conpl ex. The specific binding agent is typically an .

~anti body, such as polyclonal or nonoclonal antibodies. Antibodies to
cytokines are commercial ly avail able, can be made 1 April 2004 WO 01/ 2,
793 - 13 PCT/ GBOO/ 43760 usi ng standard té’éhni ques. Typically the specific

bi ndi ng agent.. t |el | sgde on a solid support. After the substance is -
allowed to b?sﬁ%gﬁ FIH:“ 5port can optionally be washed to renove '
mat eri al which isrt &al RBE sfdcER! UiNdiR ik \91%%91.1 st ance
conpl ex may be detfe}gt e% by I{ISI ng a s%gigrﬂlléxsbl ndi ﬁ%ﬁgg&elnatss\i/\lﬁlsc I'l" " birnd the
conpl ex. Typthe atbsjenches alowsddo blglémlue fuliddsppdrecaudrsivastebavashed td e which is

different fromthe, si first-age The second agent is
pref er abl y . FTRHNE BT S?Swgfvi\’gl? QOHQQB%%F %“P@&W%&lemﬁ?:éew‘&bswcea _
detectahl e | bes, L' d agent
‘whi ch |§ typic Ihlmi/;{l gﬁgl edgggpgetg Ig?)gtg)orn in H"E:%%}D?&EE et ec{ﬂabl e |abel.
For exanpl e tdmpieechymcalyehe Secondaycanobmﬂsﬁxesabhmﬁelalnammh iadifferdnng
detection by_a third gtngn conprises a streptavidin nol%égand ' '
typically al izam.th%mw?s@ﬁﬂ efustazgat g&?é‘tﬂf’édﬁ%’éﬁpﬂaﬁf@%% f¥rent the,
det ecti on sya# %@ng&ﬂl&&ﬂy%‘ﬁﬁd'ﬁc&hﬁy E’éet‘é{;t‘éﬁelztﬁ,lei SPOT assay described in
a

WO 98/ 23960 t assay y secreted fromthe T cell is bound by a

first 1FN-y speC|Thusthen*secbn«ﬂyaamdnmtzbbsietemmbylalmdamtafhmhsﬁ!zpusaupport The
bound IFN-y I's then dﬁt ected using a second |FN-y specific- antibody which

" is | abéPl ed lapeledfigetinet merectydtyer detegihie labela dior esamelsthessagndagsnbe

2on” e usen TV SRR SR DRl HRr e EhB5Ts pL BELRRL ARIBHTL D |

can be nmeasugegtaidin biviéthend nepicils alkaline piephabaie afeteztbitiapges by the T
cell, such.as the uptake of thym dine. The change in state may be an

increase in the sIfZ@etﬁﬂttDHéﬂq“té@ detectign spytem Whaehisiveed isttha ¢¥evi0 cel |'s, or 'a_: -

Shenge, L, Cobbr St gy AL Tl ol L et o R o 1o00e
15 cell is bound by a first IFN-y specific antibody which is meoblhscd on a solid
S support. ‘The bound IFN-y is then detected using a second IFN-y specific Emtlbody
'w}uch is labelled with 2 detectable label. Such a Iabelled ‘antibody can be obtained
- from MABTECH (Stockholm, Sweden). Other detectable labels Wi:uch can be used
are chscussed below '
20 The change 1n state of tbe T cell whlch can be measured may be the increase |
| in the uptake of substances by the T cell such as the uptake of thymidine. 'I'he
change in state may be an increase in the size of the T cells, or proliferation of the T
cells, or a change in cell surface ma.tLe:rs on the T cell.
In one embodiment the change of state is detected by measuring the change in
25  the intracellular expression of proteins; for example the increase in intraceltular
expression of any of the cytokines mentioned above. Such intracellular changes may
be detected by con_tacﬁné the inside of the T c;ell with a mozety thét binds the
expresséd proteins in a specific manner and which allows sorting of the T cells by
flow cytometry. |
30 In one embodiment when binding the TCR the agent is bound to an MHC
class I molecnle (typicall.y-I—HdA—DQZ), which is typically preéent on the surface of



- contacted in the et

-.'t he [ ntracel | uI ar expre55| on of prote| ns for exarrpl e the increase in.
dnt racel I ul ar expression of any of the cytokl nes nentioned abo\VAPrilSeH
~intracel lul ar changes may be detected by contacting the inside of the T
~cell - with a noiety that binds the ‘expressed proteins in a specific manner-

- and -whi ch MOloeaT93Or t i ng of the T cells by. flow cytonetryPAIVGRI0&3760

~ enbodi nent when bi nding the TCR the agent is bound to'an MHC class ||
“nmolecule (typically HLA-DQ), which-is typi cally present on the surface of -
© 1 April 22004 WD 01125793 PCT/ GB00/ 03760 {4 an antigen presenting cel |
(APC).. However as mentioned herein other ‘agents can bind a TCR without the .-
need t o al 5o i didiga phlGglcEI(APC) GRAREAL LY pidhorkytRtdie ol Bl o

_ od aré taken tromthe . I VI ood sanpl e,
al t hough ot h@ndyﬂ‘&wﬁthet&r@wdvmmbbmhhamidmﬂédu& can be used. The

- sanpl e may be added direc e assay or nmy be. processed first.
.~ Typically the proc g’t&rﬁé %ﬁW&@@ﬁWﬂP?‘ﬁ@%@eﬂF@@mF aken figm theanpl e

W th water &k}fct‘uﬁf in a'¥Bb¢ Slolplc h@gﬁéd%&& §esdg,14 friﬁg%%n%@or 190 fol d,

for exanpl eLE to 50 or Cedsd] n

. separati®n ofcas dbepeserifise aatnptmae aeptided d&e@ﬂy@d; the 5339 QR Wl prégdsh&d
(MCs)are separated fromthe sanples. The MCs will conprise the T cells and "

-APCs. Thus i rfirsthel YpiqaHy dhe Precessies maveeasmariseriutiag of dpsrmpledfovesamale present

onty obs T cot Ml ef e ThRiae M SR R W SRl e T a1 ¢

..can be separa,t,\@ﬂ ferpmﬂdmsstauplfemjm ng techniques:known in the-art, such as
. those descri bed |n Lal vani_ et al (1997) J.Exp.. Med 186, p859-865. In one _
- enmbodi nent the T c'léhelle‘ore@eéamsttcn@paxseagpamtenmf cohneoﬁemmfdhesmxmeocessed or =y

O et O P iR obiR e A ol e Bt el eI S ey
are not - cul turh:befeor ee1RALA ARESE T intthe rBRlJi0de APEYS iR & Ge! | s have

not been restimilated in an antigen specific manner in‘vitro. However the T
cells can be sepdrtmod éf@C:bancprﬁenu@e,peptnde toxherihl cells. dnhhﬂherrmlmﬁoeemfozﬂm&’ or

nore of the-a and er al so enous growth ronot.i n
cyt oki nes. “%ﬁ%?ﬁ@ﬂﬁ %g%‘?ﬂlles@“rgo%t? %QﬁtM&gﬁ apfd
‘surface of ARCH: - sUGdLe ﬁ%a&h?rdﬁ? heUsfibld lﬂ:lﬁ Fecﬂﬁgg qcoolvovhqn z;.rt"s ﬁ}gas()f the T
ceIIs mayleadto an increase in the sensitivit the us the T
15 those described in Lalvani ef ! (1997) J Exp. Med. 186, p859-865
In one embodiment the T cells used in the assay are in the form of
unprocessed or diluted samples, or are freshly isolated T cells (such as in the form of
freshly isolated MCs or PBMCs) which are used chrectly ex vivo, i.e. they are not

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

e

20 i an anngen speczﬁc manner in vztro However the T cells can be cultured before
use, for e)tample in the presence of one or more of the agents, and oenerally also
exocrenous growth pl.'OD]OtlJlU cytokmes During culturing the agent(s) are typically
present on the surface of APCs, such as the APC used in the method. Pre-culturing
of the T cells may lead to an increase in the sens1t1v1ty of the method. Thusthe T

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

The APC which 1s 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
occurting 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



" cells can be converted into cell lines, such as short termcel] lines (for
~ exanpl e as described in Ota et al (1990) Nature 346, p 183-187)ApPAlRE0APC
- which-is typically present in the nethod may be fromthe sane individual
as the Tyeell.s94; froma different host. The APC may be a pgajdsodlobo :
occurring APC or an artificial APC. The APCis a cell which is capable -of
presenting the peptide to a T cell. It is typically a B cell, dendritic
cell or macrophage. It is typically separated fromthe sane sanple as the
T cell and is typically co-purified 1 April 2004 WD 01/25793 -15
© PCT/ GB0O/ 03760 the Treellhdhis thelARC Fap be pheseARCMEy REPRIVIES € The APOVES  OF

PBMCs..' The APC is. typically a freshly isolated_ex vivo cell. or a
cul tured celyP¥ %@F%s&ﬁmgﬁﬁv’fv&cﬁﬁ%aﬁﬂ%ﬂ gell. fiypay keparthefbora ofitort term

or inmmortal i.gefdneshtnid D& rf'i@&uﬁﬁ?c ABRY. et class Il - o
nol ecul es on ?ts.’ surface. Inthe met h&%é‘g%%f%nre' %%A?%%gfgrﬁfs)mﬁ%nts my
- be used. Typid@ldass {heolEculeedd 8s defdcyed from t he sanpl e can be placed into

an assay with all the %ggéns which it is intended to test or the T cells -
can be i vi ded afysmE PR Y BUpAdIeEen neayts maxde vsed Tupicely therf ai n one -

or nore of The i L rovi des the ents sych .as 'two
or nore of tgﬁ% %@ﬁ?%zmma%gﬁ?gﬂggﬁ ?gﬂgg&ﬁg?oealﬂnasf%‘f. ‘é”.tgfi“g%cacﬁ%tis Fi"glt‘&o‘ﬁs of
agents whi chs iatendpd esesttor tieT t418 @OBPABIddIORIPURRE i Sepisaesksahaue) for

si nmul t aneous separate_ or sequential use (eg_ for in vivo use). In one
enbodi nent &fwHichrentagponeorpeiedf tieragerty to an assay conprising T cells
and APCs.  As dis .T gells and ,APCs in such.an assay could be
in the form of @?%@ﬁ%%h@%h%ﬂ%ﬁfﬁ Bt ?563’8g°ﬁi%°é‘c‘|°%§:“-3’t°?fé§er cel |

‘W't houto t he apeRénfeptiontiemrii 6 4. it dntMiEna bEadts Bty hiBE BreA3nBh fhd10t

requi red. Anal ogues which mmc the original (i) or (ii) bound to a MHC
nol ecul e ar éompoBNaAmpEat dpcwprdaboverfonsianitandays seraraeabostiqrenial tfegeggent i s

provi-ded tO‘If‘]I)-f% A‘\)B%SE the absence of the T cell. The APC is then provided

.to the T ce tVEC&E Iy after.being allowed to present the agent on its

‘surface. The peplihdge BRBodiaKE: BRRIpd 3K AEdAUP dirdslydS an bRy ABGLARAS T
| | - cells and APCs. As discussed above the T cells and APCs in such an assay could_‘ﬁé _
.15 in the form of MCs.. When agents which ca.n'be recognised by the T cell wiihoﬁt the
neéd for presentation by APCs are used then APCs afe not requ'ﬁ:éd. Analogues |
' ._ which mimic the original (i) or (i1) bound o a MHC molecule -al_'e an exaxﬁplc of such.
..ajlagent. A - . ‘ h
. In one embodiment the agent is provided to the APC in the absence of the T .
_- 20 cell. The APC is then provided to the T cell, typibally after. being allowed to present'.
~ the agent on its surface. The peptide may have been taken up inside the APC and
presented, or simply be taken up onto the surface without entering inside the APC.
The duration for which the agent is contacted with the T cells will vary
depending on the method used for &etgrmining recogniﬁoﬁ of the peptide. Typically
25 10° to 107, preferably 5x10° to 10° PBMCs are added to each assay. In the case where
| agent is added directly 1o the assay its concentration is from 10”. to 10°pg/ml, |
-preferably 0.5 to 50pg/ml or 1 1o I.Opg/ml.
Typically the length of time for which the T cells are incubated \?ith. the agent
is from 4 to 24 hours, preferably 6 10 16 hours. When using ex vivo PBMCs it has
30 been found that 0.3x10° PBMCs can be incubated in 10ug/ml of peptide for 12 hours
at 37°C. | |



. present ed or si rrpl y be t aken up onto the surface W|thout enter| n |'nsi'fde
the APC. - The duration for which the agent-is contacted with. t harrt 2084 s

"wi It vary depending on the method used for determining recognition of the «
" peptide. Typically 105 to 107, preferably 5x105 to 106 PBMCs are added to
each assayWOIfh/Zﬁ??é case where agent is ‘added di rectly to (ROT/GREAETEL S .
concentratlon is from10-1 to 103ug/nm, preferably 0.5 to 50ug/m or 1 to .
- 10pg/ M. Typi cally the length of tine for - which the T cells are incubated -
‘with. the agent is from4 to 24 hours,~Ifeferably 6 to 16 hours. Wwen -

" usi.ng ex vivo PBMCs it has been found that 0. 3x106 PBMCs can be incubated" -
in10ug/ m of pepthdéetemma;mm’uherecegmmftj;.eAgrmubyz@@Iowi;tm@sﬁgge

"PCT/ GB0O/ 03760 16-. The t fot f ,the . t by .
the T cells.: gues%maaﬁe SR I ds2h Qlng PEal CHRIM k% Rla bl ROEN, Y
cells (this E Lﬁ;ﬂ.ﬁé hﬁgY %aygisaﬁsé’d‘ﬂemﬁg' Tgﬁlhﬁ@r pei@hRE S dher mat

~di scussed- herern cally T cells which thé agent can be sorted

based on t hi &@twwﬁobmmﬂmmm d%Aﬁ:ﬁlmmItg aBACHmachwesBuce of T
~cells which recogni se the agent - wi |l be dee occur if téptgl frequency of
cells sértedpli@sttrﬁgofﬁé"e%‘é’ﬁtdlIEC%BH%’J%F%&E‘OW l?ﬁﬂ eeWF]G%OC fequency of

anti gen- experLegel Ao e LhAed 18P AL, il 100 Vathl) IndBenithof |

~therefore: whet he sor I's are ant1 gen-experi enc

can’ be- det er gined-cxphitended 'Ercﬁllﬂﬁtgeﬂﬂﬁlﬂ)jf 1 bh 808 agnot, iand tinfrefohewhgkatorby t he
T cells may be “measured i'n vivo. Typi callﬁ_. the agent is administered to
- .the host’ andnmﬂtbﬂsqu@@lébﬂfi@ﬂUM"@weflﬁféﬁeé t eodls car By ACETBIREDf t he agent may

be nmeasured. The is t r r ,
epidermai by The AfeRt=rEatd b toaBih b bE Gy BETRBRALEL | e
out si dggof tgeﬁémm‘md THYcallo tﬁ@tgehﬂeqdaﬁmttaed&bt}emt hind fhen airebpohise a

"~ plaster or dressing. Aternatively the agent nmay be adm nistered by needl e,

such-as by |mhﬁxhtmmnatei)mogmholabﬁtbebgenamwmesn%ﬂse@db)ﬂlétaﬁmt HePHedE such as
-ballistics (e,qg. the bal 1 sti.cs techni i ch .have dellver
~nucl ei ¢ aci dajmingerad MYEEeALY RLERISS @P zgsr?rﬁDaﬁte@%C% a@ﬁr canlg%%f)l cHly be -
~used to adm B&ir%&{nofv!?iﬁl ﬁg%ﬁtsxde o’?mpéﬁéﬁ |a¥dHé§’JrBeQ'eﬁ%dta@ﬂﬂe@@ vith ﬂ:erald%farml e

.from 0.01 to gt, or O. agént is adm ni stered.
- plaster or dressmg Alternatwely the acent may be administered by needle, such as .

15 by inj ectlon but can also be admm:stered by other methods such as ballistics (e.g. * -
| the ballistics techmques which have been used to dehver nucleic actds) EP-A-
0693119 descnbes techmques which can typlcaHy be used to administer the. agent.
o Typlcally from 0.001 to 1000 png, for e).ample from 0.01 to 100 pgor0.1t0 10 pg of
- agent is admmlstered ‘ ' |
.26 . In one embodiment a product can be administered whxch is capable of — ) )
. prOVldln" the agent in vivo. Thus apolynucleotlde capable of expressmo the agent ‘ -
~ can be administered, typically i in any of the ways described above for the
' admmist_ratlon of the agent. The polynucleotide typmally has any of the
7 charactensﬂcs of the polynucleotlde provided by the invention which is discussed
25 ‘below. The agent is expressed from the poiynucleotlde in vivo. Typlca]ly from
| 0.001 to 1000 pg, for example from 0.01 to 100 Hgor 0.1t0 10 pg of polynucleottde
1s admm,lstered ' ‘
Recognition of the agent admuustered to the sLm is typically indicated by the '
occurrence of mﬂamm ation (e g. mduratlon1 erythema or oedema) at the site of
30 admm_tstration This is generally measured by visual exammatlon of the site.

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



In one enbodi nent a pr oduct can be adninistered which is capabl _‘
providing the' agent in vivo. Thus a polynucl eotide capable of? %R'H?Q%l ng
t he agent can be adm nistered, typically in any of the ways descri bed

" above for the _admnistration of the agent.. The pol ynuchge pi caIIy
"~ has -any 0 Ypa™s ghar acteristics of the pol ynucl eot.i de pr O\E;?Jdgﬂﬁfﬁnk%

invention which is discussed bel ow. The agent is expressed from t he
pol ynucl eotide in viva. Typically from#$,.001 to 1000 g, for exanpl e from
0.01 to 100 gg or 0.1 to 10 g of polynucleotlde is adm ni stered.

F ﬁgogg ICL:— ?gg%fg 1%%’%}6%&?%{&2? g{ltrﬂf (Eo%a%gn g s a}?ll %ﬂptﬂeﬁn&yﬁhﬂ%ﬂdﬁ ds gy cat ed by

ron erythema or oedenm) at the

site of flsiQdhtiohéd Berk S eﬁlﬂryadrbgesfﬁaﬁunﬁmahyemmhedaxam nation .
of the sntg’ ihS%Hr?et hod . of di agnggl s based on the detection aof an antibody

that binds: Hehﬁl)]w:,ﬁp’thelag@ﬂmd ieeoninzm st A @pibrdy3n4er sample bigds e o
typically carried o cont cti,n .o V, L.(such as
any of t heﬂgf's@nﬁ-}‘-‘é g5 gﬂepéagthg ‘?gﬁlﬁ;{% ﬂas’p(?pol%:g% géeﬂ;g?entbégﬁgl Il"ir%anner

mentioped L8 tftaﬁnﬁ%esinda@hs ti85yTbadeg, ok thery soh dntiabody in
t he sampl e dd?‘ s‘ t gq”hagé"nt such a bi n%?ng I ndi cating that the individual

has, or is fugkept hblem.to coeliac di-sease. Any suitable format of binding
~assay may be used, such as any such format mentioned herein. Therapy The
identification of the inmunodom nant epitope allows the therapeutic -

product s to}.'!ilie made whi ch target the T cells which recogni se this epi tdpe
(such T ¢ ing ones which participate in the i mune response agai nst
gliadin). This fiheidegtifdasion af theimmtutedpnizuetrpitone @‘ﬂOWFr‘éaihf’éﬁ‘PF“%‘f coel i ac

di sease. by suppressing toleris n, ant i bod sponse to
t he. epiot opeproGests & pe &g WB’CBF”Eﬂéhﬁ\?ﬁIE‘%W B?Cf‘i’émtsﬁé’ s?’%ﬁkt-g\%% ch ;Igcognl ses
the epi tope the 1.nVer S UhSHnd sdsPehs@ AYaiadt ctiéinpi Tids ng assays,

' di scussed &% DaCF‘P&S cau to eﬂﬁ?g“ on %f tEe T@%ell that carries the.
TCR Such agﬁ@ﬁs,ﬂs@mlba@aﬂd pfevamnoﬂssneatmbnmf onklide disease by BIPPresspe {Per ef or e

be- used to prevént or treat coeliac diseas Ceneral ly tol erisation can be .
caused by t helesmen)ymmantidiedy whl eell aPPIEEIY BF SBEPRfy recogni sed-by the TCR)

- cause ant] gen SPEe Irt];.{ncaciegtrs] Sk {h%r}ﬁJlenﬁgﬁ 'D}ﬂdt‘&{e ‘?ERt Qﬁici[r&%hﬁises the epitope of
N 15 | the invention (as measured usiog any of the bmdmg assays discussed above) and
| cause tolerisation of the T cell that carnes the TCR. Such agents, ophonally m -
association with a carrier, can therefore be used 10 prevent or treat coeliac dlsease
Generally tolensa‘aon can be causeci by the same peptides which can (after
being recognised by the TCR) cause antigen specific functional activity of the T cel‘l
| 20 (such as any such actmty mentioned herein, e.g. secretion of cytokines). Such
. aaents cause tolerisation when they are presented to'the immune system ma
‘tolerising’ context. '
Tolerisation leads to a decrease in the recognition of 2 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 actwny
(for example as measured in suitable assays men’uoned herein) In response to the
epitope is decreased. Tolerisation of an anubody response means that a decreased
amount of specific antibody to the epitope is produced when the epltope 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. -



(such as any such activity nentioned herein, -e.g: secretion of C ok| nes) _

Such agents cause tol eri sation ‘when they are presented to-the |’N¥ﬂﬁ@0‘§ystem -
ina ‘tolerising' context. Tolerisation leads to a decrease in the .
recognition of .a T cell or antibody epitope by the inmmune system In the

. case of -a pitope this can.be caused by the deleti |5| ng
of T cell s\;\(l)\/r%?)dh]gr?ecogm se the epitope.- Thus- T cell activi %&Tﬁnoﬁﬂ? mpl e

~as neasured in.suitable assays nentioned herein) in response to the . .
“epitope is decreased. Tolerisation of an anti body response neans that a
decreased anount. of - speC|f|c anti body -t@-t he epi tope is produced when the ..
epitope is adm.nistered. - Methods. of presenting antigens.to the i-nmune

~ systemin sq&hn@o@@mbexn mevlsk(neﬂm) a‘hﬁlraareedd@han)h:edranobxamm-d n :
Yoshida et at. Ci.n_ Imunol. 1 Apri 04 . WD 01/25793.PCT/ c$0a03760 -18
| munopat hol(19%‘2,,a@0‘?7321@53f(49[§$)mwﬂ@laﬁl‘*%tﬁﬁ’rﬂ @997, IeppticplanemBis 109,

.370-6 (1997 Vi ner .et al n -
_particular dé‘r‘?h?ﬁa% Sgrgu%]? R %‘g"% %g%%nécgﬁsgétg{)ﬁ %[?'?l ?%)ﬂneaisuch as-
oral, nasal P%Eu&umrfﬁmctstwh@alcauseE’@&maeuh@iaywmeﬁmtew (@lg. bauise

‘tol erlsatlon may -bé ‘adm ni stered (e.g. in a conposition which also

“conpri ses t hempgsitioy vthick #leo tondprises el agentSie theprdvidnels Sucheraddetscyt oki nes,’
. such as cytqkin ch'fa ur a.Th2 re nse (

Rt G AT e B R R R S TR B € T R
- tokeri Sa“o%r T“%)'P%%ﬂhth%?a@n?ﬁ ?%% RBriieRld % WibewERAREIRES a sequence
_abI e to.act ‘as ant agoni st he T cell (which T cell recognises the

agent) . SUChoEﬁthﬁinns and such antagoni sts can al so be used to prevent or
treat coeliac disease. The antagonist wl|_ cause a decr eaélgl in the T cell -

'response I'n one EOSBIAORPIOHESS AR IChSORPEStYAscagense gPletpactEs Al |

~(genérglly in the. fo G tﬁ?ﬁ Ul bt :to?tﬁﬁh 23 suepusi ng
_hor mal adunctalnhaigﬁimh ){%g(‘ieg causfﬁ%}wéa{dgga nor e&?gngi: ? e passse
through the JhERBohits A6 aldoWeakedtogialdnt bgreasoite diteasth Timmegohisewill cel | to
““have decreased function act|V|ty (erg. in. response to recognjtjon qof an

epi tope, ‘tymiausd 4 Jecaenserisatbarlearlispsnonge. 1ssme B1beC A heARAEPBIERIDARHE n) . | n
_°“e enbod ”EPéR P LAPQRLE N BIBE S5 Y 4 Loripiek WO FATQS) Bt insiead of

causing normal functlonal actlvauon causing an abnormal signal to be passed.
15 | _ through the TCR intracellular mgnalhna cascade which causes the T cell to have
. decreased funcnon activity (e.g. 1n response to recogmuon of an. epltope typlcally as
L measured by a.ny suitable assay mentloned herem)
'  In one embod:.ment the antagomst competes with epltope to bind a
- component of MI-IC processmg and presentatlon pathway, such as an MHC molecule
| 20 ' (typlca.lly HLA—DQ:Z) Thus the antaoomst may bind HLA- DQ2 (and thus bea
'. | .pepude presented by this MHC molecuie) such as peptide TP (Tahle 10) ora-
| homologue thereof. A
. Methods of causmg antagomsm are known in the art. In one embodunent the
antegomst isa homologue of the epltopes menuoned above and may have any of the
25 sequence, bmdmg or other properr.les of the agent (parucularly analogues). 'Ihe :
| | antagomsts typ1cally differ from any of the above epltopes (whlch are capable of
'. causing a normal antigen specific functlon in the T cell) by1,2,3,40r more
. mutations (each of which may bea subshtutxon, mseruon or deletmn) Such
| : antagomsts are termed “altered peptide ligands™ or “APL” in the art. The mutations
30 are typwally at the amino acid pos1t1ons which contact the TCR.

The antaoomst may differ from the ep1tope by a substitution within the



" .conponent of IHC processing and presentation pathway, such as an MAC

nol ecul e (typically HLA-DQ®). Thus the antagonist nay 'bind HARHEP04 and
thus be a peptide presented by this MHC nol ecul e),-. such as peptide TP
(Tabl e 1@h Aksfs honol ogue thereof. Methods of causing aptag®oyssTs@r e known
in the art. I n one enbodi nent the antagonist is a honol ogue of the epitopes .
“menti oned above and may. have any of the sequence, binding or other A '
properties of the agent (particularly anal ogues). The antagonists typically
differ fromany of the above epitopes™t#fich are capable of causing a
normal antigen specific function in the T cell) by 1,:2, 3, 4 or_nore

mutati ons (e@eRcoVhishiiteAusaler 0 Resahanre [Apreseted %& SRITOGSId5165dR 16810F on) .

. Such antagpni.st.s arge te "al ' inder i A " " .l.n. the art. - 3
The mutat; orRiEE (G BT ahEha s AL S kAR e a1 e
TCR The antiagegiistiniiy atitelcnivhianof fiRitRRi g40980by7. dPrefdpslly thet i on wi thin the.

1 April 2004 WO 0112-5793 PCT/ GP00103760 --19- sequence which is equival ent
to the sequehgsuticaps 64BLH0EW, ISy Mapd ¢if.aci ds 65 to 67 of A-gliadin (such

~antagopi sts are hOV\tIS '{jr_n gabl e 9%. Thust?%ef er ab[giy Lhe antagoni st -has a
substitution at PRE 18 V2 U o s 9’588%%% eé"ﬁ??% tB?mé’?. (l\-;l" 28 abl y the
substituti %di%%u%%g§ZMﬁMe%ﬁ&E anBlddERt fB¢ ndedBIbe AuIMIBGrédgsPONSE O

the. epitope o ention in an individual “is polyclonal nore than one
ant agoni st. ¢iye ameagnism &fél edlsiofitet msmose whichdase difietay dhRsmibtreforeel | s of

the response which have different TCRs. Thereforg . the antagoni st y be
adni ni st er ¢8¢ Wa@%ﬁwﬁ&&gf’ FGWHF"@-H[“&6ﬁ‘b‘f‘?%’é"%‘t"ﬁ‘l%&g?lpris,esz???eé‘gts)oi S:)lr e -

(different ant agonidl sy whiheh.eoshianiaoensaduidauantcdicel |'s. The

~invention al'so provides a-nmethod of 1dentiTying an antagonist of a T cell
(whi chor ecogni sebhd ineerageantsh rovipes smathod ofifdentifying = avagdndaoka Tublt ance
wth the T cell and.detecting whether the substance causes a_&g rease in

" the abi | it y{vénch geogrises the 3850 FERPHHDA FORRTHIGSAL28 E'ieFPa%“?ftG&b’ﬂ e?e. g. -

- using any s’geglg qggldgbﬁ%ﬁ?g%y{,h%,{&@@&m@gg@sg%a déé?%sgﬁms%meyefth@&yceﬁuch

- ‘decrease in cating tha e ‘'substance is "an antagonist. In .
one enbodi MRy dkfe ARLAGANNPSESic rispohiedeRgudaniinaitble assal reatiagani sts to -.a -
_-particular epitope) or taolerising (T cell and antibody toterising) agents
are present herpin), the detecting of any suc decrease in said ability indicating that the _ o
15 substance is an antagonist. '
In one embodiment the antagonists (including combinations of antagonists to
a particular epitope) or tolerising (T cell and a.titibody 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.

Testine whether a composition is_capable of causing coeliac disease

As mentioned above the invention provides a method of determining whether
25 a composition 1s capable of causing coeliac disease comprising detecting the
presence of a protein sequence which is capable of being modified by a
transglutaminase to as sequence comprising the agent or epitope of the invention
(such transglutaminase activity may be a human intestinal transglutaminase acﬁvity).
Typically this is performed by using a binding assay in which a mo_iety which bands
30 to the sequence ina specific manner is contacted with the composition and the

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



"-a conposition conprising at l'east 2, 4, 6 or nbfe antagonists or-agents
- whi‘ch antagoni se or tolerise to different epitopes of the i nvdnpribg004 or
~exanple to the conbinations of epitopes, discussed above in relation to
. the'agents which are a product conprising nore than one substance. Testing
whet her “ay@ppestd i on is ca able of causing coeliac di seaspcfepigdiiened. -
" above:-the invention provides a nethod of determ ning whether a conposition
. i'scapabl e of causi-ng coeliac disease coygri sing detecting the -presence ‘of
~ a protein sequence which is capable of being nodified by a

~transgl utam ' as. . LLSl 0 i t he
nventi on(Bah b Sy LRSI nbO Ry I EOBHREY PR R ARBED | MO
transgl ut am nameooae hiepeid, whd is hpivaliak kyecifi smtibsdpenhosarsbibfortai oy a bi nding
. assay in which'a noiety which binds to the sequence in a specific manner is
‘contact ed wi hindingasseyepe b peassusivrstthese mentivaed bered. sequence/ noiety:

‘conpl ex is detectged and.,used. to ascertain.the presence il ;2004 WO
01121793 PCT/ GROCRESFEREOIG0eh %°§%°58WP.E,%EC‘%£%%§E %easﬁ%%blﬁ%rr??"“ -

- suit ab'? SUDSLRBERs GBLcH P SpeffiSP ShidspRe bf thBBMN dnflBe thohPdieiePont AMHIAS for
_typically a specific antibody. Any suitable format of binding assay can be
used (such asxatipbsepaehof axtdodies cepabe ofracagnésiethe dombmatvheoiopppssi tion i s
.- contacted with at |least. 2, 5, 10 or nore-.antibodjes which are specific for -
epitopes of QiFESFENARAYS we%aﬁ@m?ﬁnmﬁﬁe {pvPRkRRWhich gFe  BIPARFCORPESIRgel of
“anti bodi es c&p&%&gﬁegﬁgﬁgg&sing t he -conbi nations of epitopes. discussed .
- above in relation to agents of the invention which are a product conprising -
more than one SsubBiammeposition tgpioplds cdmpiset yrtail frencopipni thetsexprdssasiaal - f r om
~.a plant that expresses-a. l i adi n- whi ch i s capabl e of causi oel i ac
| gdi‘seaséo(fOrglébéawﬁh@haﬁgfapabl%tq#é@gﬁﬂ%meg%c dispasp ﬁﬁé%ﬁ@%ﬁé@gﬁgﬁgﬁ%). Such 7
material maybe,a - Dard... ; t1 e t . The
~materi al rm_yo,r éanﬁif)%%{é]é%e_ %F 0 u?‘?@ﬁé‘?& t%}%g\é%%e{%?a @a&@%fﬁ(ag.aéﬁﬁg%dsuch
product. nentjeaed (hersed)  Tieuaiteas majf bopocased podudthaf the pignt mmesial he
gli-adin. The processing of 'food material and.testing in_suitable binding
“assays- i 's rolstg. pey sychrpredusipieatiognedheninh fade st ﬂ@qf@RgoqutPalf‘?WBF’éF%WFn. .
- Chem'lumin. 13,..189 93 -(1998) . -Bi ndir - The. ' i bi nding
between any SO G BRI R A R Retind E oELR bR WAy s B N N0
' 15 routine, for example as mentioned in Kricka L], J. Biolumin. Chemilumin. 13, 189- ‘

93(1998).

" Bindine assavs . ‘
The determiﬁaﬁoﬁ' of binding bf‘:t\;veeu any two substances mentioned herein
| 20 _rj.ixlay be done by ﬁﬁeésﬁring aA"cha:'actéristic éf either or.both substances that changes
- | ﬁpdn binding, such as a sﬁ%cétrosbopic change. _ 7
The binding ﬁséay format may be a ‘band shift’ system. This involves
determining whéther the preé ence of one substance _(sﬁch asa candidate substance)‘ '
advances or retards fbé- pfdgfeés of the other substance during gel électropho;esis.
: 25 - ‘The format niay be a competitive bi_ndiﬁg method which gl.etermj.tlles whether
o _{ha one subétz'mcé 1s aiaie to inhibit th_e binding of the other substancé to an agent

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

- Mutant ¢liadin proteins -

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

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



~may be done by measuring a c’har.ac't eristic of either or.both substances that
changes upon binding, such as a spectroscopic change. The bi ndiffil2884y

- .format may be a' band shift' system This involves determ ning whether the.

presencewd ¢g1@a®3subst ance- (such as a candi date subst ancepPCaGBaHCIISO Or _

~retards the progress of the other substance during gel electrophoresis. The

format may be a conpetitive binding nmetad whi ch determ nes whet her ‘the one

. substance is able to inhibit the binding of the other substance to an agent -
whi ch i s knpwint@cdtah BeddiBu@tdias tei st caikeh s RcSheeld fb?,ca ankiibody.

Mut ant zliadin proteins The invention provides a gliadin protein. in which-
an epi t ope =spprentet pfcogises theemivpe.oln thoy conteortthedemaecognitcenrefses tiotie f i ed by
~a trans glutaninase to provide such 1 ril 2{)4 VD0112i<_7'93 o
BCT] B0 03 708, Bieing e ARaHE & HAL § Hed 14 AF B b A FRREISHE WiBhger causes,
or is recoggl s A alls at recogni ses the epitope. In-
this cont exgﬂe'?ﬁg'?g?n@?g%%gh%?{ghﬁqﬁg‘m???b the TCR binding the epitope in

‘such afway that Muethals of mehtiBym aequniaddnt epitapet irgether gipdims hreadifausxedi onal
activity of the T cel] occurs. Methqods of .identjfying equivalent epitopes
in other gl Peryiens’hsuldfyRE 95 e U158 B a0R B ORG W’Ei‘cgﬁ‘}@.&‘ Frlibrsthst at 6o

L .

- rel ation topdehfomsticdbogeid) relaticasts thd dAnabfguSFArddd aNQ@f SEQrIDaNOssr actdss 30, 60,

“.the assays

100 or 200 conti guous am no acids of SEQ I'D NO 3 The nutated gliadin will
“not cause c6&3%E0diWM0280 spntgacps appeacs of SESW N&Amt ons of coeli ac

- di sea Typi cal t i: on - r es. thesahil Lty:10 ifope'to
. .nducéeoa' T cell gﬁlﬁ"}stg&lé%dg? %ﬁ]gg@ecggiepﬁ%te%%%d%é %%%/lél Jaaugdé]e%rc reeggée% bi ndi ng
t0 HLA-DQ2, spm@fpedsedsadiallichiey Typidatly pieanentios dbyeaes hPebitity of tHecr eased
ability to bind to or to_be recognised (i.e. cause antigen-specific '

functional &sptons toyndusy aT elirpspopsfat Theapeigitr saiteRfanaljeaye 2 dppg2sedt at ed

gliadin or.epitope wll therefore shaw no.or re r it in any of
ERdt O el W b R AR ke P 2
“invention. THEH BRhil @orB e RecoeiRed(i eNBfige elRhispasfic fRadiidiadBGaR)

“"substitutions o length 1 to 3, 4to6, 6 to 10, 11'to 15 or nore i n'the :
epi'topes fombydkeatisitataerogeise theagente qlie meyatstgliadn NCeHItope Wikl Seeefoteval ent .. - -
- Preferably tsggwrxrl%to?rllédu%!a& %%ngc?r? inaa'tnylo?%lset assays ﬁlentioned herein in relation to N
| the diagnostic aspects of the invention. R |
| " The mutation may be one or more deletioﬁs, additions‘_br substitutions of
length 1 t03, 4106, 610 10, 11to 15 or more in the epitope, for example across the
- 20 '_ _ sequence SEQID NO:2 orits equivalent. Preferably the mutant gliadin has at least
| one mutation in the sequence SEQ IDNO:1, A preferreld mutation ié at positioxi 65
- n A—gliad'mv(or in an equivalent pbsition in other gliadins). Typically the naturally
occurring glutamine at this position is substi;cuted to any of the amino acids shown In
Table 3, prefera‘bly to histidine, tyrosine, T.ryptopham lysine, proline, or arginine.
25 The invention thus also provides use of a mutation (such any of the mutations
in any of ‘the sequences discussed heréi.n) in an epitope of a gliadin protein, which |
epitope is an epitope of the.invention‘, .to decrease the ability of the gliadin protein to
 cause coeliac disease.
In one embodiment the mutated sequence is able t0 act as an antagonist.

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

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



- 100, 15

jone rrutatron inthe sequence SEQ | D NOl A preferred mutation is- at S
" position 65 in A-gliadin (or.in an equival ent position in ot hérAfyllQQQI‘l ns)
“Typically the naturally .occurring glutamine at this position is
-substituted to any of the am no aci ds shown in Table-3, preferably t

" hi stidine,WOy1a%sPhe, tryptophan, lysine, proline, or argi anGE/GBPH@”GO

: |nvent| on thus al so provides use of a nutation. (such any of the nutations

. 1'n_any. of the sequences di scussed herer_nézln an epitope of .a gliadin

,protern ‘whi ch eprtope is .an .epitope of the invention, to decrease the =

ability of th gﬁenﬁe?sr l@lotatem%eﬁemceelt%eumeaﬁessdcﬂaqﬂeerﬁnbod' ment
- the nmutated E’ e s e to act &s an antagoni st hus the invention

" provides a pf&gﬁbf} that conprises a sequence which is able to bind to a T.
cell receptor,. whi.ch T cell receptor recognises an agent of the invention,
and 1 April 2004 PO IROGIOETEIOVERS FIFIRAS ‘é’é&f@eﬁﬁ%ﬁfa%@e%%ﬂ‘ﬁdb%‘éﬁﬂet@t

ant f aTcell r h np T ti
:-Zl‘sigﬁl‘l)i.mdeg Pt it e AL Tehst s ha s il o gL BIERL 26, <ol lgle”
-protein ’ 0%661 @580 ahnidEasds 185 aaatu%epwl%pﬂlmae ﬁﬁu@mﬂams&m ab'iﬂe

an

250 am no acids Io@‘gg1 whi ch corrprrse t he rrutatrons
_drscussed abo»hﬁ:hd/doreekeﬂieeb!éas@ﬂlheh mbgzr@bgmhei ghiaef the mytass

. ‘recogni sed.. ‘Any-0f th t ant rot ei n i ncl udi fragne nt| ned

- herein may apgﬁe%(‘%‘r%g‘éﬁ T2EM R mrfb??ﬂe d‘l“e“l‘w&l‘]?%pbe&%ﬁe %l‘or exaforrpl e

. wth ot her ghls%) m}%}% s, rdrtelamﬂgt@vﬂlﬂ@demgtﬁaﬁts%eﬁm ﬁeoleeul;y:ateeﬁt wild type
protein-to t l gliadih proteinis typically froma gram naceous .

‘monocot yl edon, Suqlheaquwdemhmﬂﬂ typk pgﬂcmstoiha mirated ehadiy, profisuas tYHW@],Y bar| ey,

oats or triticale. The proternrsftx?/prca i,adin. B

~The - giitadi nfrmyagrenanwwwaw%eml &rﬁé?rlt%?éﬁl)‘l“dd’fﬁl‘/’% Enbo ﬁﬁaés a kit
for carrying _ou t andipt iopal ly a
nmeans to. deﬂécl’a‘rﬁ 0r egggr%%ﬁlfégﬁfﬂgﬁﬁél%m% dﬁ%ﬂ%qneﬂlt%g‘?myzclrl g'll'ypr cally the -
"~ different ageng_din@ﬁaejw@m@ﬁddlhor si'ul t aneous, separate or sequential use.
Typical Iy thé means to- detect recognition allows or aids detection based .

“on- the techniques di scussed above. Thus the. neans may al |l ow detection of a o

“subst ance seiéﬁted by the T cells after recognition. The kit . nay t hus
addrtronally clude a specific binding noiety for

.15 The invention also provrdes a kit for carrymg out the method compnsmo one
| or more aoents and opt.tonally a means to. detect the recognition of the agent by the T
| cell Typtcally t.he dtfferent agents are provided for simultaneous, separate or
. qequentral use. Typically the means to detect recoomUon allows or aids deteotton
based on the techmques discussed above. '
20 Thus the means may allow detection of a substance secreted by the T cells
| aﬁer recogmtton The kit may thus additionally include a specific binding mo1ety for
o lhe x‘ubstance such as an antibody. The m01ety is typically specific for IFN-y. The |
' mou.ty is typ:cally 1mmob1hsed on a SOlld support. This means that after binding the L
‘ mo:et} the substance wxll remam in t.he v1cm.1ty of the T cell which secreted it. Thus
25 : Spols of substance/molety complex are formed on the support, each spot |
| _ representmu a T cell Wh.lCll is secreting the. substance Quaut.tfymg the spots and -
| typlcally comparing against a control, allows determmatton of recocrmtlon of the
.‘ agent |
: The kit may also cornprtse 2 means to detect the substance/moiety complex
30 . A detectable chancre may occur in the rnolety itself after binding the substance, such

as a colour change Altemat.rvely a second molety du'ectly or mdxrectly labelled for



~the substance, such as an antibody. The noiety is typi cally specific for ‘
|FN-y. The noiety is typically immbilised on a solid supportlApii2804eans .
that after binding the nmoiety the. substance will remain in the vicinity of
the T ce 0 j“gg secreted it. Thus “spots' of substancepamiebyeapl ex are
formed on"the sSupport, each spot representing.a T cell which is secreting
the. substance. Quantifying the spots,_and typically conpari ng agai nst a
control, allows determ nation of recog t|on of the agent The kit may

al so conpri neans to de ubst ance/ noi et "A detectable
change may d%?&tﬂ?n’f”ﬁy?ﬁ@ﬁ% ettoﬁmﬁtgglstslb g%%?tﬂﬁ?ﬂa%f‘ﬁ%g@%ﬁt ance, such® as
a col our Cm%{é%ma%ﬁsfﬂaet HE! Xs BisTREONELIRING Sectid B6ety/meY be HrRCE | Y |
| abelled for -1 April 2004 WO 01/25793 PCT/ GBOO 03760 "- 2 detection maybe

~al | owed t o fbi the stiseanseltbat bmde s diffesent stoopthexsubsiasie!ticn thhﬁ:std&nﬁym nation of

the spots. As discussed. above the second noiety specifjc for the
substance, but bhihg %H‘FF SYRPRFLIRAY ke 3 ateﬁﬁlﬂ%ﬁ’ﬁgfé‘h%eﬁt%rqq%@ﬁﬂ%t '

moi et y; The H%leéusﬁgrewgﬂg'&&n%)éﬁpﬁaase iﬁ%‘%wm ltJth Lls, such as a

mcrotltre pate assay can therefo ecarru out in a separate
well in the pl atFhe kiheakaddiniapllpddinpiissmabdiymdorbiei Tseslinpittattivg atoidtiee T

.cell's, detection noieties. or washing huffers to be used .in the detection.
steps. The divashiag bubers i Bhufedyn d%?oqf“g‘?‘?‘@’é stepagbhn st Bay eebrerdlyr the

separati on from ggg%qj S?CHI? t P ells
fromthe. sa é%}%ﬁ 1ﬁble%gxcﬂ5§§; gne(]jrl &?elda&?’ ?'Eecgtalgwsc??&aﬁegT cells.
directly i rbftﬂmeﬁapteelw ﬂrdsmmlte sagrplié. r TiRgkiamyy Se dasigdedan aibw dbecti@ngonent s

of the sanple. The kit may conprise an instrunent which allows

" adni n} 8t r atthed astls thmctlag%ﬁte samg]epitheu tF?ﬂ“FWFP%?U@p? f4bs sppponents

adm ni st ratﬂﬁg ég%cal |y such an instrument conprises plaster, dressing
one or The instrunment may allow ballistic dellvery of ‘the o

| agent The agentThdkit Rey krhprigyactifsthindn /hi draifodk admpliarating eftieo@knt,
conposition . The kit nay also conprise controls, such as-positive or '
negative conches mtradarmal poepidgrpal %wm@mﬁmﬂm%\wsv%anj@ﬁmwn systemto

e tested TueLng Ao iluge ooON S %ok KELAR e Thllhbiuok B9HRLYT 0N O he
15 ballistic delivery of the agent. The agent in the kit may be in the form of a
| pharmaceutical composmon _ | o
The kit may also comprise controls such as positive or negaﬂve controls
The ‘posxt_we control may allow the detection system 0 be tested, Thus the positive
cdntrol typically mimics recogﬁjﬁon of the agent in any of the above methdds. e
20  Typicallyin 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 a.nnuren to which most mdtvlduals should response
The kit may also comprise 2 means 10 take a sample containing T cells from
_ the host, such as a blood sample. The kit may comprise a means to separate

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

Polvnucleotides, cells, transgenic mammals and antibodies

The 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

con:tprise at Jeast 50 bases or base pairs, for example 50 to 100, 100 to 500, 500 to



i ‘~Typ| cal I y.in the kits de5| gned to determ ne recognl tion in vi tro the :

positive control. is a cytoki.ne. In. the kit designed to. detlefnril 2804 Vo

~recogni.tion of the agent the positive control nmay be antigen to which host *

,|nd|V|duaIs shoul d response. The kit- may al so conprise a neans to take a =

...sanpl e coﬁW@lmnm@ﬂ cell's fromthe host, such as a bl ood s®@IVEBMHEEOKI t
-may conprise a means to separate m)nonucl ear cells or T cells froma sanpl e

- fromthe host. Polynucleotides, cells, tf5ansenic manmals and antibodies The
“invention al so provides a polynucleotlde whi ch is capable of expression to

- pr ovi de the qig@m ucI eoti de
I's"DNA or RNA, %rnmoogy?g?r{]%ﬂgb%fﬂag%s%l e sﬁrgn dﬁ(ﬁ%"}acx%oo %‘%‘8‘%‘ otide will
~préferably comppiise sefueheawhich@nbmiee heaeqiaseoPSEQID MO 1 examphey §0thto 100,

- 100 to 500, 500 to 1 Aprll 2004 WO 01/ 25793 PCT/ GBOO' 03760 -24 1000 or 1000

© to 2000 or nRRSELNEH e&ngSamg an¢|3e°fﬁblsmd@loéeﬁlie@ée thearod¥nyickeotide

2
oDt 2o LB L e R500E8 of A REUHRACE, Bl TEPe Wosalnft of ence)
‘the pol gnucl aﬂiolnﬁie' andf3’ tdlﬁedeﬂs\é@ﬁktﬂceﬁmhﬁéc&%iy@ﬂﬁ@c SliadiPgaRs Which are

- different fromthe sequence or codons. 5 and 3' T0 these sequences in the
correspondi ng gl i Adied/ogaite thgsqug@e(gncgjmg &empn@&eﬂi}aenbuueimmm the .

- peptide the nucI eotide has c in uence. Sequence 5' -
Pondror 5 AR ey e Bonet e et s ARGkt S5k din R R Ry
- eXpressi-on, - ifptisdSed cAB&GHRIBE hiAxpRaLion &E@%ﬁ%bﬁﬁhoﬁnd/&r%ﬁﬂ Q:‘fe |

- encodi ng the agent. The pol ynucleoti de rmay be capabl e of ‘expressin
.agent prokar t;hetscqneoce awoltiag ot agent eThe pdiynohetidetmgibeeapatitiel qs)xplrgsmgl eot i de

s bIe f e sin he agent manma| i cel | uch as_a human, -
pri mat 8 ﬁﬁsae‘ﬁf C@‘a@' S 0%&551 g’éPPe e%beﬁwﬂhfé?éﬂefynaeeetfdwe o
“inventi on r & Eﬁn:%n s SEQ ,

I D. NO: 3 at rrg% g%lglorgfpg%s??lctgﬁﬁéﬁﬁ%ove 2&%&] {1}%381?5:5 § %%?lli rﬁlI[glaﬁgglledl sation-

i s typi cal'l yrodeiti(egemioussi axgag oeitli ti ons of rredl umto high stringency (for .
exanpl e. 0. 03M SOdI u chI or g ff{gd 0.03M sodiumcitrate at from about 50C

. to about. 80C). é‘PC g HIVEREQR Wan hyendisreselestivelgde 8ut under any .
I Mty ik G ob A N .
sui tahl® Selective hybridisation is typically achieved using.conditions of medium to high -
stringency (for example 0.03M sodium chloride and 0.03M sodium citrate at from
about 50°C to about 60°C). However such hybridis: atlon may be carried out under
any su1table comimons known in the art (see Sambrook et al (1989) Molecular
Cloning: A Laboratory Manual). For example, if high strmoency is required, suitable -
20 conditions include 0.2 x SSC at 60°C. If lower strmgency s requu'ed suitable
conditions include 2 x SSC at 60°C. /
Agents or proteins of the invention may be encoded by the polynucieotides-
described herem
The polynucleotlde may form -or be meorporated mto a rephcable vector.
25 Such a vector is able to rephcate in a suitable cell. The vector may be an express:on

vector. In such a vector the polynucleotide of the invention is operably linked to a
control sequence which 1s capable of providing for the expression of the
polynucleotide. Thé vector may contain a selectable marker, such as the ampicillin
Tesistance gene

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

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



" conditions include 0.2 x SSC at 60C. |If IoWér stringency is required,
_suitable conditions include 2 x SSC at 60C. Agents or prot ei risArsil 2004
i nventi on may be-encoded by the polynucl eotiides described herein. The

_ pol ynucl %w,g?gay formor be incorporated into a replicablrpigei«s. Such a
vector is ‘@ tToreplicate in a suitable cell. The vector may be an
- expression vector. In such a vector thg polyn.ucleotide of the invention

is. operably linked to a control sequence which is capable of ‘providing for

e, X0 2SS0 Bl 16 RRLY DL S0 IS SR LSO A Byt 1

vector maybgp ft (battexiabehiast, Siett od nRelchiTBY dBRY Fhe BEGRudISARE ber Med by
the pol ynucl eotide or vector. The cell nmay express the agent. 1 April 2004
WO 01/ 25793vReTw/mBOry BepdecedThle hoal dellpising prenvenasush tachniffeesgasipding bl e wi t h

the said vectar and y for. exa r ok otic (bacterial), yeast,
- insect or rr&ahﬂﬁﬂ 1&}?8@% Preﬁli’gt.a @?&%&8&%@% eg?ﬁe“cfﬁgleﬂﬁqyoﬁém?m r oduced |
_into hest cells g8 ieROEEBYIdeNBlocds86 YO Sle@sodustb af 1M prdi@hebtiik Phosphat e
precipitation, DEAE- dextran transfection, or electroporation. The .

i nventi on pivetiesbpresembinest megnst Abispraydwatsirisn (@ cultivatipgattainsforméd t he.
I nvention by rec I t _nmeans. 1S’ omprise (a) cultivating a-

tr anef or medtell & (e1ReS ARTISERE eBBTient MAL DO TP ENaoT FLpe MO e
o et PPN U SBSLEDBIRLA) RS, B P !

pol ypeptide. Opti 'y, the polypeptidé purified,
by t echni qubs isetaatnandiprtipefiad tby tStheuquey kmiviom the sa. provi des TCRs whi ch

econ e (o7, 5L 19L eSSl i BATHRLS L Leck Wi B capedl© of
of the T nveRtEBRes Fideq ity Kt bR SR AR o G O TTES sh B8 Do
TCRs whi ch gsssertén pirecsyrform meanyndddreraif .g pupty)idischssdd feamsiedelbgoreion for
the cells of the invention. The_.invention also provides nonoclonal or . '
~ pol ycl onal -SARBEH YDEMVERIOR pERE PYEEHOR Flsp FEBYRFssEC lﬁé@a@w%ss fudich as
o adin profanga i b Sk i BEE puRD IRl Aol i el one
wi | d-type ghieivagjonof the invention, and methods of making such ‘ e
' 'The invention also ,prorvide‘s monocloné.] or polyclonal antibodies which
| specifically recogi:isé tﬁe agents (such as any of the epiiopes of the invention) and
- )ﬁhich recognise the mutant gliadin ﬁmteins (and typically which do not recoguise
 the equivalent wiid—tfpe gliadins) of t‘herinvention, and methods of making such -‘
- 20 antibodies. Antibodies of the invention bind specifically to these substances of the
| invention. | . _
For the p_uxposés of thus invention, the term "antibody” 1ncludes antibody
_rfragmeﬁts such as Fv, F(ab) and F(ab), frzigments, as well as single-chain antibodies.
_ A method for producing a polyclonal antibody comprises immuniéing a -
25 snitable host animal, for example an experimental aniroal, with the immunogen and
1solating immunoglobulins from the serum. The animal may therefore be inoculated
with the immunogen, blood sﬁbsequen‘dy removed from the animal and the IgG
fraction purified. A method for producing a'monoclonal antibody comprises
immortalising cells which produce the desired antibody. Hybridoma cells may be

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

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



—.anti bodi és Ant| bod| es of the i nvent i on b| nd speC| ficall y to these _ =
fs_ubst'_anCes of the invention. For the purposes of this invent |10‘P€PﬂitQﬁQ4t erm . °
“"antibody" includes antibody fragnents such as Fv, F(ab) and F(ab) 2 L .
_fragments, as well .as si. ngl e- chain antibodies. . A nethod for produci ng a '

" pol ycl onal wenizkisdy conprises imuni'sing a sui tabl e host amaTedBoofsTee.

- exarrpl e an experimental animal, with the i nunogen and isolating.

i.mmunogl obulins fromthe serum The ani rrg may .t her ef ore be i nocul at ed-

with the i mmunogen, bI ood subsequently r r?oved fromthe ani mal and -the IgG
~fraction purified d f.or monochona nprises- - -
s mort al-i si ng cel |'“é° tﬂ’ﬁng 68& légrc{%ﬁgmgg% $5Hc‘gﬁ?tftt9§§§nay Srefggprg’ycael | s may

. be produced: Ry fesing odeaar. Cald iybfiaoHhaRal BQWE@U&&Mﬂ%ﬁE&E@' animal © .
~with tunmour  cells (Kohler and MIstein (1975) "Nature 256 5-497). 1°

CApril 2004 Wintbdpefi&neallPioT//GBRO0E 37 6ite2BuidAn mertbafblabdzfeebnmeﬁn produci ng

- the desired anti.bod

¥ be sel ected, b entlo é% edure. ;g o
~hybri donmas r O%@l‘"gz?ﬁfsﬁ WBH?WPEOIBF%R?%C gﬁ %ﬁ%ﬁ%ﬁtqpﬁmfi w in
formatiof of ,g5e mttsundofqtunntrg%gg& o ossasgraastfo?na@ttms@' ¢ host or -

~i nmunoconpr om sed. host.  Human ant e prepared by in vitro

1 mmuni sat i-on. lgﬁpllmuyeas wtwmmeymvml I ovved by transformation of the
. l'ynmphocytes with_Epstein. Barr virus. For the prod

t f. bot
rm)nocl onal and polfﬂ?éIﬂtﬁféPd‘éFﬁ‘toP%GP@@O’%%@E%WQIW;%C%F&QWO%F g‘ies suitably
~a goat, rabbit L perfiilo Ol 2t Si?sm% §tatsqbb1t h& dr r%asggmegsy r,rgqeadm ni stered

..as a conj ugat S coupl'e for exanple via a side.

chai'n of one xﬁh:ruhbeerﬁﬂihylee adinthisteret dﬂ&&omﬁgataustrhioahhenmnmooen is colgledar ri er
mol ecul e i's typi call y a physi ol ogi cal |y acceptable carrier. The antibody -

obt ai-nedd may fblee?qasl@llfat’léd ssasovhatnfofd:espf e, anyoe peidaest unﬁetoscﬁugﬁablepeaet de, )
agent, protein or_anti

. _ ) of _t.he i nye R 18 | abel .
- Detectable | 8RR T & ?/el BT %gcatéﬁ ﬁm?)ctal %G@?%qigaﬁnuﬁeﬁhanagggéf vi sual
i nspecti on, QptHRghhybisbiitdd@daifdeifedapurdd cal magni fying neans, are .
preferred. Such a systemis typically: based on an enzyne | abel whi ch causes

~colour- .change .in Thegolpuckeotde, aentaprarept o atikally nBthsheeeption, sy eays ng a
'--;sgfr;bfzangsaet@ s ol 5 Pl o PRty s
such as; per ofydasal J.n‘sf)ed?i'oﬁ,t @pﬂ%nhﬁjbﬁrlitﬁ the>1§ Br 88 optical magnifying means, are
preferred Such a system is typtca]ly based on an enzyme label which causes. co]our
change in a substrate for example alkaline phosphatase causmg a colour change ina
substrate.’ Such substrates are commercrally avaﬂable €.g. from BtoRad Other
suitable labels include other enzymes such as perox_tdase or protem labels such as

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

R

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

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



bi otin; or radioi sotopes, such as 32P or 3'S The above | abel s nay be
_detected using known techni ques. Polynucl eotides, agents, protleMii2004.
. antibodies or-cells of the invention may be in substantially purified

form Th ' i n"substantially isolated form in which wil |
general I%c@?r% Pse at-least 80% e. g.,at least 90, 95, 97%?@3%‘%?% he

- pol ynucl eoti de; peptide, antibody, cells or dry nass-in the preparation.
_ The pol ynucl eoti de, agent, protein or agtji-body is typically substantially
- free of other cellular conmponents. The pol ynucl eotide, agent, protein or.
anti body naythberadseson dfithe sitibody). Rrbfstabiy fhalthimisidaatde e suatkpkibleegh or free-
formin the nmethod or be present in such forns in the kit. The invention
_al so provi demehiag disgpstye Rhempmmehmayilse expseps HE4eR Q3 andir mhy bhgivienwent i on. .

mor 1 Sb0a. B8 ekl SRR G SURRS SR €5 Bl e PR
- anti body) . RagfminaBh¥reid)e THEIMEB niatal iy Ak 2§ WS £8RhI Bb&sl fédoeRe! | aC

di sease. The manmmal nmay al so express HLA-DQ2 and/or may be given a diet

conpri sbng adwegasadi n whi ch cause coeliac disease (e.g. any of the gliadin

proteins nentio herein), Thus.the .. act as.an aninmal nodel for

coel i ac _-d!'sea.sehf V@?Bﬁ%@ﬁ“&??o“ﬁ%\’%@ _eﬁgﬁzé'f%%‘?ai_ Ffying a

product whi CliejapeltdiShARRMEE GiséRE c&ﬁﬁﬂiéiﬁga&&hﬁﬁﬁ&%g@é&ﬂﬁi‘dﬁﬂe@gb&ﬁ'@e%ﬁt ering a .

. candi date substance to a mammal. of  the invention which has, or Ichis
-suscept i bl e memmedef thacndpemwbichihds,detvénch nisngepiitdt tre codiab disameangr event s

or treats coeliac dis aﬁ% i qﬁﬁt he mammal, the p _evsnti on-or treatnent. of

coel i ac di sedRFHRABCARTIG™ PCT HEY b et Erteeqesra it Hist tEEERpA Rt .

- Such” a; gr odugly IR AR ti8Ent 6 oEBA! difasPIRYSGRhe Hﬁ?{h'eéﬁ?ss%%gﬁsae- The

i nvention provides therapeutic.(including prophylactic) agents or

~di agnosti ¢ sthbsipamiegofidieSegpeampre dug nmydiensed ndtreb by precdnt ovélde disehset he

i nvention). These_substances are formulated for clinical admnistration by

nixing themwith gﬁe P SRR LN A% ?@P%E’Géﬁl%“é_g H&P‘i‘ﬂlféﬁ*—“f‘b?ge&?sl%ent . For
~exanpl e theyg Q‘Ebslﬁ@ s&%‘i&’ﬂd&?(ﬂ%daaeﬁtgf rB%%s%?mé%&@l%@c[g@hg gl:génﬁ\;eﬁﬁﬁ olsz,

i nt.ramuscul ar’, “subcut aneous, i It raocu rader ma erma
- transder mal ThHedesubstames aa foritudated fos Hnicalsadimyistigtion byadixing them with a

15 pharmaceutically acceptable .cagier or diluent. For example they can be formulated
' for topical, parenteral, lntravenous, in'qamuscular, subcutaneous, intraocular, . |
" intradermal, epidermal or tfa.n_sderma} administration. The substances may be mixed
‘with any vehicle which is pharmaceutically acqeétable'aﬁﬁ appropriate for the
* desired route of administration. | The pharmaceutically carrier or diluent for injection N
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. |
Tﬁe dose of the substances may be adjusted according to. various parameters,
especially according to the agent used; the age, weight and co:nditiozlﬁ of the patient to |
be treateci; the mode of administration used; thé. severity of the condition to be
25 o treated; and the required clinical regimen. As a guide, the amount of substance
‘administered by injection is suitably from b.Ol mgfkg to 30 mg/kg, preferﬁb]y from
0.1 mg/kg to 10 mg/kg,
The routes of administration and dosages described are intended only as a
guide gince a skilled practitioner will be able to determine readily the optimum route
30 of administration and dosage for any particular patient and condition.

The substances of the invention may thus be used in a method of treatment of



Wit h any veh| cle which is phar maceut | caI ly accept abl e and appr riate for

‘the. desired route of administration. The pharmaceutical |y carrARi 2604
~diluent for injection nmay be, for exanple, a sterile or isotonic sol uti‘on .
jsuch as Water for :Injection or- physiological saline, or a carrier partlcle
~far balllsumnndSMBvery The dose of the substances may be adjtustdsrco
'accordlng to various paraneters ~ especial'ly according to the agent used;
.the age, weight and condition of the patbgnt to be treated; the node of -
- adnini stration used; the severity of the ondltlon to be treated and the
required clinic u t he a t of. substance
‘adni ni. st ered%@ﬁw g’t a‘HbA%gu?'q‘gﬁl agfnlptqbtrlﬁ WG 96 AR gody-
- preferably fremhrubr B eyt uked Hﬂél‘iﬁtho-ﬁhﬁt{egﬂﬁfér ;S}f:v ﬂH%%&faE%ﬁée% and
~ dosages ~descri‘bed are |ntended only as a- guide since a
practitioner Thelikvendoalalse pravidiethe egémiefar eael i zymtetbed@ﬁtnamlfmtuwtafea of

‘admi ni stration and dosage far rticylar. pati nd condi tion. The
- subst ances . otmﬁtdl’t‘"émtq‘i‘trg?{ e&tﬁ“cn%ﬁpr%‘t‘ﬁ%mﬁéo éaéd'hﬁp %EH“B?““PP&?&?Y’F@?Raof 1
April 2QD4 P Q/ gémg&ghgeﬁl in. a
di agnostlc Vn\gtﬁﬂ{d?pr%gt’%lggﬁ%{r{%%é’ c%él}ébﬁd;%&% u?:’p%trtlcu ar ?hey nmay be
used in a.nmetbnedneh néedethtiends nbspneyelithe ngreﬁﬂ@i (tapicalyseagstoxihefdctivent i on:

‘al so provide the agents for use in-a nmethod. of manufacture of a - medi canent
~for treati ng aBroupt @Rk ng coel i ac di sease. Thus the invention provi des a

rothod of prevent g ot draal b0 a%kh 88 o3 RS LOMAISLOG A @te“ng

~.to-a human in need tHEreo ance 0 he Pnve

- non-toxi c. ef k@mhigues;atEhiat byt eeed rutotaedagaitesigér. t'meagémemlwms@éw be rrade '
" using standard synt hetic cheni stry techniques, such as by use of an \
aut omatléd sy dtomes longer PqTﬁEﬁPéthﬁtS #AiplarepTAteD Whlﬁlbmlapﬂpélﬁgéfpﬂﬁﬁélb’ypept i de

e.g. a fusion rotel t.id || he sequence ‘
5% he pept | deiP ﬁ*ﬁ?‘ﬁ%ﬁ?ﬁ“&%"ﬁ%ﬁ?ﬁ%‘? Tk Tatt R iR A SRR SR B8 0y for
exanpl e -hydrg) ettt}efopekmﬂ@hyatetyswqhe pSlypehtg, ﬁlcﬁraﬁlhﬁﬁsﬁpr&éasebbfr S
physical Iy brea |ng t he pol ypeptide. The. pol ynucl eoti de of the |nvent|on
can be nadebyguhﬂngdisabr@dflne th@@hmm]m@ '&@Dlwbptldsﬂﬁ@eau@yhomem Ber .
Plant cells and plants: %t Xpress ,ntwgl iadin &rotel ns express
proteins - Madeusing sta.ndar technlques, suc' asby ngasynth 1ser. . ,

15

. Plant cells and plants that express mutant Q_liadin protci_ns or express proteins
.~ comprising sequences which can act as antaconists

. The cell of the invention may be a plaut'celt, such as a cell of a graminaceous

-monocotyledonous species. The specieé may be one whosc wild-type form expresses = =

20 -crhadms such as any of the gliadin protems mentioned herein (mcludmg ghadms

B with any dccree of homology to SEQ ID NO: 3 menttoned herem) Such 2 gliadin
‘may cause coeliac disease in humans. The cell may be of Wheat1 matze, oats,,rye,
- rice, barley, triticale sdr—ohﬁm,- Of sugar cane.. Typic'ally the cell is_t)f. the Tﬁticum : |
genus, sucb as aestivum, spelta, polc)mcum or monococcum. _ '

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

- express suctt a gliadin then it may be engineered to prevent or reduce the expreséiotl :

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

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



corrpri'si ng sequences which can act as antagonists The cell of the i nvention .
maybe a plant cell, such as a cell of a gram naceous nonocot yl 8efdR804
speci es. The species may be one whose wild-type form expresses gliadins,

such .as agﬁnggﬂkhefgliadin proteins nentioned herein (ingtydigdeegkd adi ns
W th any degree of honology to SEQ ID NO 3 nmentioned herein). Such.a
gliadin my- cause coeliac disease in humans. The cell may be of wheat,
mai ze, oats, rye, rice, barley, tritrélre, sorghum or sugar cane.’
Typically the cell is of the Triticumgenus, such as aestivum spelta,
pol oni cum davemioopoccum The plant cell of ‘the, invention is typically one

“whi ch doe t , i d- t 1 | adi . | adi _
Tonti oneda-her el rBHFENPY R e ee e b S AENO RSP 20 ok BB 2T O

express a gl;j gdi,py, 605mE bsiedgn heIRAURPEAHIAntS aRliReor poaiced. by a T cel |
t hat recog%ﬂs%gslut Eﬁé%%ﬁt. Thus(,3 I f° the w,iﬂITd typeu%eant cel ?@g(l express '

such a gl i agtomotdiesgions).nBychmustigisraebedny of feavperar lensth etmustionte
expression of such a %I i adi T or tg change the. a. '.@(l) aci}(_jl se uebgce of the =
gliadi B so diseussqdiherein (ofgerelitionde LongReP P arEshs 2 PYBRER 1% 5y no 1 onger
expressing the .epi.t . i ine i 2315 RERAEBRPZEA3760 - 29

i nventi on) "Ffﬁogu%gﬁﬁ)%guggﬁ%%glr‘e@ggnd&%ggédlirér{(\%cg%ﬁ%?ng lrsrut ati o%g’ into 1.,

-2, 3 0r Norggmbiationfechiigiesybi mci randpen emnner (tgeusieg 4 mufagenadiigne into
codi ng or non-codi'ng (e.g. pronoter regions). Such nutations,.can be any: of

the ty_pe'ormpmgﬂhelgﬁm&fgaﬁ%m%ﬂ Syl ‘g?e‘P%%qﬁ TRy ﬁgﬂ‘@q”&??rc?h'to ‘
honol ogous pr.ot.eins). T ‘ ' introduced in a directed manner
R e R s T "

(e.g using agenesi s or | ogous - reconbination
t echnijgues) or i @, Aelcanddplamnneslafieels thaséxpeesaa prdteigemt camgrisdsen
typically selecting for nutageni sed cells which no | onger express, the .
gliadi n (or sequhéeablntosstpcancatagonishsuchsdant epRIENLRElIPOTPESS 2 -t he case
-of plants, or plant cells, that e , r otiei j . C
sequence: abledBRlpraEnL(s S ArsFERb et Spital sREls) L FAIPULIER O |
EXpress-a w H—%&n&ycﬁ%&idtﬁﬁh&-t sefueh&) Will(Qug re@uted obélinh disenseaympamhs ac
. disease). Preferably though the presence of the antagonist sequence wll =
" cause r educe€ghdbaehbagmgiossd Feasipdpidist whe ingesta s fers eompsissEhote gm0

i ndi vi dual who ingests a ‘jn,ﬁOd conprising protein from the plant or.plant
-~ cell. The pdheplast &addt&lvhi ch is present in (or which was transforned '

into) the plant ']fheelr#ol- lutleo 860 hRK Y prefiip id 86 Wi Rhefrasdfattiénto) the -
. expressing the mutant g |_a8| n : ' _ R
. plant cell will generally comprise promoter capable qf expressing the mutant gliadin

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

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



pr ot ei n the'pl' ant cell . Dependr ng on the’ pattern of expressr on desi red the

_ pronoter. may be constitutive, tissue-or stage-specific; and/ ot Apil@ee bl e.
-For ~exanpl e, strong constitutive expression in-plants can be.obtained with -«
the. CAW 35S, Rubisco ssu, or histone pronoters. Also, tissue-specific or:
- St age- specWpioe.2{9dnot er s may be used . to target ‘expressi onPE/GROWTN Of
~the invention to particular tissues in a transgenic plant or to particular”

~stages in-its devel opnent. -Thus, for" ex_a_m)Je seed-specific, * root- specific,.’ |

-l eaf -specific, flower-specific etc pronoters may be used. Seed-specific

“rorormters 'n&tppttglggt\gg r§=or<t€a£1 1@%&%&%&%@&1@ @ﬁ%@a@tﬂ@@&?%\fﬁ““ Rev. =

(1997), Parti cul ar exanples o -specific pronoters are
napi n pr om)tcﬁffsrenﬁﬁl?d Aelf) siagh &s a 8BYf,a yhafmal imempbrywetpeilen, ©bist svotseor

- pronoters; helianthenine  pronoters. (W92/1758Q), albupin. pronoters

©(\WD98/ 45460)leavsseBATAPHIOREIIEE L001Y; Wbores; Aeaes,)ang Rarnpse V&Hdﬂ &pseiuarraw ers

- (PCTI' US99/.0679 o A t.my be an
i sol at ed cel*¢ §é5 Bomen’ Ar’ota@%ﬁé e?s Qt%'l Qer éﬁga@ﬁw ? ant tissue,
‘e.9. a gallus, orr bRt ﬁ&ﬁlﬂ&ﬁﬂmfeﬂﬁﬂbﬁobtﬁir@igatrﬁhﬁsobﬁ.lclﬁ?ahtbell part of a

whol e plant. The cell may be of any type (e.g of any type 1 April 2004 WO
. 01/25793 PCToBROSE3Ta6 oraing. dplapl %ﬁﬂthﬁaa pt,vlymmér:ot@ﬁmﬁpeor eﬁﬂm inveption”

~undi fferentiated cel suc al a diff rent cell, o
-.such as a cetF'Ig“BafaEa‘tsﬁf)’ewr"gatﬁlﬁadfl n‘&%ﬁ aggﬁraﬁéﬁof’:@ﬁuonr%g 8 aj}sgglr( | eaves B
Plant” parts &pehdddg WHot e tRARuSs dib@8aSn Vasd vl %mt&umtdr@@ 10) 667- o]

reproduction, such as pollen, ova, stanens, anthers, petals, sepals and -
--ot her f| ower678a(§%2) ridgebs mhth&mdmafesn@qmem@s inshedsi ni ng a

transgeai c plant cell risin sformn ant eII w th a
pol ynutf.eot |%@W°%€P@?Pg})‘t IO ANC PAFClg B&B&f Oy ﬁgﬁ@ﬁ‘?a&m&%ﬁ cell .
- Any sui'tabl SrhEJ gle géf@ébﬂﬁxe?‘%ttﬁ%want)ﬁlwﬁﬁg sofnk Relid 418 nRfangheat the

t echni ques scfosed In Vasi| V et al, Biotechnol ogy 10, 667 674 (1992) may
“be used)- Premsyaredot r ansformati on technr ques i ncl ude .el ectroporation of

pI ant protopl asts_and particle: bonb a or mat i'on .ma ~ thus gi yé .
rise to a chimeriEk ﬁt‘r’%]s‘?féh%rm’ﬁp%‘?ﬂ” t%lﬁcdsE)"‘rL{emE% ??ﬁ?@aFFéWéé‘eni c and -

 sone are not._The. gs{aht%tstetcﬂﬁgh&%wnqgﬂ%ﬁhﬁesgmﬁlmvéﬁﬁleusﬁy R

regenerat ed .%ﬂs%“*‘“‘ eni ¢ -plant . by techni'ques known in the art. These .
. may inyelve Hamweesehcalsaamasgrm giberHisisamndes cguikhisstoatiniubae thgi berel |ins

andlor Cyt Okérrclrlvrtlhs atzd?orsétlrg}]cjnaotfethé trr!snsgemc cell. Similarly, techmques such as somatic
embryocrenems and meristem culmre may be used. Regeneratron techmques are We]_l
known in the art and examples can be found in, e.g. US 4,459, 355 US 4, 536 475 US
5,464,763, US 5, 177,010, US 5,187,073, EP 267,159, EP 604, 662, EP 672, 752

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 invention provides transgenic plant tissues and parts, including
embryos, meristems, seeds, shoots, roots, stems, leaves and flower parts. These may
be chimeric in the sénse that some of their cells are cells of the invention and some

30  arenot. Transgenic plant parts and tissues, plants and seeds of the invention may be

of any of the plant species mentioned herein



growt h ahd/or division of the transgenic.cell. Simlarly, techniques such
as somatic ernbryogenesis and neristemcul ture rmaybe used. RelgRpd2804on
. techniques are-well known in the art -and exanples can be found in, e.g. US
4, 459, 35% %43536, 475, US 5,464,763, US 5, 177,010, Upc%;cebSdsfy3. EP
267,159, e , 662, EP .672, 752,. US 4,945,050, US 5,036, 006, US .
5,100,792, US 5,371,014, US 5,478,744, US 5,179, 022; US 5,565,346, US
5,484,956, US 5,508,468, US 5,538,877,~38 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 6PReg@Rsationge¢adany Wik tkpioatly dmyabeeiths selp@ione jragifermed -
t echni ques, o step is. the formation of a callus, i.e. a plant ‘tissue
conprising éX P}h‘/d’inﬁ AP BT RO i ng cells. Such calli are a further aspect
of . the invention 183 redn@ra@bi 8fep HREBsOh a¥ird¥eneRkibn rEkEcehit PandNTnd! ant -
- parts. Thus, for exanple, the invention provides transgenic plant tissues
~and parts, iimedntidh aigo pessidasasethodsef phtammeg tr&sgﬁé?p@h‘@@gﬁ;ﬂheog@r@ra&mmm,
| eaves and f| ower parts. Thes? may, be chinmeric in the sense that sonme of-
their col | s M IEEHIS SEHErtR Afe BT E AT S a8y FEEEHEatoni ¢ plant
parts and ti : ; ARE @l R VR ELQRe \n . of the -
pl ant speci ggﬁﬁﬁlgﬁg%ﬁﬂ;ﬁh. 1_Aprifl-1 '%&HV%@OHZ-T %%Q%é’%?&a 300/ 03760 =
-31- Regenerchtdist proacthd dire gendrbtiont tyqkgmid plantrbyodoyentane ksehemt thoartof ‘
- transformed cells by neans . of marker nes.. The .regenerat.ion step gives
rise to a first generBEIBRILPLARYST & &é’ﬂtofo‘mé“mg %%ﬁlﬁgie%‘ﬁpéqg%ypr ovi des
methods of 0831 BladfshbMBAEAL & RLARL SRl duHdeni OFRELAIIAN Frond & AL NI S
first generaﬁl on prant - These“are kn8wn as progeny transdenic plants. -
Progenygpl aniese@fios eamspdnichilant of fhe imvehtiod, iaht bptisialy bbeidng watsgesic =
generations may be obtained fromthe first generation tr_ans%eni c %Ilant by
any means kridets phomeer mpse furthes ggnerstinas fTomeReiserrngresraees HORERItRlof
~obtaining a %ranthstgﬁ%c progeny. plant conprising.obtaining a. IR
second- gener P O’ ransgeni c progeny plant- froma first generation Co
transgeni c pl ant Bigkhieplafily eftyiberproduaed fpinitheiapledeaidond off eadidrr ansgeni ¢
pl ants of one or nore further, generations fromthe second-generatiogn’
- progeny pl angenetationoby aRTIERRWIeshfigie- PR ARTISUIRPIORSIY PEARCBYY b5 RIRFYTsdi r
predecessors, of earlier generations by any. known techni'que. In particular,
progeny 2pl ant® may be. produced by: - ’ R

obtaining a transgenic seed from a transgenic plant of the invention belonging toa - .

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

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

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

generation; and/or

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

invention belonging to a new generation; and optionally

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

30

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



“.‘obt ai ni’ ng a transgenl c seed- froma- transgenl o pI ant of the invention.

. ‘bellonging to a previous generatlon then obtaining a transgenﬂc"‘Rﬂ'B@%y
- plant- of the invention bel onging to* a new.generation by grow ng up the.
--transgenl c seed; and/or propagati ng clonally a transgenl c pl ant ~of -the

. invention \ngOQ@g;lgg\g to a previous generation to give a trapgasioksRHOIENY -
- plant” of the invention belonging to a new generation; and/or crossing a

- first-generation transgenic plant. of th%j[ nvention bel onging to--a previous .
-generation with another conpatible plant™™@o give a transgenl c progeny. pl ant

D anegen o S ORRIOE IR el T B A g tt%s %ﬂ%‘x‘a' ¥ssa1%%' "o
~progeny pl ank,dhus :9BtahdRMic plﬂ%ﬁﬁaﬁl@f&”&hﬁ%ﬁ ATB 08 4

Bt bac :
conbi nati on.” For exanple,” clonal 1 April 2004 WO 01/ 25793 P /GBOO’ 03760 -
- -32- propagatassingawith. sgieuataxpn mgagton@mwmy desirtide dhatctetisticemepbepoi nts in’

- a process that I ves se to trans plant suitable for cultjvation.-
In -parti cuIU&fim‘%@Bef H’d"?fétﬁé fe‘E?YiggF% g ﬁpiﬁ%%%{egpgg{ﬁiﬁp&,ﬁqﬂhp lants |
agronorg cal 'ﬂer??%fﬁ%l &Q?IE%E‘% stics may be undertaken. Further steps

of renoving Cceé ma plant and regenerating new plants therefrom may

- al so be carried qubo, fAtther, debizatiibelararaistiabhry deaneeiveed ¢ irasformyibe the

i nt roduced by transforning the ~cells, plant.:tissues, @gl ants or seeds,
_any suitabl @GBQ,@é@tFlﬁS% Dlamss sy @bany susf@bleusmgﬁéla% HESPIOSHE0C odi ng

~ sequences other,th Jelo )
- SaPRa outlghacR ARt AUALUEL SR OR3 Al WIS INERERN o dliR e, ©

‘pol ynucl eot ITdeemed bk kerienvanby o tedt@iquex a&mheed hérintfbethe iftenRGRALST MRy be
sel ected - from those coding for other herbicide resistance tralts e.g_

“'tol erarte t oly@uylshtdestad theinyentingi. ng - an - EPSP synt hase . gene (e.
ol oranee i o ros dre bR SRR SRR A O HS Ff‘%iﬂ%’ﬁhﬁ%’gg’o%%wﬁezg

BP0 242, B e el okt o oaF o et hacs Bane (E‘Ef A0

369, 367) ; ‘Orgeae 1. oAy 29535 8eorg. clyghionge amdAL@ugfem @WOyﬂi/Qﬂ@éﬁX/)lg geather s

SUCh " - ortolerance to fosametm adlha]obenz.ommle ]ufosmatc e.g using a o

: :'15 ._phosphmothrycm acety[ transferase (PAT) or qutamme synthase gene

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

' (EP-A-O 369 367) ora sulphony]urea7 e.g. usmcr an ALS gene); d1pheny1 ethers such
as ac1f1uorfen or oxyﬂuorfen, e.g. using a protoporphyrogen oxidase gene) an
oxadiazole such as oxadiazon; a cyclic imide such as chlorophthahm a phenyl

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

| Slmllarly, genes for beneﬂcml properties other than herbicide tolerance may

| be mtroduced For example, genes for insect resistance may be introduced, notably
genes encodmcr Bacillus thuringiensis (Bt) toxins. Likewise, genes for disease
resistance may be introduced, e.g. as in WO91/02701 or W_O95f06128_'.

25 Tfpically, a protein of the iqvenﬁon is expressed in a plant of the invention.
Depending on the promoter used, thlS expression ﬁlay be constitutive or inducible,
Similarly, it may .be tissue- or 'stageQSpeciﬁc, i.e. directed towards a particular plant
tissue (such as any of the tissues mentioned h;arein')- or stage in plant development. '

The invention also provides meﬂnods of obtajning crop products by .-
30 harvesting, and optionally processing further, transgenic plaﬁts of the invention. 'By

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



as acifluorfen or oxyfluorfen, e.g. using a protoporphyrogen oxidase gene) P
an -oxadi azol e such as oxadi.azon; a cyclic imde such as chl orlopM#B8P4m a

phenyl pyrazole such as TNP,' or a phenopyl ate or carbanate anal ogue. -~ . .

t her eof : wQigtikasl y, genes for beneficial properties othePCT/GEMABI6DI Cci de
tol erance may be introduced. For exanple, genes for insect resistance nmay
be introduced, notably genes encoding-Bacillus thuringiensis (Bt) toxins. '
Li kewi se, genes for disease resistance nmay be introduced, e.g. as in

W91/ 02701 or W95/06128. Typically, a protein. of the invention is _

- expressed in a plant of the invention. Depending on the pronoter used, -

t hi s expr esBicuinciyalyat lbenteiprgutan gliadm moteinsdy prdsties thaSiomgrae ksquehte may be

tissue- or stage-specific, i.e. directed towards a particular plant tissue -
(such as an%%&&ﬂﬁﬁﬂ%%ﬂ%ﬁ%ned herein) or stage in plant - .
devel.opment. The-d i , I Ll £ products
by harvesti ng, ar?a ég{g?%%;?l Jﬁ/@gsig %?E?‘ﬁ‘gaﬁ%”?’g‘g%ﬂ%?&%g%ﬁ%@%%ﬁ?% of the
i nventison. oByrotéit €t perapkiset seqmen@anbatdoyf us@kub ap uodgeilistoftiaisnabl e from a
~crop plant. 1 April 2004 WO 01/25793 PCTI GB00103760 -33 Products that '
~ contain nut m%wai@pnedpﬁ@méir RemBFissplattaians froppplanty mspiuedderineplich ca able |

of acting as_a I L I Qi onprises -
t he nut ant _51{?%%%%%8%{%@?%5@&&& ﬂgér{&(;{gélin%ptbﬁgﬁ &%%ﬁ%raﬁrggg}pgg%%%%%%ggpabl e of
acting as amdikagVyithivesiliy &d fRrthymireedstivg Geriive of fiedivaatioe ODReLBE pl ant
parts from plants nentioned herein which 'express such proteins. Such a
product may obtinsbleraditeingife stans. Aliemaivalysualya groduct gl behtsipablpy

- harvesting ‘and further -processi he pl an t Lav i,.on...-Diyr ly

obt ai | e b?cg‘i?ﬁﬂ{"smﬁ%feﬁgé’ %nrdaflﬁ%g Elh W???iﬁ%‘t f%%%?g\%s éﬁ%ﬁ ,.aé tsp&e%ﬂpaélflg %y’ be
obt ai nabl e ifﬁk%ér%%aeysmgaa&e ARty @SdiktlBdanebhblE bhRraghs, FeRBEolgkts BXadRbas of
products obtainable by "~ further processing are.flour or distilled alcoholic

‘bever ages; flomdipeained or iaier froesssedanaienall g 2obakad pradues (¢.8breps) qedecessed
material, e.g. haked.product e.q. bread). made. fromflLaour .Typically. such
o0 pr oduc o™ BATE Gy a0y igdbPaPiodls Hhisary pebtBlat Wit Bas lo%or

- nutrient valig by Jhy BRRutiBdivaludY By ﬁﬁmhﬁ‘iﬂdhﬁd&zﬁ;é%e of food products that -
conprise the protein which conprises an antagoni st sequence the food -
productSmay al so lodimpeass ef fabf gradppts tdticastipnse the protein avhachadsimpriskeamnt agoni st

bl Lo e B Ol B SOR) S A e conligg o sease

. ' . preferably the antagonist is able to cause a reduction (e.g. completely) in the coeliac  ~
disease syniptoms after such food is _ingested. AR
._ 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
synthbetic ISLmer.peptides that span the complete sequence of a fully characterized a-
gliadin, "A -giiadin” (see Table 1). A-Gliadin peptides were also 'mdividually treated |
with {TG 1o generate products that might mimic those pfoduced in vive®. We also
25 sought 16 study Coeliac disease patients at the point of initiation of disease relapse to

avoid the poséibility tbﬁ; epitope “spreading” or “exhaustion” may ha';fe ocourred, as

described in experimental infectious and autoimmune diseases.

Clinical and A-eliadin specific T cell responses with 3 and 10 day bread challenoe
30 . Ina pilot study, two subjects with Coeliac disease in remission, defined by

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



~fed 1 Aprrl

-The i nventr onis i I I ustrat ed by the foI | owi ng Exarrpl es: Exarrp
carried out epitope mapping in Coeliac disease by using a set 1d?‘pr5?004
~syntheti.c 15-ner.peptides that span the conpl ete sequence of a ful I_y
characteri liadin, "A-gliadin" (see Table 1). A-Giadin tides
were ‘al so ‘?’ﬁé‘jﬂ@?"agal ly treated -with tTG to generate pr odu%?gg"tlﬁ'gﬁmﬁoght
mmc those _produced in vi vo3. W al so sought to study Coeliac disease
“patients at the point of |n|t|at|on of d|3$3ease rel apse to avoid the
~ possibility that epitope ' 'spreadi ng" or."exhaustion" may have occurred, as
- described in B Al dal 16 EhLANS ARG WAL OF IRy t SRBSGS0 (it Rlge and -
A-ai adin specific T cell responses wth’ 3 and 10day bread challenge In a
pi | ot study, dghwen ﬁee);imctSutwectth déo:&ldrtaeadd:eeﬂﬂe@f abdonenkigsig moudie frlcascinly

- absence.of ser um an |-e do nti body (EMA), a gluten free diet were.
%ﬂr B B@jg sapfsived dar) 1094ys sdthpmly malddar d

o enSont e b ot YL g ot o0 00

. diet. Subj ect ceased se rs and

i | d di & r hoegeadfdheleridas @dicdays thelbutadSisbi Bed eaZ:sSd)mtdlipsedf toelidkQishays Wi th
only mld nausea at one week. The -EMA becane positive in- Sgé)iect 2 one week
after the br é’amleﬁebrpedggm‘tﬁeneaed nesaeﬁeusrcee’d: BoBds pHer by e’rsllanseerlapse

" of .Coeliac drs ed L9 two
nont hs after. bﬁ’ ecﬁsaﬁ%éttomﬂl?it%é agf?td ‘é’hﬁ%& 1293?% esgﬁ"e °ear ed

“with br ead cr@ gg{@eetﬁ%@&téegumtﬁyeralgtm days after ret ur ni ng, to gl uten

free diet. responses in I FNy- ELI SPOT assays to A-gliadin peptides

were not found b PEGYIE respogsasilndFBy Eé&SEQTiatsaeegeA %etlmmeemitsrreerdayt

. afterbread w_t a 4 ect o] erl.appin

. pepti dé& sparf?t‘i“ﬁ{;b ﬁﬂﬁlt}gga%{% éTad céépée%o?u )mtl %’ﬂ ﬁ@’v@dpgot gnt Y
1 FNg responsgpa( g ﬁs@t&@ al smgle P&ﬂ o‘ﬁlsta\eetp;;tno séﬁd%hﬁmrﬁsm Rge to

A—glradrn peptide’ renai ned targe ed to -3 Tal'one and was maxi mal on Day
8.7 The dynams8s<Pavie) treatgdivtithdd Coshoves powpﬂrﬁgresponsmfslee E’Igmafslaér mlar to-

T Py et oblechi By BBV B oS Aoy bhioh rearnr Brahe e RaRES o
treated with ]G3 tsa%ttsatzcgm fsamsﬁmwgmngasﬁst%@uw% yere 3

to 10-fold- . greater treat h t TG ect” 2, Pool 3 treated with
t TG wast al SO Fobks ek ym:u]ar to that elicited by a—chymotrypsm digested gliadin. PBMC IFNy

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

ten days mstead of three, T cell responses to other A—ghadm pepttdes appear

. cons 1stent wrth eprtope 3preadmg

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

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

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



i mmunogeni ¢ set of A-gliadin peptides on Day 8, but this response was ,
weaker than Subject 1, was not seen on Day 4 .and by Day 11 theApd2BBhse to

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

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

indicated that the initial T cell response in these Coeliac disease

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

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

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

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

t of six further Coelj | SHbj ect sy L 4t i "Tabl e
D) bread chEPIORBE PERURTP B IAIST A ErvRLR EFed bRt I g el T Thoor
3, d1 Ll PGEHRSD S Adlgtibdiar , '
-pep?indes, ?gp%ﬂéls%gggﬁyg g%él%%ﬁzg%%%ﬁd 60-@?5 §§s§as e% F]beﬂgz(rjl-le Algcr)rrponents

elicitisng | pbpidercera-BEMdysse didestad gliadin beford Guting sPoofeuedays pfier in _‘
el to I'FNy ELI SPOT sh IL-1 0. t 0§ TG tides -
B o braevar cm R o G AR ACeIR ARy PoB O
" peptide or %@%gy%gﬁ%é/ﬁrpwm%ﬁf@tﬁﬂun&{d 13 RofBs & bréuichilengs. up to four
fead Cha

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

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

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

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

IFNy in PBMC to tTG treated Poql 3 and A- gqliadip.peptides .56-70 (12) and
_60_[.\|¥ 5 (13) ﬁ@@@_@maghm@%%@o%_ﬁ%@fﬂiie P@%ﬁ@_t%{l%%&gted 26‘1)&“%'3 ( ) an
oni Lodaared Ay sdthes sehfRoTRRPERTS of3)WiFe Coblidttischsetpbdtle /3 ve )4,

© p<0.01 by Chi-squared analysis). : : -
15 '

Fine mapping of the minimal A-ghiadin T cell epifope

{TG-treated peptides répresenting truncations of A-gﬁadiﬁ_SG-’lS revea}ed that
the same core peptide sequence (QPQLP) was éssential for antigenicity in all of the .
five Cocliéc disease sub) ects assessed (see Figu_r; 3). PBMC I'FN'ylresponses t0tTG-
20 | treated peptides s panning this core sequence beginning with. the 7-mer PQPQLPY
| and iﬁcreasing in length, wndicated that the tTG-treated 17-mer _ S o

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

25 7. Deamidation of Q63 by tTG generates the Mnupodominmt T cell epitope inrA-
HPLC analysis demonstrated that tTG treatment of A-gliadin 56-75 generated
a single product that ehuted marginally later than the parent peptide. Ammo acid
sequencing indicated that out of the six glutamine (Q) residues contained in A-
30° gliadin 56-75, Q65 was preferentially deamidated by tTG (see Figure 5). Bioactivity -

of peptides corresponding to serial expansions from the core A-gliadin 62-68



-.tTGtreat ed pept| des repr esent| ng truncatl ons of A—gl | ad| n 56- 75 reveal ed o
.that the sane core peptide sequence (QPQLP) was essenti al f or %Qﬂ?g@% city .~
~in all of the five Coeliac disease subjects assessed (see Figure 3). PBMC *
| FNy responses to tTG treated pept| des -spanning this. core segruence
-begi ni ng WPW2tHE 7-ner PQPQLPY “and increasing is |engt h,PG@BUABEN that . _
the tTGtreated | 7-ner Q_QDFPQDQ_PYPQDQS (A-gliadin 57-73) possessed '
optimal activity in-the |IFNy ‘ELISPOT (e Figure 4). Deanidation of 065 b.

"t TG generates the i-nmunodominant T cell e itope in A gliadin HPLC anal ysis

. denonst r at edeqirpce trehichedutapate (B) replaged QFSriwas enurles he thetsatie pgpédaesgl e

D denci no. vl a5 SR O8bintal Cbeb iy, ReR O S PrT W o
in Agliadin, gén&%: agaé Wﬁeﬁes ei@ﬁer&hhelcle}énggeﬂh%ﬁﬁe PY_nlel G {286kl QUre -

- 5). Bioactivi des -‘corresponding to serial expansions fromthe
core A-gli acﬁ:cnahaadﬁSas‘é@lQM@Eﬁ@&dR@E/Eﬁl@]ﬁOB%@ m&@?zsmqam\@enganed whi ch

- gl ut t E I d I to th tid th. 5 .
S er TG { Resrrbal g TRidtn oled R bot ReHatin DI 102 by -96. L
- together or (ﬁ.ggﬁ?% dm}ﬁ@ﬁls\'l %W%dgnagpqﬁo%gahg {hC]!n{ Qug‘lhe 17-mer in

the . three sease subjects stu gure b7 and Qr2
 were invest lg@iﬁﬁlunbecamema)lgbase)arﬁhemforeeﬂiedmﬂoabm@dTta;yu Bp@dpengas N

gliadin peptides are_not deanmi dated by tTGin vitro (W  Vader et al,

. Proceedi ngs ®fhed pt QEREFPORELY YQIR%i um Coel i ac- Di sease). Therefore, the |

" i'mMmunodonmmant. T cel | epi t ope. was defi ned as Q_QDFPQDE-LPYPQDQS ' :

| mmunodomi.nant T cel.l epitope response is DQ-restricted. and CD4 dependent
I'n t wop6oel itaemdiosemseins ThiR ehBoRaERHngON DO DreddiAeDRIACDAMPdndedBl * 0201,

. anti.- DQ nonoel onal anti body bl ocked the ELI SPOT | &%{’N response to .) '
tTGtreated A-gliladiva @eh%dlsm@swmtsmnamoumr ABYAPI T WPInot (see

B3 ST o ST o BEhAGRR ATRAB LSRR, EERANL 9P e BB O t““, .
SA-gliadin 5§Té5qea%ecfp4%hﬁdﬁlejst7mt AUEDP RUSORSH(DRdy Ul ddiigee Fagidy Ty o

U descrl be a rather s e dietary antigen chall enge using _
o ' Anti-CD4 and anu—CDS maonetlc bead depletion of PBMC. from two Coehac disease

;-|-

: 15 subJects indicated the IFN'y response to tTG-treated A-ghadm 56-751s CD4 T cel]-

mediated.

- A-Dlscussmn _ _ ,
- In this study we describe a rather simple d:etary anngen cha]lenge usmo

20 standard white bread to ehc;t a transient populaﬂon of CD4T cells in penphera]

j. blood of Coeliac disease subjects responsweto a tTG-treated A- ghadm 17-mer with .
the sequence:'QLQPFPQ'PELPYPQPQS (residues 57-73). The_immune response to
..A-gljadin 56-75 (Q—E_GS) 15 restricted to the Coeliac disease-agsociated HLA allele,r
DQ' al*0501, B1*0201. Tissue tfa.nscrlutaminase action in vitro .selectively
25 deam1dates Q65.. Elu:ited penpheral blood IFNg respon5es to synthetlc A—ghadm
7 pcpudes W1th the substu:unon Q-E65 15 equlva.lent o tTG—treated Q65 A-ghadul
| peptides; both stimulate up to 10-fold more T cells i m the IFNg ELISPOT than
unmodified Q65 A-Uhadm peptides. - :
 Wehave dehberately defined this Coeliac dlS ease-specxﬁc T ceil 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



standard white bread to-elicit ‘a transient population of CD4 T cells in
peripheral bl ood of Coeliac disease subjects responsive to a ARGl 2Peht ed
- A-gliadin 17 -nmet with the sequence. QLQPFPQPELPYPQPQS (residues-57-73).
The i m‘rug,%or§§£9gnse to A-gliadin 56-75 (Q E65) is restrypigicedobfet he
Coel i-ac %S%¥43E"- associ ated BLA all ele, DQa 1 * 0501; 13 1 *0201. Tissue
transgl utam nase action in vitro selec{jvely - deam dates 065, Elicited
peri pheral bl ood | FNg responses to synthetic A-gliadin peptides with the

ubstitution Q -B65.] i - i adi eptides;
born st 1 mutRiRe e S thait e kbl ERF ol T AIIAhA 1 POPLI deS:
unnodi f i ed j{B&id & dhaeh BrepepitiibdeshorMiévedave caebes bilizat édryepiiope meppinbi s

- Coeliac disease-specific T cell epitope using in vivo antigen challenge and B |

short - t er r dn eivorantigen shallengedws alps shayvmihereds & RMPPRIUSBIGPY O Mpoune.
met hodol ogi cal artifacts. that ,m cour.ML1 h f [ Iy es in 1l
Apri | 2004IWW§5’3‘9§"W%&5’&%m%’%$ Ienﬁ}d ogtaﬁﬁg%p%o-r{;&.ﬁﬁéﬁlrc%l&%di ngs

i ndi cat e t@ﬁ'&n%%@f iR FRbork QOBTAC Bt it <@HRABSAft (RNg fe8feBt iomprehr. gl uten are
r -

rapi d but sho ived and can be utilized for epitope nmapping. |n vivo
anti gen - chal | engechas val e srosaed ohlyrpeplidesspimnippAzgliafine ReFeMPY B¢ | mune.

- to A-gliadin peptides; A gliadin 57-73 modifi . t only
Gl 01t a. 1 et eONgRs S PRRG LR ot SacY R Biie e o A Balieb bR B8 PRy
response t Q%cﬁegllggaﬁease.Bﬁfa@Hcﬁ%é’\ﬁep!ﬁ@E’ SeRSRRSS & DR Of the phitadesn Apgiiutimg ’

-A-gliadin, may be other ‘epitopes in other gliadins of equal or .
greater i nubstwnieseidentified (RQPQEBNPssishawsfl by Goedril athagishadine(Swipdeeld, t he

TR 36 HatbnRlar it LI, B PN RS 07,

Trembl accessi-gn 11985 P2 §63ve v 1328, i Bdadls th 3 PreiBEROGeen P04 722,
P04724, Plg@g?f’%ﬁgﬁ,%@gl I adeivn’peﬁt I é%é%%hat have E)pr evi ously been

“shown to pogsessopbeeatbivictiyity n Wiopgysshalitrgelaed gevianduidiesyior 6xzeplgi es (for
- exanple 3 1-43, 44-55, and '2,8@-2é7) 1' . di ot elici.t ég}l\ég Lesponses in PBMC -
fol | owi ng thr-68 442y apd eer2ERa1 FidAgkelict EDgrFsponis ok EB[ErE e rhese :
pepti des may he "sec ary's ( it SrHeba LS aWbht PseShih ing of - -
. 'ltohe- i mmune ¥%’2?58 @%ﬁ%n%cgegaﬁﬁé&é?@gg&gn .. #%pg:afssée%\fggni t od'r?%gf L '
“subst hsut | Ofge]l BpikdiRs AR syredding oftthe anifinne eéfase. of substituting the
glutamate at position 65. in the 57-73 A-gliadin epitope was determ ned by
measuring peripheral blood responses against the ' : _ ' o

Example 2

The effecton T cell.recoonition of substitutions in the immunodominant epitope

20 The effect of substituting the glutamate at positién 65. in the 57-73 A—gli_adin o -
epitope was determined by measuring peripheral blood responses against the
sub-stituted epitopes in an IFNY ELISPOT assay using synthetic peptides (at 50
ng/ml). The responses were rmeaspred in3 Coeliac disease subjects 6 days after
Qommenciug gluten challenge (4 slices bread daily for 3 days). Results are shown in
25 table 3 and Figure 8. As can be seen substitution of the glutamate to histidine,
| tyrosine, tryptophan, lysine, proline or arginine stimulated a response whose
" magpitude was less than 10% of the magnitude of the response to the
immunodominant epitope. Thus mutation of A-gliadin at this positi_on could be used
to produce a mutant gliadin with reduce or absent 1mImunoreactivity.

30

Example 3



substituted epitopes in.an 1FNi ELI SPOT assay using synt heti'c p ptides - (at

.50 ‘}rglm). The responses. were measured in 3 Coeliac di sease '3@9@ 6 -

. days- after. comencing gluten chall enge (4 slices bread dail y for 3~ days)

" Results-are shown in table 3 and Figure 8. As can be seen subpstitution of

- the gl utamate to histidine, tyrosine, tryptophan | ysine, proline.or. -

cargi niine sYP#2a8d a response whose nmgnitude was |ess t PET/GBNA3T60 e
“magni tude of the response to the |mmnodom nant epitope. Thus nutation of .

A-gliadin at thls _position coul d be used t‘o praduce .a nutant gliadin vvlth

reduce or. abgent" nor eact i VI ty. Exanpl e 3 V\D 01/ 25793 PCT/ GB00/ 03760

- -38 Testing the 1rmune ) equyalentpephde SEher maty QEERITIDS yral |y -

.occurring nl B i:ns The inl nunor eact|V| ty of equival ent peptl de_s formother . -

. natural l'y octurTTng wheat gliadins was-assessed using.synthetic pepti des -

. corresponding to tthelmﬁtmmhttw;rymfceqmmgtmueom otifdr clatisEieoddiging r eat ed
Wwi.th transgl utam nase. These pepti.dées were tested in anELISPOT.in the sane
" manner and’ mvbhatmw@swaéﬁeeh@dsom sypibpéepeptass eRESPOREDS tmthmwpqlbf 2. At

I east flve of the d Cth arable to t
" A-gliadin 57‘?‘3!5“1‘:3%‘?5?’p n%§“?“‘$ntv¥g?ﬂet r%rtlnseaﬁﬁ %@Tﬁ%ﬁﬂaﬁ% Fﬁaﬁ’%d&f. ng
that ot her gwe?éite&e@ﬁptﬂnsyot WiEakadé maat&%dlmﬂﬁtm ﬁdiﬂmatdu s-
- Coel i ac. disease-specific¢ i mune response (Table 4 and Figure 9). Methods

- Subj ect s: .Pasutgetisasdrecritad in Feapplek At leastidioe of tigopsiptides %Olﬂm c.in Oford,
.United Kingdom Coeliac diseas di,agn e of . typical srmal |
_intestinal t ?rSWVItXﬁSWS?%V%EBT 16‘6%1 %t?f %Pp:‘%g t&f?o(sagﬁral | intestinal
hi st ol ogy wi {rgn% aséﬁeaemdm?tndm{tngw SR Nkin Froiue id WREAGr MBS0 :
. perfornmed using extracted from EDTA-' “anticoagul at ed peri pheral bl ood-
- HLA- DQAGand EKByg@nxduyqothmgCoﬂmc;ﬁ@eﬁwspecﬁﬁbymﬁmemwngs@(é‘qhbmdsfpgmef ic -
- primer m-xes., Anti-endonysial antibody assay: EMA were detected by - o

indirect |nﬁhnofluorescence u5|ng patlent seruntdlluted 1:5- with nonkey
oesophagus

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

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

free diet..

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

PCR using sequence-spemf iC prmer rmxes

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

25 followed by FITC conjugated goat anti-human IgA. IgA was quantttated prior to
EMA, pone of the sub}ects were IgA defiolent

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

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



“ followed by FI TG conjugated goat anti-human | gA -1gA was quantjtated prior
~to EMA, none of the subjects were |IgA deficient. Antigen Chal 1%’%@3.20%@ i ac
. di sease subjects following a gluten free diet, consumed 4 slices of =
gl uten- c,g,r&t(ﬁjz%gg bread (50g/slice, Sainsbury's "standar gdewaighgesgndw ch
bread") daily Tor 3 or 10 days. EMA was assessed-the week- before and up to -
two nonths after commencing the bread ghal | enge. Heal thy subjects who had -
~followed a 1 April 2004 WO 01125793 PCT/ GB00103760 -39 gluten free diet for-
four weeks . fONRUITRS fhedu: iskakottueled il WdhIMefigtLaBb @SSk of

gl ut en- confal Ai ng bread for three days, then returned To gluten free diet"

for a. furtBefesstontalaing breadfdk thagedialt, therl refinl SROBIutBBE diet for pfegared from -
50-100 nl of venous bl ood by Ficoll-Hypaque density centrifugation. After.
three washe daPBMC were resuspendéd in conpl et e RPM containing 10% heat

i nactivated human AB serum ELI SPOT assays for single cell secretion of

| FNL and I'L-14 were perforned using comercial kits (Mabtech; Stockholm . _
Swedery W NG SndveL1 0 RISPOTMVABME 4kie drepdrediro, SBEMS mi of velbys bosdr ding to
t he manufacturers instructions (as described elsewhere' ) wth 2-5x105 ‘
(]FN?) or @yfémliﬁSPMEﬁEWWPBWfPEﬁUQECH*f%'{rblf,‘?e‘F‘@é‘ﬁfsg’@g‘d Y& assessed in

duplicate wells - .and M/cobactRrd - her gai0s] Ll pr ' :
“derivative rﬁgﬁﬁfnﬂ?@iﬁ’) %@?@Ws%ﬁ%#g? l%p}g% %ga@wak%etﬁl?r‘ﬁaglé@ ?%rgm\/g/ M) was

| ncl uded -aSELQSPQTiési%@ £6QMdlOkell fecakibn 85 FaVEand TP Welegerfoyméchetig pept i des
wer e purchased from Research Genetics (Huntsville, Al ab

Mass- spect rapsmosyyiablith (Nﬁ_b@?%‘ﬁiopklédmpﬁwﬂmgithaﬂﬁW@hPia&Sta(lgﬁ’)éﬁtﬁ‘g-:m% purity.
Di tic f.gliadin (S . 337 100 ‘W -a- . in '
(s okt 0 Veulpgreiagetrd BRY wRrApEy dhoip Bl MibRaBacQUARIIIBE ",

- NHAHCOB wi t S&Mefwﬁ@it@acsx\ms(map@mmms (B410) IBMsatcagigwtid. D8fideor 10

‘mnutes. After centrifugation (13.000g, 10 mnutes), the gljadin digest
super nat antwavaassesdet en duglicats Weliseend Mlygohemerium tyberevlgsis Q‘Pﬂé?q_ RGP was B
verified by SDS-PACE and pratein. concentration asse /Ty S
Chynot r ypsi-Wﬁ?ﬁ&%@%&ﬁ%@@ﬁ%@@nﬁﬁfﬁ??&ﬁﬁﬁmg/er?tm %ﬁf@o_pg{:?%&iaﬁ pept i des .
(15-nmers: éﬁgluhbcgéls’q o onBB8Phiall@Rsay?- 1 ™) were individually treated
-Wi.th tTG-(SIgma;: -5%98 (50-pg/M)-in-PB S+ CdCl2 1 mMfor 2 h at: 37C.

Pepti dgs and peptide pools were aliquotted into sterile 96-wel.l plates and
stored o ' s - ' ' - .

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

frozen at -20°C until use.

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

identified and subjected to amino acid sequencing (automated sequencer Model



.f_'f—r.ez'eﬁ.‘me"tl '-'20'C Unti I use. Anmi ho aci d sequenC| ng of - pept| des Reverse hase

~ HPLC was used to purify the peptide resulting fromtTG treat neneril
~A-gliadin 56-75. A single product was identified and. subjected to am I’]O'

=40 494A, Bi osystems, Foster City, California). Th o
~unnodi fi ed%%g)éeg% was confirnmed. as: LQ_QDFPQDQ_PYPQDQSFP %:nﬁﬁ!éziégﬁgeat ed |

- H6-75 was i-dentified as: LQLQPFPQPELPYPQPQSFP . Deam dation of. gl utamyl
‘resi dues was defined as the anmount (pnolj~of gl ut amat e .recover ed expressed -

1 ayeles s ot bl RIS, AR D Can R R e e RSO o

- Deam dat i on ¢ herh& eIsTQQ‘[]‘_’ng @%FIYP ”E'I%ﬁr
~glutamne.i n@%ﬁgs%%?r eat ed pepti ~9% deam Q2 Q[(gl oh In-t eéaqﬂhn?rgégtsed

" peptide) / (WaOidenifietbmnl QAQRRPORELHYPQPQSER! Deapaiticde) ghutG¢l GhRmand HLA

- Class Il Restriction: Anti-CD4 or anti-CD8 coated nmagnetic beads (Dynal, .
Osl 0, NorwayYauesiEeqas Heraan: Rmeiel ghtamatpacoysiehexnsessermhisyPeraertiot PBMC i n

conpl et & RPM,c00bAIc 84006 16Ak AR ANALEE RUIARAB LT o (1308,

.cells/ for mn re reroved usi g
~cell's remai nigag] TsAtht elinol i/ eqoerdiny czbeeﬁdaué@e&ﬂm%um oG @&edéfmzane

-response to tTG treated Afgl i adin 56-75 was established by incubating PBMC |

" (5x106 cel | sasrif4 deagpidpiiom Jﬁmm(&hez@ treatp pentEy - Ya AepmibpigBinthe 1)

The aoarti onrespasrRatd ! AARL R RislBE RSPRS00 by of i u

-specific perlpheral bl ood Iynphocytes I nteracti on bet ween endot hel i al and
lynphocyte adressins.facilitates homing of organ-specific | yrmphocyt es-
Many alid essiGB44r8 hndm‘AfﬂessrﬁlﬂeetrwlmrAamwft preantis@O8 ichated fragnbton na-

Pt optt hetEdl ORATIRAY R e ¥ “°C¥tc§fmr%%$’qa%w&pw HReR g of
perpheral blopd pBRAC I EsthpIS1eRINIE 8Sarihing o@nﬂeﬁneaca(zesalﬁeﬂaﬁ%sb éaug transit

to a mucosal- site, while 5% of perpheral Iood T cel express’a
I m"runomagnet(Suszlo6 daﬂﬂdﬂ)fooaﬂadn\ms bn &zt iBrady wepaembeed eingEmagnetéad depl et e

PBMC of cel | s_expressi r- and_a4J37, respectivel :
1n: Conbl nat i GHs \y\;pr{x%néglcgblbtpg xg 0 %ﬂ%—class I1 restriction of thgei‘mmune rgsponse to

15 tTG-treated A-ohadln 56-75 was established by incubating PBMC (5x106 cells/ml)

W1th antl—I—]LA-DR (L'?43), —DQ (LZ), and -DP (B7. 21) monoclonal antibodies (10

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

Ex gle 4

20 -Mucosal integrin exvressmn bV ﬂhadm ~sge01ﬁc penpheral blood lvmphocy_te
~ Interaction between endothehal and Iymphocyte adressms famhtates hommor

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

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

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

Cons

--aci d sequenci ng (autonated sequencer Mdel 1 April 2004 .- . PCT/ GBOQ 03760 - -



immunonagnetic bead depl etion allows determ nation of gliadin-speci f| cT
cell. addressin expression that may identify these cells as ho PI" 2l°94a
-mucosal surface. 1 April 2004 WO 01/25793 PCT/ GB00/ 03760 -41 '
| nt er estyyoaiigs7ogl ut en chal lenge in vivo is associated wi PEI/EEHEETENT | uX of
 CD4.Tcells tothe small intestinal lamna propria (not intra-epithelial
sites), where over 90% |ynphocytes express aaP,. |nmmunonmagnetic beads were
prepared and used to deplete PBMC from coeliac subjects on day 6 or 7
af t er- commeedstgels, gatenghaiiege mhahrbmsom&&ﬁ@uhmqhymfhmdﬁlﬁﬁﬁ'ﬁ‘rcaned as
beads depl eted approximately 50% of paositive CD4' T cells, while 0. 1 beads -
“depl et ed d@plthers mtqswldmm? PERRHa nOtDB{5H- é@lmshaloﬂﬁeﬁlswbe@Wﬁ@%‘}m

. p7-beads, but not CD8- - beads, abolished responses.in the |nterferon ,
ganma. ELI! S%POCW$§X@TQS§GF$ and PPD responses were abol i shed by CD4

depl eti on, but depl eti on,
Thus A-gliadin %%H%%%%fglg %Pee% I%X'ﬁ S | n uce%éb%%gj?ﬁﬂ?ﬁtggln chal | enge

i n cosl i aceqdiiseabfectrd €85 brhbaﬁterﬂtce@mencmgépﬁjy g}bltas&mnlemg,\: IFoEHa propria
"CD4 Tcells inthe small intestine. Exanple 5 Optimal T cell Epitope Length

- Previous datatysisedemangtrged tof Hessls ddeplsted approtimaety 50%cofchositive IKEHGT lkelipanni ng
the core of the dominant T cell epitope in A-gliadin_.indicated that the

“17mer, A- givhilelPnbeagy dedeteiel By perieeaCRA] ells. Paglstion elsPBMG vang 6Dér f er on |
gamma El i spot usin er.i pheral ood no clear cells MC) from coeliac
vol unt eer sowPpd g’PEE‘?t Q%rﬁ%@th a?bSPﬁﬁgrﬁﬁpﬁPsé’ﬁ’%ﬁﬁl‘ﬁgﬁ‘%ﬁr@ gpgxﬁqq des - o

representi exp cell .
epi tope | nERSHF ﬁ%@gﬁ%ﬂﬁ%%@%lé?ea%ﬁ’&?wﬁ?@% e COF R R

peri pher al wggm rmg@@ugge@ec@@gﬂe%ﬂc%w@)jeﬁm@ﬁ .coeliac vol unt eers in 6
days .after conmmencin l'uten chal ' enge (n=4). Peptide 13:
 A-gliadin 59-71Toms5¢ @meﬂ"'f" SisgecifigT cglis ipdueggdiey Qgﬁérﬁﬁﬂlengempeptl de
27 52-78 QE6S (27ner). own.in E ure 11 ex ansmn% té,he A-gliadin
57 73 QLos SeRTaeReE RS WU SRR Cubn BHFY BRARE IR BINES H Ehe
| FNgamma ELi spot quent Exanples characterise the agoni st and '

%9‘? é‘d&'ﬁee

ant agoni st %Hltn A—gl iadin 57- 73 Q565 usi ng 17nmer pepti des.

15 Ex ple s
L Optunachell EmtoneLength

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

30 peptides.



1 Apr|I 2004 -. WO Di 125793 =-42- . PCT/ GB00/ 03760 Exarr’pl e 6 Corrparl son of
A-sliadin 57-73 QE65 with other DO2-restricted T cell epitopes! April 2088 ac
.di sease ‘Dose, response studi es were performed usi ng peptides correspondrng
.to unnodified and transgl utam nase-treated peptides corresponding to T e
. cell. epi topesufeeh% gluten-specific T-cell clones and |ines PCTiGBEOINES)I nal.

. bi'opsi es of. coeliac subjects. Responses.jxa peptides were expressed as
percent of response to A-gliadin 5. 7-73 QE65. Al subj ect's' were” HLA- DQ2+ -
‘(none were. DgBkydRe studies indicate that A-gliadin 57-73 QE65 is the. nost
 potent gli ad’n—pg@‘t‘l de for: |nduct|on of interferon gamm in the ELI Spot .
assay usi ng CoebirsonkRB callee '

Tabl es 5 and. _6! The second and third .epitopes are suboptiml fragnents of
| arger -pepti digeas -gliadin 57-73 QEGS and GDA4_WHEAT P04724-84-100

- QE92. The epitop 01-as .
~active as A-gli aceiDb&"s%g;ﬂ?%l %g%%&é Ssméggés} rac{mﬁw‘kﬁ% adin 57- 73
- QE65 i sghor eyppddfied sﬁtaﬁa@gtmﬁmiﬁaw&eafedqﬁbhd&mo&&mdiﬂg z@qe.teluaecpnd &agFse.
There are. 16 poly g@}‘g‘hl snms of A gliadin 57-73 (including the sequence

~ PQLPY) “anongsiuteseq eél"dceéll qlmﬁsmngén@ﬁom insestin| biapsiesefigpeliar aibjrstss ed next.

- ‘Exanpl e 7 Co f d d 57-73
'regggnges i nﬁgsé’rc’l son? ﬁFPtfﬂzeéés"&fer?f%’%%é Efsﬁ?\?}éc%ﬁ ?rglftrre?l:fﬂ?ts? nﬁmg‘ﬁ eﬁdﬁm nant -
epi tope, A- ghigdi RiiaibiaisQREE HILADAR b @bre DO, T €sponse to gliadia in.

.coeliac disease is a critical issue. Pepsin-trypsin and A
‘chynot rypsi n- di geShestugies mﬂlmtmﬁnueA@edmtSﬁ'aIﬂ QEéﬁm thy mestpbtes gmaﬂmgen for .

~devel opmrent of ell lines and clones.in co c di sease. |

e DR apene ¥ ipiARE L S sron ReRE 1k L PE LRSS P ATt PEME pbs. S

| ndeed, - chy a gthe =

ety CrRaRE BrlofES Lol 100 a0k A0 gﬁsgﬁét?ﬁaﬂiﬁﬁﬁfﬁéﬁsequeme

- QLQPFPQPEL PYEKRpE: ﬁ:eeeb@hmwze)fragﬁream&@ Ilaﬂgarpepﬁm-lter Aaglidint SE0b QBG5S tandl | y

~increases the_potency of chynotrypsin-digested gliadin in poliferation
assays of GDA4_ AT PO47\é4 84- f/&) QE92. ﬂl& ep;tope 1S only modestg( bloactwe -

(approxunately 1/20™ as active as A—ahadm 57-73 QE65 after blank is subslracted)

15 A-Ohadm 57-73 QE6S is more potent than other known T cell epitopes in
“coeliac dlsease There are 16 polymorphxsms of A-gliadin 57- 73 (mcludmg the
sequence PQLPY) amongst sequenced gliadin genes their bloactlwty is assessed

" next.

. 20 ‘;Examgle 7 | ) _
. Comparison of gliadin- and A-eliadin 57-73 QESS-sﬁeciﬁc resbonsesir_l peripheral : J

blood

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

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



1 April 2004 WO 01/25793 _43_ PCT/ GB00103760 gl i adi n-specific T cell closes
and 1 i nes. Hence, trans gl utam nase-treated chynotrypsin-di ge%f‘%’d QQPfiadi n
(tTG gliadin) may not be an ideal antigen, but responses against this
m.xture y,lﬁg,Pg oximate the "total" nunber of peripheralprchtpabsbgonphocyte
- specific'tor gliadin Conparison of regponses against A-gliadin 57-73 QE65

and tTG gliadin in the ELI.Spot assay gives an indication of the C

‘cont ri but i@yl bhks TIQN RS 28PTAAP $ich6e, tABsAUBh Blake-treFtbde T esponse to
gliadin i coelpl ac di sease, and al so be a neasure of epitope spreading.
PBMC col | ebyedtropsicdicesied gligdin{tTér gleaimyerayi nog by kuideal attigeh.dnuge in 4
coeliac subjects were assessed in dose. response §tud£es usi.

~ chynot r ypSFPoase§@saiash thig|mxsirs may apprpeinaiehe il avg ?&Fﬁﬁ?&%‘% th ELI Spot .

responses .0 ' -at:1 0 - gl e adi 2 dadnSPEORY; meg/m) .

. TTG treat nbé%?ﬂaféfnop%#%F%&Eewn%g%%”Z“Bﬁpgkﬁ{’??g%c?ﬁiﬁégﬁ‘sﬁz? gl pz‘(élt%é |
appr oxi mat ¢1.y3 Hsk ahdlt TG Efadiasn drAIALadlassay @ivtes anknditmionadgessed al one)

(see Figure 13a-c).- In the four coeliac subjects studied, A-gliadin 57-73

QE65 (25 nugitmiuioslof 81 deminaBRPieRE aE ReAll IAMERGIIEIRSSs theldini + TG

gliadin (500.mcg/ M), and the greater. the r mse to A- gliadin 57-73 QEGS
the gr eat‘e?oef:}fl‘bg’é?atsgoaﬁ%i Orbgpar %ag’ﬁ{eeog eé?g&ehsgt?%’gl i adi n response. :
Rel atively |'im ppfidadifecddaeRl sdiatafidr Bdrhadhdinddlued REnge @sponses are

conparable to t TG gliadin in some subjects. Epitope spreadi ng associ ated
wiith nore cesfiat swjecisveregisseastidrin TosmielponssFadiseusipgyaApphn-digastadhe

smal | er contrj buti of Agliadin 5773 to "total.” l,.adi,n responses
in péd phegh?d%fg)‘dﬁait?%% o ﬁ%fPW&%&’F%EE%?%%S “RY%T g%?i[?(g tlrnrraaly be

‘mai ntai ned@&ekﬁﬂ}o}ﬁ' UabBadth Sh. RSB 0E e, DIGHRBmidES dliais. - Exanple
8 Definition of gliradin"peptides bioactiv.e 1n coeliac disease: ' -

“pol ynor phi sfitanoéd PBM] ieaptinsesin-ti@ELSpot spppoxrigatelnit-fold (iliGress spanni ng t he

R SETEE SN IR - ARRIC SR AL
Telatea al HECar PR e e R R B e Py
gliadif gengs 1nspandees TG elirdihi(sad hyg/adpnaditegrptatte: respatsatdbases, Swiss.
Pr Ot- o -rgliadin 57-73 QE65 the greater prdportidnr it represented of the tTG gliadin response. |

. Relatively iimitéd data suggest that A—gliadinl57-73 Q.E6‘5 responses afe
cémpa:ablé 0 TG gliadin fo 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 QE65-to "total” gliadin reSpoﬁses u1 Qeriphera.l blood in'some
' individuals. Epitope spreading may be maintain_ga in individuals with less strictly

gluten free diets.

Example 8

25 Definition of gliadin peptides bioactive in coeliac disease: polymorphisms of A~

gliadin 57-73
Overlapping 15mer peptides spaﬁnihg the complete sequence of A-gliadin

were assessed in order to identify the immunodominant sequence in coeliac disease.
| - A-gliadin was the first fully sequenced alpha gliadin protein and gene, but is one of
30 approximafely 30-50 related alpha gliadin proteins in wheat. Twenty five distinct

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



-1 April 2004 WO 01/ 25793 PCT/ GSCD/ 03760 -44 and TRENBL descrl bing . a furt her T
8 al pha-gliadins. -Contained within these 25 al pha-gli adins, "(ﬁg‘?@ 09fe 16 -

di stinct pol ynorphisms of the sequence corresponding to-A-gliadin 57-73" .

(see Table 7). Synthetic peptldes corresponding to these 16 polyrmr ph| sms

.in an - un ;form .after treatnment with trans glutanmi

el | as V\'Am? Oﬁgﬁﬁt amate substituted 'at, position 10 (equi vgﬁ%&‘[ﬂg%w 65 |n

- A-gliadin-57- 73) were .assessed usi ng Igﬁl\/[: from coeliac subj.ects, nornal I y

B A o

conpar ed afflé ,ggnafe?é %tlkﬁ%%nétgpéﬁ%m&?h%ﬁg o%%)e Gérmelsorr BREinkigd

_.peptlde an ufam nase-treat es were ssessed t 25 m:g/m
only. Bioacil ;laamsiva% @xplasledyl as % of ' response assom ated wi-th A-gliadin
.57-73 QE65 mcg/m I n-i-ndi vi dual subjects (n=4). (See Fig 14).

Bi oactivity of " Syt o ReptidSIIIEEROs wasroehﬂggtléﬁeﬁyaﬂtqrsblt%rl%a%ed (>5-fol d)

' by “treat ment th.tran u ns t. a nt of . .
widt9pe pustedues et ARl A fnd bR AT SRR SRR O

peptides s L%ﬁiat&at@ Sfhsibubdi 4 gutlﬁame (@hw@tbﬁt td QB64 & ARlRAGIINMT)ivegeof five

--glutamat e-substituted pepti : ; were. >70% that of A-gliadin

57-73 QE65 (sééssed)ustmngBM@\é@msqxghM mbamtst ;zomﬂé/ followingacgliiea freh dietA- gI i adi n
57-73 QE65. : PBMC responses uta -substit e S, at -
“concentrat i ‘éﬂf{s‘s@)‘f Qégfrg g0 583le E’ NoAaE ELF%OE gssﬁ%;’@ugp%

- nmeg/m SIX I H, 25 and 25 WEr e
. <1 5% as b o3 H{L‘?éﬁgﬁ%gﬁ%b@{n:etacgéﬁgrgg a%%%e%g@@éﬁa&aﬁgfs (geptz | (?gsgme]rjlec%/mﬁ)

i-nt er gedi at @m@dtﬂed)pe;tttdel atnyl traﬂsghhtamstasetmatgﬂ pegtides derd ase@sg!eqetzlsdes are

-equivalent in potency_to A-gliadin 57-73 65 after npdficatio
transgl ut aningEsd O%I%ﬂa%‘flg"ﬁﬁrf*xm@%ﬁsv@ %P%FWF?FF}Q% Ag@l”é%‘fn 57- 73

. al so exist a _ di fication of

pepti des fr%‘ggg%&z VEr aﬁamhg/gdl ﬁ@l{)‘g@# ‘{89‘{&3%&@ F@' n? §I5p uartu and T.
spelta may be CaB@cMcﬁvﬁff ofBibd-BipkhPeprides wassuRdatilhantreaseddebfoldpbyope in .
coel i ac -di sease. * Genetic -nodification of wheat to generate

- non- coel i acueamieot wibarnsgutminess: Tegiglvamingyp ygrment <?ﬁiﬂ1114-ﬂfpétﬁeaﬁd?§f
ltiplLe gliad,] i | th
oo Srt e SR R b R it

at Posmon 10. Bioactivities of five 01utamate-subsumted peptldes B,CK,L, M)

- were >7 0% that of A—ghadm 57-73 QE65 (A) but none was significantly more |
bloactlve than A-ohadm 57-73 QE65 PBMC responses to glutamate-subsntuted
. pepndes at concentranons of 2.5 and 250 mcg/ml were comparable to those at 25 -
' 20 'mcg/ml S1x glutamate subsututed gliadin peptldes (H 7, N 0, P) were <15% as
| bloactwe as A.-Ghadm 5773 QE65 Other peptides were intermediate mbmactwuy
At least sIx crhadm-denved peptides are equwalent in potency to A-gliadin .
- 57- 73 QEGS after modfication by transglutammase Relatively non-bxoactlve '
polymorpblsms of A-gliadin 57—73 also exist. These data mdicate that
_. 25 transglutammase modification of pepudes from several ghadms of Tricetum
. | aestwum T uartu and T. spelta may be capable of generatmg the. unmunodommant
_ T ceu ep1tope n coehac disease. - | ‘
Genetlc modification of wheat to generate non-coehac~toxxc wheat is hkely
require removal or modification of multlple ghadm geneS- Generanon of wheat
30 contammg gliadins or other protems or pept;des mcorporatmg sequences defining

altered peptide ligand antagomsts of A-chadm 57-73 15 an altemahve strateoy to



“altered peptide ligand antagonists of A-gliadin 57-73 is an alt rnat| ve
"strategy to 1 April 2004 WO 01/25793 - PCT/ GB00103760 -45 gen Bl 200
. genetically nodified wheat that is therapeutic rather than “non-toxic" in
coel i ac Exanple 9 Definition of Core Eito a Se 'l?}?turﬂ arison
-of pepti $e§ l?‘c')rrespondl ng to truncations of A-gliadin 56% 0109% he N- .
and C-terminal indicated that the coré>sequence of the T cell epitope is
PELPY (A-gliadin 64--68). Attenpts to define non-agonists and. ant agoni sts-
<wi |1 f ocgsneoaie gendtigeilsmotifiad giheaidbat is tbatapam@: wthgs than (rardtogic” iesi dues t hat
substanti aII)i contrl bute.to its bioactivity. . Peptides corresponding to -
A-gliadin S9lASAISBEES Wit h al ani ne (Figure 15). or |lysine (Figure 16) . -
substituted for residues 57 to 73 were conpared in the I'FN ganma - ELI SPOT ..~
usng peri pheral bl ood nononucl ear cells - (PBMC). from coeliac volunteers 6
days after pompmegi ng a 3-day gluten challenge (n=8). {BL is blank, Eis A"
gliadin 57-73 q565 Q QDFPQDE%PYPQDQS It was found that residues )
corres‘-’pondl Aef1RIBOMD FRHCRES (PFPQPELPYPQ contribute
substantially t : o 9.5 r of
A-gliadin. 57-7 @%‘5‘9 g@éup%ﬁh%%ﬁ Bgiélfﬁglggé’é%‘(?@%f ar’e%@ﬁ&%ﬁ%‘ga
2-step proc@dW-and Riekinilal diched tha diercobd seqdedd @b trlibadli dpitbopelisat  posi tl ons
6070" using 10 different am noacids with contrasting properties are '
‘assessed. /R&@%Wghgdlaéﬁ—@ﬁ Altgrpiade Aefire qop-agogistsaad 2aREAss Walt i t ut ed

wth all other nat ur al r C at p05|t|ons-'

,t hat prove arE SRR \?gAt -l %Ltfnage g‘frgsg%?edaérize&a%gglsegl}ﬁ?%aﬁg econd round.
Exanp] @ 10 confar ttitsdiddciitity, of ‘substituted variants of A-gliadin 57-73

QE65 A-gli adl n 60-70 QE65 is the core sequence of the dom nant T cell

epitope in A gIBe@ddﬁs conssRegginiege Aa.%idadmﬁﬁg&ﬁﬁs"tmﬁbﬁéwa@@lﬁﬁﬁéﬁl@r of this

T ST A SRR B e BT

different w&aogh%gﬁmwc@%mua@%u& eBECRSISRAEerks N- .the.
| FNgama. EL usi i MC from coeliac WO 01/ 257 3 PCTI °GR00/ 03760 -

-6 days after commencing a 3-day gluten challenge (n—8) [BLis blank, Eis A.-
- 15 Ulladm 57-73 QES65: QLQPFPQPELPYPQPQS 1.

It was found that residues correspondmg to A—Ohadm 60- 70 QE65

"~ (PFPQPELPYPQ) contribute substannally to the bioactivity m__A-ghadm 57-73
QE6S. Variants of A-gliadin 57-73 QESS substituted at positions 60-70 arc assessed -
in a 2-step proceduré. Initially, A-gliadin \57—73. QES65 substituted at positions 60-70 -
20 using 10 different aminoacids with contrasting properties are assessed. A second | ‘
group of A-gliadin 57-73 QE6S variants (substituted with all other naturally
‘occurrning aminoacids except cj(steine at positions that prove are sensitive to

modification) are assessed in a second round. -

25  Examplel0 .
| Agonist activity of substituted variants of A-liadin 57-73 OS5

A-gliadin 60-70 QEGS 1s the core sequence of the dommant T cell epitope in
A-gliadin. Antagomst and non—aoomst peptxde variants of this epitope are most
hkely generated by modzﬁcaﬂon of this core sequ:nce_ Imtlally, A-gliadin 57-73
30 QE65 substituted at positions 60-70 using 10 different aminoacids with contrasting

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



- -46-- subj ects 6 days after start| ng 3 day gI uten chaI I enge A second roup
of A-gliadin 57-73 QE65 variants (substituted with all- other rf%tt"ﬁ?gp _
~occurring am.noaci ds except -cysteine) at positions 61-70 were also <.
‘assessed. Both groups of peptides (all at 50 ncg/m, in duplicate) were -
assessed U¥DA2PBRC from 8 subj ects:-and conpared to t he. un®earGBON3 IOt | de
- {20 replicates per assay) Previous studies ‘indicate that the optimal :
concentration for A-gliadin 57-73 QE65 in this assay i s between 10-and 100
_mcg/ml. Resuktlgeats é deyyafes sedins3 depgiutcashaifggel A sebtd foapbnd-anls ( 95%
confidence mterval%a as % A-G 57-73 (QE65 nmean response in each indivi dual .
Unpai red t ~{e3tQE Yauags (siahsitutes ‘é’éﬁh’ﬁl@\ﬁé&%m@ﬂﬁ}’ chlslplogaeencn}afctdmdl fied

e  cop et SRl R e R SR NSl o B R T Peten B ©
p<0.01; part agbo aegmlsﬁm?ﬁcttaywae asfesATRARIBME Fock 'séﬂgéc&ﬁ& 73 (F65 at

a.level of S|gn|f|cance and non- "agoni sts as bel ng not .
si gni fi Gant | yordpmeétceﬁw U@mdf@ﬁ)pephémmlrapﬁm(dsméf asay)i Pheousduspepdiede) .

Peptides wit oni sf,acti.vi 30% or |es of A- I Ladin 57-73 QE65
were consi def‘%@% %r&pttggpgumﬁ;%/qchtptta&pn n“’s‘ 'G%Ps?sﬁ@ Qayeidus gsepy is
~antagoni sti €patleby 16 ¥nd $68mEalhe 8 and Fi gur es 17-27). The | FNgamma ELI SPOT

“response of PBMC to A-gliadifi 5773 QE65 is "highly speci f| c at" a nol ecular

| evel ;--Proline at Rpmﬂtstar@ex;ﬁéssé@ﬁﬂmeaxgteuﬁmahﬂsp%t fmikeEdbls (9594 | euci ne at
',pOSItIOI’I '66 (L66), and tg a | esser. extent B3, P67, Y68 and P69 are . . '
. particul ar | yteEilenss pEery )?ﬁ)ét‘ﬁ(%éﬁ érQEﬁﬁrme@aegtqnﬁwmaﬁhmﬂmdaaid Y70 bot h

' 4 ZXol t ‘
pept 480 pr OB EBRSE RS R b R e POl R PR bohis
"HLA nol ecul ewithnaHE$-83% QEGS! méﬁmmeﬂatdehxedﬁwae attERbfihRe 2 K

positions | and 9. Eighteen non- a?onl st peptides were i dentified. :
Bi oacti vi ti ethasfA-Lh-YaliEsAtas 2 (oG @ﬁ:ﬂgmyancpeﬁpm KB Aartied Bonists ¥6having

et VY PR 1B SRS Tk bt CF e B ol B ot
~ 57-73 QE65. I@@M@ﬁo@lﬁﬁﬁé&nﬁy%&&nﬂ@% @?jfrap %hg@t%@&%% hocyt e_~ .

(PBL) T cell Tesponse to the dominant epit 5, 1is

- consi sflént | ypempeb dRapiideswith mgonyst actility Bm-brct@elthaaofa@tadﬁiﬁ 7R0(EG5s  hi-ghl y

.specific to a restricteqd nuppgr of 1 April. 2004 WO 01/ 25793 PCT/GEOO’03760
S ~ were considered "suita parttal or nou-agomsts to assess for antagomstlc act1v1ty

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

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



- -47- amnoacids in the core 7 am noacids. Certain single-arni qgfci 9
~variants of A-gliadin 57-73 QE65 are consistently non-agoni st’ Rrih <894

- HLA- DQ2+ coeliac subjects. Exanple 11 Antagonist activity of substituted
variants h('ea@gogeneity of the PBL T cell response to Apgticadbfsey- 73 QE65

in BLA- B2REE i ac di sease suggests. that altered. peptide li.gands (APL)

capabl e of antagonismin PBMC ex vi vo"Wa‘y exi st, even though the PBL T cell

response is- likely to be poly- aqr oligo-clqgnal. APL antagonists are

general | y waiiosgigdH @F§?feﬁo¥fﬁ’§m§‘é%né§€%§l%§5‘ﬁi“r%ﬁ d’-@ﬁf‘)@t"?ﬁﬂ%@(ﬂl%ar-i ant s

of A-gliadi Tsr 1.5 ' ACH ki At Y%Qr: ave been

i dentified 5233 %FZGZS %??gﬁt%ﬁganﬁﬁ%%gbég £ KA ba%?? a%g%?ésﬁf“?h addi ti on,
certain weakly bioactive naturally occurring pol ynorphisnms - of A-gliadin
57-73 QE65 have al so been identified (see below). and may be "naturally.
occurring" BRimdefdgonists. It has al so been suggested that conpetition
for.binding MHC may al.so antadgoni.se_.anti gen-specific T cell immune. Hence, ‘
non- gl ? adi nALREMUFTREHVING I, SUGSIRIGE ValMIR e | FNgamma: r esponses in coel i ac PBMC-

~after ‘gluten chagl.eRaR BT &PEINT defl rbipBselto AHhudXBT7T8YQRES @apabl e of-
reducing T cell " responses. elicited by A-gliadin 57-73 65. Two peptides
that bind auidl-pQre coklec ddERseasupgesty thatdlteswl pepadetégands (A1) caayble of

- ( PRAPW EQEGPEYW . and _t hyr.oi d. per oxi dase (tp):632-645 |, DVW GGLL AENFLPY) .
Si nul t aneoaNtaEQ@ISE B B&‘fi&ﬁéﬁt“fp%aY 585% Fﬁfﬁ}:‘ ‘gﬁ)’“gg‘t}%? éﬁﬁﬁnéau,&-eﬁqqnﬁﬁpn- 57-73
© QE65 (109/ niy) 0N d FENea EL I ' BMes 66 Wakk ¥Rt eers 6
‘days after 1kl Bntlgi n ??ggg&-éﬁgn%giﬂfgnge 5(I'r%:c’gi)m.‘\rﬂgesuI ts were expressed
as I £5PONSEifisetennsiidie deiguhacid-sabGithizd 731 QECH Agbatin6f-BURESTwiths) as %o
response with buffer plus A-G 57-73 CQE6S. an of 2Q repli.cates), ..(See .
Tabl e 9) . Fegoniss pEYIE 4% Wd&ﬁihfyghﬁwﬁfft}kf(@ge aeé;?{eéﬁt‘gﬂ‘ésﬁg%{%ﬁ%‘fsaﬁﬁ?%7-.73 o
- QE65 reduce_ _.the.|nterfe : SR : iadihn 57-73 ..
Gees (peo. one B R A R e uce the
ELI SPOT res QPR%adiB)MbH QE6HhaA4layiskeR4d4n(ifisd (38 DEpw) Trbmby be DGRurhilyder, A

“thyroi d peroxidase (tp) 63 2-645Y reduces PBMC i nterferaon. responses
to A gliadi ncdvrng) AE6antagonists ok Rpsdsobrensugassted fHzat B?fﬁé“r’m}qg&{%d’ﬁﬂnder,

HLA class | 5,46 60, 088 0RRE adidRl b0 M Qubh 2SO, (IL GBARA 03760 -48

peptides that do not induce IFNgamma :éspdnses in coeliac ?BMC after gluten

challenge bﬁt are known to bind to HLA-DQ2 niay }ﬁe capable of ‘reduciﬁg T cell
: responses_elicited'by A-gliadin 57.73 QESS. Two pept'idcs' that bmd avidly to HLA- v |
DQ2 are HLA class 1 o 46-60 (HLA 12) (PRA.PWIEQEGPEYW) and thyroid
20 peroxidase (tp)632-645Y (IDVWLGGLLAENFLPY). B
- Simultaneous addition of peptide (S0pg/ml) or buffer and A-gliadin 57-73
QESS5 (10pg/mb) in IFNgamma ELISPOT using PBMC from coeliac volunteers 6
days after comniencing 3 day gluten challenge (n=5). Results were ex;ﬁressed as
response with pefatide plﬁs A-G 57-73 QE65 (mean of duplicates) as % response with "
25 buffer plﬁs A-G 57-73 QE65 (mea.u'of 20 replicates). (See Table 9).
o ' Four single aminoacid-substituted variants of A-gliadin 57-73 QESS5 reduce
the interferon gmﬁa PBMC ELISPOT response to A-gliadin 57-73 QE6S5 (p<0.01)
by between 25% and 28%, 13 other peptide variants reduce the ELISPOT response
by between 18% and 24% (p<0.06). The HLA-DQ2 binder, thyroid peroxidase (tp)
30 632-645Y reduces PBMC interferon gamma responses to A-gliadin 57-73 QE65 by

31% (p<0.0001) but the other HLA-DQ2 binder, HLA class 1 a. 46-60, does not



-_"a'l ter r é.spon'ses (see Tabl e:'9;) ‘The pepti de correspondl ng to a@{\ Q
gl ut am nase- nodif ed pol ynor phi sm.of A-glaidin 57-73, Swi ssPr " 3@@%& on -
" no.: P04725 82-98 QE90 ( PQPQPFPPELPYPQPQS) reduces responses to A-gliadin -
‘57- 73 QE65 by 19% (p<0.009) (see Table 11). | nt.erferon ganma responses’ of '
~ PBMC to A-{ 57-73 QE65 in ELI SPOT assays are reduce o

. co-admnis Pa‘ﬁ&o{r})sof certain singl e-am noacid A-gliadin 57%@(}@@%7@ :
-variants, a pol'ynor phi sm of A-gliadjn 5-74»87-3 QE65, .and an unrel ated peptide -
known to-bind HLA-DQ@ in.five-fold excess.. These finding suggest that- ‘
‘altered pepilied@espbiRs (hed Tbig |5h§p@;§ud%cﬂtﬂ ndin% fo 4 3raREARaRida86- Not - only

. putative APL ant abonl sts but also certain pgf)étjjl des that bind HLA -

. -DQe- ef f ect i vmbgifred palymapphiso Qfé‘t'glatcbséaﬂéﬁml’mg¢qeaﬂ¢rrmf57pw2@%98 These '

findi ngs sup nterru t the T ce to the
doni nant A ‘ﬁggé E@%ﬁ%‘%@f&tﬁ%@fﬂa “8?§ ?@Esﬁltgéagféad“lg?%t&ﬁ% >t i on of
- APL ant agoni féu/s 0@0’5??&&“1%3!61 am noaci ds .at nore than one position - -
- (64-67) .for "traditional™ peptide. pharmaceuticals or for specific
genet i c5rmd| f| cat Inorfevbn gdunmdlrespgm‘eesaf PBMOQ ed A\ -gladid ER7DQHGS G ERISPOTt y

- HLA-DQ2 bi ndi ng. pept| des to conpetiti veI inhibit presenptation of __
A-gliadin 572S3s@EER IR ERP 2{ipR lemglemé%w% Siggorches |
maybe nut ual Qi r ng F61
B S e e e Sl P R .

-‘resul ted fromdwmw@mmmntfmekﬂbm&@ssr ataed findiadsugeadtang atteeant act -
with the T.cell receptor:- By conmbining these nodifications wth other

substituti onmmﬁaﬂlgg%%@lﬁ%%fe%@h?d@fﬁqea {5 apist. dﬂ@%&hplﬂ%‘fﬁ MHht

Soe Vil i tg”o'%?sﬁéﬁtasmﬁ Aer ik 8RS RE AB a@%&%ﬁ% r Ry

Devel oprment . c4f reksHngés 8T SaATR-BLhSpet  Usi ng PBMC and A—gl i adin 57- 73
CE65 -and P04724 4-100 92 as a diagnostic for.coeliac .di sease:
Def| nition of i mﬁﬁh@e fn@mg@ﬁsppnetmmmgmwbyutdnrqgnbs"édeltmpmme tazitlreease

dommant A-_,hadm epttope in HLA—DQ‘7+ coehac dlsease

1 Optumsatxon of APL antagonists by substttutmg ammoacxds at more than one.’
15 . : position (64 -67) for use as "traditional® pepttde pharmaceuttcals or for

spectﬁc genetic moduﬁcatton of ghadm genes in wheat

a3

Use of high afﬁmty HLA-DQZ bmdmg peptldes to compettttvely lnh.lblt
presentatton of A-gliadin 57-73 QE65 in association with HLA-DQ2,

20 These two approaches may be mut‘ually compattble Super—agonlsts were
generated by replacmg Fé6l and Q7O with tyrosme residues. Itis likely these
suPer-agomsts resulted from unproved buldmg to HLA—DQZ rather than
enhanced contact with the T cell receptor. By combining these modifications
with other substitutions that generate modestly effective APL antagonists

25 wht substanha.lly enhance the mh1b1tory effect of substituted A—gltadm 57-
73 QE65 variants.

30



- i nduction of respon5| veness to the dominant A-gliadin T cell epi tope in
.PBMC neasured in the interferon gamma ELI Spot fol l ows gl uten chapil@Red in
. alnost all D@+ coeliac subjects following a long termstrict gluten free
~diet: (GFD) but not in healthy D@+ subjects* after 4 we ng a
strict GFO.01A53liadin 57- 73 QE65 responses are not nea ‘g@&%ﬁ@% PBMC of
coeliac subjects before gluten chall engfe- and pil ot data have suggest ed
t hese responses could not be neasured in PBMC of untreated coeliacs. These

data suggestxabf}aé 12n coel i ac di sease inmmune-responsiveness to A-gliadin
57-73 QE65 Ts restored foll owi ng antigen exlus on f_a di agnostlc
test is to aay . pb mterfdromaamma ELISHok S8 Argdiogio 3%-73 OFfasi reabl e
to define the 4 Ny f Dre UI rseL(lj forecglsgés%npgmh&%ﬂeﬂnﬁ capabl e
of i nducin = 65 and-_ ot mer edu ive

gliadin pep}e%%%éﬁeﬂes@h@ﬁéiwxyl\ﬁa_ﬂnﬁséalceerrmﬁgiaaw+ coel i ac subJ ects were |
recruited f gastroenterol ogy outpatient service. PBMC were prepared
" and tested in i nixubienof regmnmiseEsy ©pbe dernpapsAtgirging ellfpiepsicconmenced
GFD, and at _one or two, weeks after co d Lon,. gluten
“‘chal | enge (EBH&%eeeeﬁ%mtﬁa%ﬂéﬁf?%%@mﬁ%%ﬁéﬁ%‘ﬁ%“‘ﬁ? gaélte %%B‘g/ day) was
per f or med aa]gyn@?a@bQWw%ﬁ%ﬁbj’Jc&%ll&%ﬁGta'l@xﬂg el R B Rk (@em)ed and
e a

assayed on SI'X comenci ng gl ut'en chal ['enge. gliadin 57-73
QE65 (A), PB4 iBhealy mesqb@m(mmnmamﬁo&memmm’g@AAggh@m n 57-73

QP65 (P65 non- bi oactive vari ant, se 25..ncg/ ) were - ,
assesged )AI(5U %@E%@SW%/UHPQE}H%@@ %:éiécp?gf’?félﬁf W &wf%l ® one was

n- 0, I untreated, or
o) 10t iyl B SRR pi Aas R R kaRRcad el Lt feal o
57-73 QE65 %&sﬁ@&?ﬁﬁBNﬁ%ﬂﬂﬁre@Eﬁ%ﬂaﬂw@h@e demrsbggmdﬂlatttha;belwerdeseam

significantly different fromblank.or |ad n 57- 5 n--9) (see ,
. Figure .28). mmeﬂam@aswewgetqe aéle@pﬁa&é ‘?)5 ﬁa"ﬁswﬁeﬁg‘ﬁkﬁ%‘& ®for- only- one

week did not subst | ol [ 25793
PCT/ GBOQ 03766‘61‘15’6’6?85?3% gty ‘?‘ §?5E§6L§P ‘%@2‘?@2 %1“1 00 éugg& gggnagaor E
~conbi ned) - }ttﬁﬂesu‘éﬂﬂle&@ﬂ'ﬁ&\e%he\l\&ﬁkﬁoxﬁiﬂ@m@ajmﬂbeﬁo@ @Eﬂ@udl d i nduce

. responses to -gfiadin 57-73 - QE65 and -P04724_84-100 92 (algne or

- conbi nw) t hehallegeds sa;@hiequc!ahltcmg rgsp@gjegﬁo A-gliadin 57-73 QESS and other
mmunoreacnve gliadin pepudes in bicod. ' o
Newly diagnosed DQ2+ coehac subjects were recm1ted from the L :
_ cra.stroenterolo gy outpatient servme PBMC were prepared and tested in mterferon '
- aamma ELISpot assays before subjects commenced GFD, and at one or two weeks '
20 after commencmg GFD. In addition, aluten challenge (3 days consummg 4 slices
| B standard white bread, 200g/day) was performed at one or two weeks after starting
GFD. PBMC were prepa.red and assayed on day six are a.fter commencmg gluten
; challence A—ghadm 57-13 QE65 (A), P04724 84-100 QEQ’? (B) (alone and
combined) and A-gliadin 57—73 QP65 (P65) (non-bioactive variant, see above) (all
_7 25 25 mcglml) were assessed. ' ' ' |
All but one newly diagnosed coeliac paﬁent was DQ2+ (one was DQ8+)
(n=11). PBMC from newly diagnosed coeliacs that were untreated, or after 1 or 2
weeks. following GFD did not show responses 1o A-gliadin 57-73 QE63 -an.d P04724
84-100 QE92 (alone or combined) that were not significantly different from blank or
| 3-0 A-gliadin 57-73 QP65 (0=9) (see Figure _‘23)_ Gluten cheﬂenge in coeliacs who had-

followed GFD for only one week did not substantjally enhance respoﬁse_s'"to A-




‘than-the non. - bioactive. vari ant A gli adin 57-73 QP65 and bl ank. Al t hough T

these Tesponses after gluten challenge at 2 weeks vvere:subst:ﬂn%ﬁ’réllz,o%ey :
appear to be less than in subjects:>2 nonths after commenci ng GFD. ‘
. Responses to A-gliadin 57-73 -QE65 al one were equivalent or greater than

‘responses to P04724 84-100 QE92 al one or when m xed with Agliadin.57-73

~ QE65. NoneWeXo12h®3subj ect s experienced troubling synptons RGMGHINL3RG
- chal I enge. 1 mune responsiveness (as rre,g?gg_r ed in PBMC after gluten

challenge) to Agliadinis partially res )
“i.nmplying that i i N hi s dom t. T [ | it ;
provails in gt B ESE PR R0 ok e Sl S RE iR ar cor
~starting GFD.cpiliégRRtvdBRb attbidontnicids GFDUiRHANSE Spdisd tf AlothAB! 4265

. di sease using gluten chal | enge and neasurenment of r esponses 10 A-gliadin 5
7-73 QE65-i n QB&S &id Bpide4 84989 QEOZfldneas torBbinedktbatah ¢re significantip greagera GFD.

I nterferon gamma-secreting T cells specific to A-gliadin 57-73 CQE65 cannot
be neasured i?qa"fﬁ‘é%%‘SF%H%Y%Y“@PB%%Q%%&’?%5&%@3 aggéfﬁ“&cé”,lﬂlét’ﬁfah conly be

-induced¢ by ' o VESKS: (aptigen. .

. excl usi -6:'n) : ?ﬁ%&%%@@} %1:3{%9%@%%@{3 ag?gé"ggs:‘%?% Spgst_ t}s?lﬁ@a a?ﬁlédgqﬁg Sdol ogy
~i's- cruci al  andad wrsubtts seutdbmhs ate conpaetsfGFDI Resmpbésniozaigtiadin sThBse
finding are consistent with functional anergy of T cells specific for the
doni nant . epi t@PeS alpneWeEdEdrIvairnY or greEsT tharraspanrsgs BYPGATER Fénl 00REPLsloon

GFD). This ph - h . - éviously dempnstrated i h |
i eohse ™ S SURAGRRE RS ASfindf 30 R GHS e SIPIRILA SaditnBa THTRT |

“with pepti dqrgdgﬁﬁgpytﬁb@nﬁqatﬂggtegi-cﬁgmg ‘1 April 2004 W.01/2-5793 :
PCTI GBOOI 03760 -517-".References 1. Mdl berg 0; .et at Nature Med. 4, 713-717.

Soember G gh o EASER 0 SOTEL SO SR SRSy P b

. gg; E ggsnz irggls\snrgsfaonﬁ%'e@% ﬁﬁ@@éﬁ:maﬁt T BHDES e prdvailt iuTﬁﬁféé?ed%EiiQ:§H§ | 46,

: : * disease and for at least one week after starting GFD. The optimal timingofa .
diagn_dstic test for coeliac diééase using'glﬁtén “;haller-lge and 'méésﬁrexﬁéﬂt of ‘

15 respons.es to A-gliadin 57-73 QEG5 in the ELISpof assay is at least 2 weeks é.ﬁ:er :
commencing a GFD. S . a

| hltérfgtgn gamma-secreting T c‘eli}s Siaeciﬁc to A-gliadin 5;7—73 QEG_S cannot
be measured in the Périphém;l blood in unﬁreated poéliabs, andrcral.n‘oxﬂy be induced .
by gluten _chﬁ.llenge after at least 2 weeks GFD (antt gen équusion). There_fore,

20 timin_Q of a.diagglostic test uéing tlus m'étﬁodolégy is crucial and lfurther:smd'ies are
ﬁeeded for its optimizationr. ".I‘hes'e ﬁndAihg ‘a’fe coqsiStenf_ with fupctional anefgy of T
cells épéciﬁc for the dominant epitope, A-—gﬁad'm 57-73 QEGS, reversed by antigeﬁ
exclusion (Crf_D). “This phenomenon has 'nof been previbu_sly demopstréted ina
human diseése,,' and supports the pbsAsibili'ty ’_ﬁhat T cell anergy mayrbe inducible with

25 . pepti_de‘rherapy in coeliac disease.
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red 2 weeks after commenci ng GFD, :

(1998) 102. Quar st dmm@)e respoasivenass (as3nesbuned moPBMO aftazeiea Shallenggaw)a- 3. ;



-7. Qerup 0, et al. Tlssue antigens 41, 119- 134 (1993) 8. NUIIlghan CG, et -
.al . Tissue-Antigens. 50, 688-92 (1997). . 9. Plebanski Met al. 2094

- I.mmunol . 28, 4345-4355 (1998). 1 April 2004 WO . 01/ 25793 -52-. .

PCT/ GB04/ 03760 Table X - A-diadin protein sequence (bas acid
sequenci WE)IRIPVPQLQP QNPSQQQPQE Q\/PLgQQQQ: PGQQQQFPPQQ%;@E%E

" SQOPYLQLQP FPQPQLPYPQ | 11 21 - . 51 61 PQSFPPQQPY PQPOPQYSQP

QP SQRRAQ QLA AW LA LQ PCl VDW | AHAR 71 81 91 101.111

121 131 SQVLQQSTYQ LLQELCCQHL WQ P Al HNVVHAI | LHQQQKQQQQ PSSQVSFQQP

LQQYP LGOGS ‘A%ﬁ]rﬂé)lf%%h Frg%ﬁrgﬁﬂ:dl 171§ Q?? PQA QGSVQPQQLP QLEEH NI'__'AL

CHLPANCNVY 211 2 51 261 Table 2, Coel i ac

di-sease subpeclarsehilicedl fge JGm@&ﬁblfﬂ%9WBﬁB@@999ﬁpt0nB Sexfree

di etchal 'engewith bread 164 f14 annzg ote3 daysAbdom nal pain,
| et hargy, 273 Gfmbqu&%zwofé@%s?%hp

e ooy og!Gh BRISRAUEER RRUSeR: 6.0 YISz 883 lBgppooom nel parr
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‘None 658IVBS yrHet er ozygote 3 days None 755 i yrHeterozygot e3 d sD| arrhoea .
- 848 115 'yrHonozygot e3 daysAbdoni nal - pain, diarrhoea 1 April 20 04 o
01/ 25793 -53-PCT/ GE00/ 03760 Auai noaci d at position.65RangeMean
. G'ut amat e( 100) 100%. Aspar agi ne(50- 84) 70% Aspart at e(50-94) - 65% . ,
Al ani’ ne(44‘ﬁé6°)’g4% Cyst ei ne(45-83) 62% Serine(45-75)62% Val i ne 24-79)56% -
Thr eoni ne(46-%88)53% G yci | ae( 3447) 40% Leuci ne( 8- 46) 33% G ut&rFHOf @021) 19% .
i sol euci ne(3-25) 14% Met hi oni ne( 3- 32) 14% Bhenyl al ani ne(0- 33).12%
Hi sti di ne(0-.13) 8% Tyr osi ne- (0.17).8% Trypt ophan(0-17) 8% Lysi ne(0-11) -4%
Prol i ne(0-4) ZPakie gi m—nﬁi(xanﬂpﬂoteﬁﬁhqwm (bﬁﬂ%%ﬁta@s@eqmngﬁ No TG
TGQ_QDFPQDQ_PYPQDQS
VRVPVPQLQP %NPSQQQPQE §WLVQQQQF PGQQQQFPPQ QPYPQPQPFP SQQPYLQLQP FPQPQLPYPQ
41
PQSFPPQQPY PQPQPQYSQP QQPISQQQAQ QQQQQQQQQQ QQQILQQILQ QQLIPCMDW I-QQPNL&HAR

71 81 N 101 111 121 131
SQVLQQSTYQ LLQELCCQHL WQIPEQSQCQ ATINVVHAT LHQQQKQQQQ PSSQVSFQQP LQQYI’
LGQGS

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

211 221 31 241 251 261

Table 2, Coeliac disease subjects studied

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

1 64 f 4y - Homozygote 3 days . Abdominal

pain, lethargy,
mouth ulcers
diarrhoea

2 57m. 1y Heterozygote 10 days Lethazgy,
nausea
3 35f Tyr . Heterozygote 3 days - Nansea
3IEm 6wk ‘Homozygote 3 days . Abdominal
pain, mowth
ulcers
diarhoea

26m  19yr Heterozygot= 3 days None
58m 35yr Heterozygote 3 days Nene
55m. 1y Helerozygote 3 days Diarrhoea
43 f 5 yr Homozygote 3 days Abdominal

pain,
diarrhoea

0 =~ D

N



. 8 (1-13) 100 (104)CLCPFPQPELPYPQPCS 5(1 7). 53(44- 67)CLCPFFQPQLPYS

. (0-20)83 (61-113) QLQPFPQPQLPYPQPQP 19 (0-33)83(74-97) Q_QDFPQD

(0-7)109 (41-152) PQLPYPQPQLPYPQPQP NDP. QLPYPQPQLPYPQPQL .

(O 1)3(0-7) QQQPFLQPQLPYSQPQP 0 (0-0)2(0-7) Q_QDFSQDQ_PYggD(%’G y
NDPQPQPPPPOLESBTQP 17 (0- 40) 24 ( 11- 43) PQPQPFPPQLPYPQP ?ﬂ“&@?lg

(11- 33) PQPQPFPPQLPYPQPPP 10 (0- 30) 21-%31- 33) PQPQPFLPQLPYPQPQS Table. 3
Corresponding residues is glladin protein seel uenFm (Acce sign no.) 57-73
a-Giadin (T. aesti vkggg)mcg&?g}.ﬁmﬂsn Cr gafdel | adi N §fay aesti vum Q41545 :
77-93 ¢ 4-Gli adi n. pr@eahser (Tri cMAUN.  agpby vum) POaBe3 76-92 a-Qiadin -
(T. acsuwsnm) Q41528 Fpafdned- G i adi n. st or gge4pr ot ei nypd. aestivurn) Q4153I
57-73 CL-d i adi n- mawsppept i de (T. aesti V\/(ffm)94@1533 6587- 93 a-Giadin
precursor (T. speltajlakg@/P09 77-93 cr/ -@ui7ay' in As&d precursor (T.
-acstivum P0472 77-CBtekP-d iadin A 1V [#eBursor (2% aestivun) P04724 '
77-93 alli- iliadin 8he precursor (i. ac$45+inm) P1882#8 '84-100 ctJ -diadin
A-1V precursor (T. a¥simtvun) P04724 84-1B97%/3-d i &Fn MML precursor (T.
aestivun) PI8573 770oguisd -G iadin Al [#5e%r sor (?75/°aest| vum) P04721 .
77-93 u-Giadin (T. S8y un) Q41509 77-$ Glladlr ”storage protein (T
aestivum Q41530 77z Sne/ p-Giadin Al I{ ).cursor j‘ aesuwn) P04723 :
82-98 a/p-diadin A VP ursor (T. aesti P0472$4.;32 98 /P-Giaein clone

'PW 1215 precursor (T 1L°§}u;5vurr) P04726 Eé 8 aJl, - Gjhadin’ (T urartu)
Q41632

Phsuylalamne . (0-33) 12%
Histidine ) (0-13) 8_%
Tyrosine: ; G17). 8%
Tryptophan - 017y . B%
Lysine T . (0-11) T 4%
- Proline o {0-4) 9%
Arginine - - (0-2) 1%
"Table 3
Elisapt response . Peptide sequence C ‘ Correspond.mv residues in gimdm prarau: sequcnr:s (A.cczssmn no.)
' ??ITS) o QLQPFPQPQLPYPQPQS 5773 a-Ghiadin (T, scstivers) Q41545
' 100 (100) . QLQPFPQPEIPYPQPQS ~ 5773  o-Gliedin (T. acsbvumg[ 041545 | P02853
sa PEPQPQLPYSQPQP 7793 a/B-Glizdin precursor (Tricotum. aestivum
567 :53 0 . - R o . 7692  a-Gliadin (T. pestivum) Q41523
' ‘ 7793 "a-Gliadin storage protein (T. aestivum) Q41531
57-73 a~Clizdin-mature peptide (T, aestivam) Q41533
s . 7793 o-Gliadin presursor (T, spei) Q9ZPO9 .
' ' iadin’ A= ir (T. acstivum) P0472
26) 83 (61-113 QLOPFPQPQLPYFQPLP 77-93 a/p-Gliadin' A 11 precursor (T. acstivum)
13 %&3% 33.((74.97)) GLQPFPQPQLEYPQPQL 7793 o/p-Gliadin A-TV precursor (T. am) POAT24
_ ' 7793 o/B-Gliadin MM] precurser (T. acstivum) PLST3
r -152 PQLPYPQPQLPYPQPQP §4-100  o/B-Gliadin A-JV procursor (T. nestivum) P04724
' in(g DN PQLFYPQPQLPYPQPQL 84-100 o/B-Gliadin MM presursor (T. aestivum) P18573
8(0-1}) 37 QLQPFLQPQLPYSQPQP 7743 a/B-Gliedin A~ precursor (T. sestivum) PO4721
e : ' 7793 o-Gliadin (T. acstivum) Q41509
LQPFSQPQLPYSQPQP - T1-83 a-GHadin storage proteia (T. asstivum) Q41530
fqg’m 202 }?Q‘PQPFPPQLPYPQ‘I‘QP 193  o/p-Giadin A-TIE precursor (T. acstivum) F04723
17 (0-40) 24 (1143) PQPQPFPRQLPYPQPQS 32-98  «/f-Gladin A-V precursor (T. acstivam) .PM:I?.S _
10 (8-30) 19 (11-33) PQPOPFPPQLPYPQPPP . 8298  a/p-Gliadin clone PW1215 precursor (T. acstivim) PO4726
S , 82-98  o/B-Gliadin (T. urartu) Q41632
10 (0-30) 21(11-33) PQPQPFLPQLEYPQPQS 79-85 o/f-Gliadin ciohe PWE142 precursor (T. sestivom) PO4726

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

Table 4




'79-95 a/p GI i ad| n. cI one T W142 precursor (T. aesdvun) P04726 79- 95 '

a-Giadin (T. aestinrm) Q41529 79-95 a/ .liadin precursor Cr. al—:-AE’ﬂLZPQﬁ')

- Q41546 Table 4 1 April 2004 -54 :--WD-01/25793 Table 5. T cell epitopes -
described in coeliac disease -PCT/ GB@d103760 . : -

‘Sour ceRest r'i ¢t i onFr equencySequence* Gamma - gl i adi nDQZS/ N 'S. :

- (i TCO) QQLPEREQREYS FPEQERPF Al pha- gl i adi nDQ212/ 17 (i TCL) Q_QQR‘RMLOWO

. ‘Al pha-gliadi nDQ11/17 (i TCL) PQPELPY. PQPELPY Al pha-gli adi nDQ21/ 23 :

( bTCC} LGQQQPFPPQQPYPQPQPF Al pha- gl i adi: NDQB3INS (i TCC) QRQYPSGEGSFQPSQENPQ

G ut-plipBOY L (i) ORRNT TRRQEeQiflagha- ol | adi nDQR1 1/12 in

Vi vq&nggFPqDE 5 NSpRglensf at€d in-origi gal.ubl i-cation, 1TCC

int e@gduﬁal,haa'mc]g@ cl.one, 33 Gl ¢nt esti nahoPedprorensirEdeRed | 11 ne, bTCC

_ pEFIBBﬁ[oﬂEd_,ﬁﬂ oogk T cell 1zzivqneLj*Al | peptLgeeopEery he product's of -

~ trangighatgiiadi nas@ nodi f yi mgiiticd) t ype gl pORSLPPRPQRELHES except t he fourth and -

_Si xt AiplpegitdidesDJabl ‘e- 6. Red @TC)e bi oact L&QQYPRFPQQPYRUMQBFT cel | epitopes in
. coel Alplp-giBNC aP@%®r gl ut edNEKAE enge Squ@HESéZ‘l"ECEEQEﬁQﬁi*"PQesponse as %

A gl Flenin 57- 7BREGS (al M @5Heg/ m) WI@QQ%@? ﬁ%geﬂ TG E-substi tut ed
Q@P@W@@@Fﬁé&mg (128 7) 10(5)%2 RPEPETRYS® (2) 19 (1)8 (3)

R R e R TR B SR ﬁé@ﬁwbsmb*?w“

seq u’@ﬂ%@}{tfdgfaﬁcr the. pfngﬁ&s &f Uaﬁsﬁﬁmlcxﬁhﬁg{h?% gi %g e gﬁc{eé &gepgﬁcpiro Dat%a@‘{i)g:h h%}%des

cel ope type 1S the u peptide.
subj ects. Bl ank was (1) % 1 Ap_ri‘l 2004 WO 01/ 25793

Table6. Relative bloactlwty of gliadin T cell epltopes in coellac PBMC after OIuten challenoe
Sequence* : ’ ELISpot response as % A-gliadin 57-73 QE65 (all 25meg/ml)
- Wild type Wlldtype+tTG E-substituted
QQLPQPEQPQQSFPEQERPF 9(3) . 18(7) C1005)
QLQPFPQPELPY _ 6.(2) S 19(1) - 8(3)
PQPELPYPQPELPY 13 (6) 53 (8) - 48 (9)
QQYPSGEGSFQPSQENPQ 103y - 9(3) 14 (8)
QLQPFPQPELPYPQPQS 18(7) 87 () ' 100
PQLPYPQPELPYPQPQP 14 (4) 80(17) 69 (20)

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

e



‘ ---55-- -Tabl e 7. Pol ynor phi sns of A-giiadin 57-73 A. Sequernices :ﬁgg from
- Nordi ¢ autumm wheat strain M-oel ner PCTI GB0O0103760 Al pha-gli ad %in
- (single letter code refers to Fig. 14 pept i des) Pol ynor phi sm @1545

A—gl | ad:vg,{&(,{ apsequenced protein) 57-7.3 (A QOPFPQPQLPYRORIofesical Pha
: AT133605 & AJ133602 58- 74 (J) QPQPFPPPQLPYPQTQP CR al pha- 3, 4, 5:
: (EI\/BL AJ133606, AJ133607, AJ133608 57-'73) (1). Q_QDFPQDQ_PYPQDQD G |- al pha
7 (EMBL: 4 57-73 YPQPQP di al pha 8,. 9, 11: (EMBL: ) .
(F) Q_QPFPEédﬁg db'dﬂ"'z”)'%ﬁ(@f% VBL: AJ133bi 0 57-73) :
(D} QL QPFPQPQLPYLQPQS B. SW SSPROT and TREMBL scan_(10.12.99) for Q)i adi ns-
cont ai ni n4. Sequensey demysas fr RO \RaR MJWIDM‘ cum aesti vum unl ess
stated) (lAlpidigiadingress (soge rowiveie RétymbizpHipsradéy 1545 PAygbmkigt n (from
sequenced @i645e1-fiadib EorGequa)cal RERPQE RYPOPQS SW SERROP FPW_ _ P02863
77- 93 ( F)| GHCRERQPQEMBBQPORSGOA BT MBIATS-R04TT 21 77- 93| ((BREERIPRREPELTR¥PQPQP .
- GDA2_WHEATGIPOzhZ 22,5 TEMBE: AR} BPOQRFREROLAYRORGP-1C0A3 ZWNEAPFRORIZYSQOFQD3) . -
- (0) POPQPHRRGIY PUPAPL GOAB S TTHATED4724 7793 (O) QLQP

P04724 84-‘11@@31"@&)9&% EMpOEPYP. GDAS_WHEAT P04]

5

FRQPEFBPRENEL
28 QPR VSQPQR

PQ@DAN WHEAT

~(N) P~LPGF PEBEEL P

CDA7 - WHEAT. P04727 79- 95
(O) QLQPFPBPAWISIRY Tay

6lﬂv§&ﬂg$477ﬁ 82-98 (P)

. PPQPQPFL PQLPYPQP
e 0

GDA9 WEAT P18573 77-93 "
%W(g_r)ari(g_smvpan@w\tww_ Y ‘GDA9

- VHEAT Pl8§@cﬁ1eﬁie WQW@@ TREMBL Q41509. ALPHA-GLI ADI N

77-93 (G (el PBiadid FEsidplouAbl N 7 ¢ -FoBmiphigh OPFPOPQL YSQPQP

Q41529 Al WP (ﬁ‘cﬁn @huchdoll ﬂ@?@?ﬁl-_BQAPYPQDQS QLQPFPQPQLPYPQPQS
SWISSPROT
GDAO_WHEAT P02863 77-93 (F) QLQPFPQPQLPYSQPQP
GDA1_WHEAT P04721 77-93 (G) QLQPFLQPQLPYSQPQP
GDA2_WHEAT P04722 77-93 (B) QLQPFPQPQLPYPQPQP
GDA3 WHEAT P04723 77-93 (0) PQPOPFPPQLPYPQTQP
GDA4 WHEAT P04724 77-93 (C) QLQPFPQPQLPYPQPQL
GDA4 WHEAT P04724 84-100 (K) POLPYPQPQLPYPQPQP
GDAS3 WHEAT P04725 82-98 (N) QPQPFPPQLPYPQPQS
GDA6_WHEAT P04726 82-98 (P) QPQPFEPQLPYPQPPP
‘GDA7_WHEAT P04727 79-95 (M) QPOPFLPQLPYPQPQS

| .GDA9_WHEAT P18573 77-93 (C) QLQPFPQPQLPYPQPQL

GDAS_WHEAT P18573 84-100 (L) POLPYPQPQLPYPQPQL
GDAS WHEAT P18573 91- 107(K). POLPYPQPQLPYPQPQP
TREMBL
Q41509 ALPHA-GLIADIN 7793 @) QLQPFLQPQLPYSQPQP
Q41528 ALPHA-GLIADIN 76-92 (F) ° QLQPFPQPQLPYSQPQP
Q41529 ALPHA-GLIADIN 79-95 (M) POPOPFLPQLPYPQPQS
Q41530 ALPHA-GLIADIN 77-93 (H) QLQPESQPQLPYSQPQP
Q41531 ALPHA-GLIADIN 77-93 (F) - QLQPFPQPQLPYSQPQP
Q41533 ALPHA-GLIADIN 57-73 (F) - QLQPFPQPQLPYSQPQP
Q41545 ALPHA/BETA-GLIADIN 79-95 (M) QPQPFLPQLPYPQPQS
Q41632 ALPHA/BETA-TYPE GLIADIN. Trificum urarta 82-98 (P) POPOPFPPQLPYPQPPP
Q9ZP09 ALPHA-GLIADIN Triicum spelta 77-93 (F) QLQPFPQPQLPYSQPQP




'Cn1530 ALPHA-GLIADIN 77 93 (FDCLCPFPQPQLPYPQPQP Cn1531 ALPHA- i DI 7-93

- (F) QLQPFPQPQLPYSQPQP - Q41533. ALPHA- GLI ADI N 57- 73 (F) QLQPFPQPQL 86@92
Q41546 ALPHAI BETA- GLI ADIN 79-95 (M PQPQPPQLPYPQPQS Q41632 ALPHA/ BETA- TYPE
" GLIADIN. Triticumurartu 82-98 (P)PCPCPFPPCLPYPQPPP Q®ZP09 ALPHA- GLI ADI N

C Triticum eMOLIAPE3 (F) QLQPFPQPQLPYSQPQ.P 1 Apri| 2004 VO POBEBY 37696 -

- PCT/ @&B00103760 Table S. Bioactivity of >8Tbst i t uted variants of A -gliadin

57-73 QE65 difie d|n 57- 73 (nmean -
© 100% 95% %&%%ﬁﬁ{}ﬁ%ﬁhﬁ%@ @gﬁ Eé%‘%‘% .,95 % éﬂ‘l“é"? 8. 5)
-Subst. P vs % vs GSubst

" ‘Super - agonlsts. P62710. 001H6z47<0. 0001N6624<0 0001 Y61129<0 00V6370<0. 0001 -
- (6947- <O 89@01%424@60@91311 04 EvG  Subst % PvsG  Subst Y% PvwG Pwihl

- Y761290. 000656970<0. 0001N6347<0. 0001X6323<0.-0001: S

" Agoni st sH63. 7d®0IHD1196837<0! 0004%66 2T <0. MOOI<00001  Né§ 24 <0.0001
©-\W01190. 017¥%63708. 0G8WHE84B[ 0. MO0 LWIB6. X3<0. 4900 k0000t  Red 24 <0.0001

- 1(571180. 025706950. ORfI3DGSA6<0. 00Q1H6722<0. 9001, X201170. 04T6269.
Ll ooiveeretol 350, S D080 QAN g <0-H00L 5RO 144

 A571160. 0461. 61588%0. 00016345<0. BYG1SEE. 2720, % S¥F116. B 04‘5936& |
© 69. <0. 0001VEA452H. 0008F6%21<0°0001°%K58¥440. 98 TE1BY<0BE001 EFL45€@00001.
W6621<0. 000%” WB9B1009R1 THS69<. 0GOPAGIRG<0. B00EEOY - B¥<0. 0801 <0.0001 _

. A731090: 24NB6-68x0. 0081 RE2429, 060RGESEE . .«0. CODE  Les _122 <0.0001

- 1591080. 376967 <. 000&C6842<Gs 0001064 . 2as] <Ois 00Qde0n - se6 <0.0001
- G591080. 34.4465066%0. GALAGH42<H. oa%ai%a& <0 0004, A534980. 35362 <0000

veosons. 6orEs e lnCookn \2099.C 1é67%§<80%00 BoopE 2 e

~ W501050. 62 66<g 008% 41<8 g
A59. 1040. 61PR16520..0 412 116539<0. D00 Y. 0‘6‘3‘ K721’04 <°6°°’65N6264-

<0. 0001 F6“§%11<(5 000%2/&66”“19% oéb%f‘o 6?301 @ <0000 , . o000
108 0.37 - Té9 <0,0001 42 <0.0001 D64, -21, <0.0001
_—GSS 108 034 K60 - 66 <0.0001  A64 42 <0.0001 165 21, .<0.0001
‘ ASS. 108 035 S 66  <0.0001 C65 42, <0.0001 - Med- 20 <0.0001 . <0.0001 | - - -
. Weo 105 0.62 M1 66 °  <0.0001. N&7 41 <{.0001 G67 1% <0.0001 - <0.0001 A
. AS9. 104 0.6 P61 65 - <0.0001  W6E 4  <0.0001 TGS 19 <0.0001° . 0003
KT 104 - 065 -M62 64 . <0.0001. Fed 41 <0001 AGE T 19 <0001 <0.0001 -
. 559 103 076 Q6f 64  <0.0000 -N68 40  <0.0001 . I64 19 <0.0001  0.0003
.- K73 102 - 08 G6L 64 <0000 V66 40  <0.0001 REI J19 <0.0001 <0.001
" AT0 102 0.81 A63 64  <0.0001 HE9 40  <0.000F  Wé7 19 <0.0001 | <0.000F
Y60 101 - 0.96 - L62 60 .<0.0001 M69 40  <000f K68 12 <0.0001 . <0.0001 .
ATZ 100 . 694 T68 60  <0.000i REY 40  <0.0001 HE4 18 <0.0001 <0.0001
$63 98 067 S67 5% <0.0001 - W6S 40 <0.0001 W64 - 1% <0,0001 0.0061
Kse 96 046 N6L - 59 ' <0.0001 Q69 3% - "<0.0001 Q65 18 <0.0001 0.0002
160 9§ 0.5 169 59  <0.0001 L67 38 <0.00001 Fe&4 . 16 <00001  0.0008
G70. 95. 041 V61 - 58 <0.0001 K69 38 <0000 Lé5 16 - <0.0001 0.0022
. D65 95 = 0.44 - D51 58 <0.0001 K62 . 38 <0000l Néd - 16  <0.0001  <0.0001
-E70 o3 -0,27 Eﬁﬂ 57 -<0.0001 E67 37 . <0.0001 F6&s . 14 © <R.0001 . a.12
163 92 . 019 A61 . 57  <00001 L€d 37  <0.0000 Q67 15 <0,0001 00012
560 92 023 Q62 - 56  <0.0001 ° S64 36, <0.0001  MS6S 14  <0000I 0015
P59 38, 008 F68 . 56  <0.0001 G6 . 36  <0.0001 D66 14 <0000 0.013
. M63 87 - 0.03 " N6S .. 56  <0.0001 E69 36  <0.0001 . R6T 14 <00001 0002
KT 85 0047 A62 56 <0.0001 " E68 © .36  <0.0001 Non-agonists :
Véz 34 0.04 A68 53 <0000l V67 35 . <0.0001 - P63 13 - 00001 0.012
I70 84 ° 0.04 P66 53 <0.0001 D62 35 <0.00M  Esd 12 - “«0.000] 0.053 "
1 8 0.01  Rsl 53 <0.0000 R6® 34 <0.0001 - We5 11 <0000t 024 .
V6B 82 0005 S63 53 <0.6001 Q66 - 35  <D.O0DDI Q64 11 <0000 0.15 . .
BS9 8 081 Y63 52 <00001° A67 33 <0000l G66 11 <0000 0.07
Pairtial agonists - Nég . 31 <0.000f . N6z 32  <00001 Res - 11 - <0800 0.26
W61 79 - 0002 B3 S1 <0000 66 . . 31 <0.0001 Y67 16 <0.0001 . 0.13
. A€0 78 0002 T6&& 51  <0.000] Esz 31 <0.0001 EGE 16 <00001 QU7
Y62 78 0006 T67 51 <0.0001 Des 31 <0.0001 K66 10 <0.000] 021
GS0 77 0003 Y63 50 <0.0001 D67 30 .<0.0000 . R66 (0  <0.0001 023
AT1 77 0003 D63 50 <0.0001 M6 - 29 . <0.0001 K67 10 <0.0001 0.1
W62 76  0.0009 A6S 49  <0.0001 Y66 2%  <0.000] P65 8 - <0001 Q.57

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

H61 72 <0.000f- 1468 - 48 <0.0001 EKé 25 <0.0001

Wes 72 <0.0000 Q68 48 <0.0001 T6E 25 <0.0001
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<0. 000! M5940<010001X6818<0. 0001<0. Cag i x
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S63980. 67S6759<0. 0001W5940<0. 0001\W645738<0. 00010. 0001

1(59960. 46N6159<0. 0001Q6939- <G 0001(Q6518<0. 00010. 0002 '
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58<0. 000
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G60770. 008¥$950<0. 0 | DQ7p3p<0. 00016 RGAL0<0, 00040. 2 10
A71770. 003P%6350<0. 0081 May39<0. 000 gk( 6g4¥0<0. 000160 110:29 16
W62760. Ooau 6549<0. 0d01 s 28<0. 00RB3PEEB<0. 000109 570.41 16
Q60760. 00195149<0. 00116 628<0. 0001 X646PLOL0M 0, 82 0.2 13
- L63740. 00Qg}6649<0. 0@011b®526<0 00B3KEAB&0. 0001 $0. 639 23
' ' 66Y 19 0.048. 28 640Q 7 049 . 11
S4E 19 0049 12 641 5. 06 71
67A 18 0.058. 30 63K . 5 056 19
678 18 0052 - 22 67Q .5 06t 18
_ Non-antagonists : - 635G 5 062 15
&5V , 17 0.07 23 64M 4 07 29_
651 17 0086 21 60H 4 066 “ 23
66T . 17 0.069 - 25 . 66K 3 076 10
6w - . 15 011 11 66D 1 - 09 14
67TR 15013 14 63K 1 - 0388 23
G5P 13 013 . 8 64H 1- 093 18
65K 15 0.1 8 66K 0 098 10
" G6W 15 012 21 64K 2 088 ¥
671G 14 014 19  64L 411 026 22
G6A 14 014 19 ,

Table 10. Inhibition of A-gliadin 57-73 QE6S5 intetferon gamma ELISPOT response by
| pepttdes Lnown to bind HLA-DQ2 (P is significance level in unpaired t-test).

Peptide % Inhibit. P
TP 31 <{.0001

HLA1la 0 . 0.55



: 162740 0005T6848<0 0001P6826<0 0001Y65 7<0 00010.9 -

- K70740. 001S6548<0. 0001Y6425<0. 0001 116172<0. 0001L6848<0. 0001E1(%@'§28%001 5
‘W872<0. 0001Q6848<0. 0001T6625<0. 0001 I Apr i | - 2004 WO 01/ 25793 -57--. .
_PCT/ GB00/ 03760 Tabl e 9. Antagoni sm of A-gliadin 57-73 QE65 int erferon gamma
ELI SPOT response by substituted variants of A-gliadin 57-73 QE65 (Subst)

“ (P is sign¥Oi%an¥é | evel in unpaired. t-test). Agonist ‘act iRGWGBEOMSa@ON] st) P

- of pepti des conpared, to A-gliadin 57- 7‘58@565 is also shown. Subst% .
inhibit. P % agonist.Subst% I nhibit.P % agonist. ‘Antagoni st s65R130.18 11 :
65T28 0. oé"ablrglgmmrg@%nm f $78lprind HO% QRIS smedBron @260 PEIM6reSp@RE by863R13

.. 0. 1919 ' n6fliviiy2EcuBing @8l iforpBisms 1Z O\-3Rddln S7-7OIQEES @ is siphifantsles 561 20. 218
167124 0. 0Ldp#hR@%¥dstP). 227 67Y24 0.013 2166S12. 0. 2222 64&1 0.03 -
2167F110. 2551 64D21° 0. 024 .1666R. -100.2910-65L20 0. 046 26.67K. 100. 2910

66N20 0. 031 ARAEARALES MinoriakR0 0. 038 1665F 4904116
P04725 82-98 QES0 POPQPFPPELPYPQPQS To19 1 0.009
Q41509 77-93 QE8S  QLQPFLQPELPYSQPQP 11 0.15
Glic. 1,6 58-74 QE66  QPQPFPPPELPYPQTQP 11 - 0.1
P04723 77-93 QE85  PQPQPFPPELPYPQTQP 10 0 004
Glio. 3-5 57-73 QE65  QLQPFPQPELSYSQPQP 7 034
P02863 77-93 QE85 .QLQPFPQPELPYSQPQP 0.35
Q41509 77-93 QE85  QLQPFLQPELPYSQPQP 0.41
P04727 79-95 QBG5S  POPQPFLPELPYPQPQS 0.39
P04726 $2-98 QE%0 . PQPQPFPPELPYPQRPP 0.43

th Ch NN

ra



'64N19 0. 05 1663P8. 0. 42. 13 64Y19 0.06 25= 65EKS0. 3925 66Y19 0. ogg
2864Q70. 4911 64E19 0. 049 1264150. 621 67A18 0.058. 3063K. .50.5 @“@?Q&lg
“0.052 2267Q 50. 6118 Non-ant agoni st s65G50. 6215 65V170. 072364Mi- 0. 720 -
651170. 0862166140. 6623 66T. 170. 0692566 E30. 7610 65WL50. 111166D10. 914
67R150. 1WOMBERI9310. 8823 65P150. 13. S64HL. 0.9318 65K150. 14 BEERHH 76810
66WL50. 122164K- 20. 888 67G140. 1419641-999. 2622 66A140. 1419 Table 10.

| nhi bition of A-gliadin 57-73 QE65 inteiferon.gamma ELI SPOT response by
-peptides known to bind HLA-DQ@ (P iGLaINE fi cance | evel in unpaired: _
t-test). Peptide % Inhibit. P TP .31.<0.0001 HLA. 1 a 0 0-95 1 Apr|I 2004
WO 01/ 25793 --58 PCT/ GB00103760 .Table ,1.1. Antagonismof A-gliadin 57- 73

- QE6S f L S by
sol ynLPLﬁ[sﬁé%Qm%%”gﬁofE' R e

.unpaired t- ), A &t - 57-73 QE6S5. pol ynor phi sn®o | nhibit. P P04725
82-.98 QE90P FPPELPY QD 190. 009 Q41509 77-93

QES5QL QPFL QPELRYSQRCENS 2 Gatiple Eramatht 1@sE@itly 4n QEIS@WFF!EL PYPQTQP110. 11
PO4723 793 ?5811516 5%%@555%%@{5 qur%geowgich is: SEQ ID NO:1 or 2, or an
N quwalent sequence from a naturally occuxnng homologue of the crlmdm
_ represented by SEQ ID NO:3, |
| (if) an epitope comprising sequence comﬁrising: SEQ ID NO:1, or an equivalent
sequence from a naturally occurring horﬁologue of the gliadin represented by
SEQ ID NO:3, which epitope is an isolated oligopeptide derived from a ghadin
protein,
(iii) an analogue of (i) or (it} which 1s capable of being recogmsed by aT cell
receptor that recognises (1) or (it), which in the case of 2 peptide analogue is not
more than 50 amino acids in length, or )
(w) a product ¢ compnsmc' two or more aoents as defmed n (i) (n) or (111) and
(b) determmmg in vitro. whether T cells in the sample recogmse the agent;
recognmon by the T cells 1nd1catmg that the mdivxdual has, or is suscepnble 10,

coeliac disease

2. Use of an agent as deﬁned in cla.1m 1 for the preparation of a d1agnostxc roeans
for use in a method of dlagnosmg coeliac dlsease or suscept:blhty to coeliac
disease, in an individual, said method comprising determining whether T cells of
the individual recognise the agent, recognition by the T cells indicating that the

individual has, or is susceptible to, coeliac disease

3. A method or use according to claim 1 or 2 wherein the agent is an analogue (iif)
which compiises (5) or (ii) bound to (a) an HLA molecule, or (b) a fragment of an
HLA molecule capable of binding (1) or (i1)



: GI [ a 3 5 57 73 QE65Q_Q3FPQPELSYSQ3Q370 34 P0286377 93

QE85QLQPFPQPELPYSQPQP6- 0. 35 Q4150977-93 @85Q_QDFLQDELPYSQDQJ %W"&’QM
P0472779- 95 QE65PQ P60. 39' P0472682-98 QE90PQPOPFPPELPYPQPPPS: 0. 43 1 Apr|I -
2004 WO 01/ 25793 PCTI GB00103760 "-59- CLAIMS A net hod of di agnosi ng coel i ac

. di'sease, tibility to coeliac disease, in an indiyj

‘conpri si ng’m?iﬁﬂggnt acting a sarrpl e fromthe: host with an 5&@3@@??5& ed :
from (i) the-epitope conprising sequence which is: SEQID NO. | .or 2, an
~equi-valent sequence froma naturally occurring honol ogue of the gl i adi n '

represented by SEQ ID NO 3, (ii) an epitope conprising sequence conpri sing:

SEQ ID NO.1, or an'eqw val ent . sequencggkrom a naturally occurring
“honol ogue of the gliadin represented by SEQ 1D NO 3, which epi tope is an .

“isolated aligopepfetidd deké mﬁrdlﬁ%m elah B aeFoid HOLIEL A molbhile br ARzABRNOgUe Of
v(i) or-(ii) which is capable of ng recognised by a T cell . “receptor
that recogni sesn encym@ieX(qompnsmf@hrHﬂAtmelegdseonﬁragnmmf HbAamaleagee i s- not
‘more-than 50 amino acids in length, or (iv) a product conprising, two or
~nore agents as defined in (i), (ii) or-(iii), and (b) determning in -

. Vi tro-whetsher TJS‘E%'GJ:&‘dIn% ht%?ﬁa;:%?*?iﬁﬁ\r/ﬁég 't%m%&%d%gﬁ Bises dd gﬁ?%{%hh%% by

_theTceIIsmdlcatlng S I s susce
.. coel i ac di seaseaged.to tseskof ofam mgemﬁuaaandidaéteenmg thmpmbmcmofuiﬂam:ﬁﬂ{im at -
preparation of a dia (%nostl C neans or use_in a nethad: of  di agnosi ng

" coel i ac di seasdbegie RITUPFIHY, e ‘{%ECGB%Pf pdlamypatiopdpdicatingthay the i dual |
sai d net hod cor‘g@m ?fﬂﬂgﬁ%ﬁﬁ%ﬁlrg&é%ﬁ\y{ﬁé ggléh T cells of :the i-ndividual

~.recogni se the a recogni cel I s indi catl ng that the

i ndividual has, or i s susceptible to, coeliac disease. 3 A net hod- or use .
according to claiml or 2 wherein the agent is an analo él ii) which -
conprises &i) ok method aseerdingte claim ha sdAvaseiache %ﬁmldf-‘ iggpo Sm[dgrrent of an
-HLA nol-ecul e capabl e of bindi ng (i) or (||) ' :

o : 7; A method accordmg to cla.un 1, 3 4 or 6 wherem the T cells are not rest:mulated "

in antlgf;n specific manner in vitro before the said determining. - -

8. :‘A method or use accordmc to any one of the precedmg claims in which the
recogmtlon of the agent by the T cells is determmed by detecting r.he secretlon of

U a cytokme from the T cells.
9. A method or use according to claim 8 in which the cytokine is TFN-y.

10, A meﬁbciql or use according to claim 8 or claim 9 in which the cytokine is '
_ detected by ‘a.l'lowh:}g the cytokige to bind to an immobilised antibody specific to

" the cytdkine and then detecting the presence of the antibody/cytokine complex.

1L A method or use accordmg to any one of clmms 1to07 wherem sald detenmumg |

1s dooe by measunng Whether the acent binds the T cell receptor

"12. A method for identifying an analoguelas defined in a claim 1,3 or 4 coniprising
determining whether a candidate substance is recognised by a T cell receptor that
recognises an epitope comprising sequence as defined in claim 1, recognition of

the substance indicating that the substance is an analogue



1 April 2004 ~ WO 01/25793 PCT/ GBOQ' 03760 -60 A nethod or ‘use @gc rd| ng t
. claim 3 wherein the HLA nolecule or fragnent is in a conplex 5081 ng
. four HLA m)l ecul es or fragnments of HLA nolecules. 5. Use according to claim
2, 3 or "wherein the nmethod conprises adm nistering the ent to the .
skin of &W‘?lhﬂ?f\?l dual and detecting the presence of |nflgﬁﬁﬁ%{’9{ﬁ37ﬂ the -
'site of administration, the detection of inflammtion indicating that the T
celI's of the individual recogni se tdml-agent. 6. A nethod according to claim
.1, 3 or 4 wherein the sanple is blood sanple. 7. A nethod according to -
claim 1133, A @eth6dvhergicsidg@elacdbdase, 3 eusaoftivikisito wbdlat dibcaseNinadt | gen
specific manner in vitro before the said determning. 8. A met hod or use -
accor di ng tomvd’éﬁfléoﬁlpﬂ’élﬁé dgteanimingthe alreaﬁ:rwe Ofﬁﬂmttﬂﬁ‘)’tth?ébmdé@b%l tion of . .
t he agent by the s_determ ned secretiqn of a
Cytokine. 1 1 ofFiine of 40 epreb s B R erY SRR i ety T SR At whi on -
the cyt oki ne gisinhfhivgl t40predindBbad a@aﬁbdmucﬁsﬁwcqhﬁ%é RdRidialhss gf claim9-
- in which the -cytokine’is detected by allow ng t e cyt-okine to bind to an

i mobi | i sed andustaptiplestpeaietiredisense.t he cyt oki-ne and then detecting the
presence of the antibodyl cytokine conplex. 11. A nmethod or use according to
any one of clains 1to 7 wherein said determning is done by neasuring
whet her the ésr%ey lo r tNogk tifying
~an anal ogue as %ge I %@gﬂ Ega%?% Eﬂgﬁagsookgpﬁéﬂ% et‘ger?fﬁrhl?ﬁg whet her

a candi date saLtbsrhadlcﬂtreamg@cpgavmtmgdoyha disenat by rdeaespigf cellsavhick ecogni ses
“an -epi tope conprising sequence as defined in claim1, recognition of the
subst ance |ndwsﬁ(§hft?‘€&!1 the substance is an anal. ogue. .1 April 2004 WO
101/27793 -61 13.° PCTI GBOO 03760 A net hod of di agnosi ng coeliac di sease, or -
susceptibility to coeliac disease, in an individual conprising determ ning
the presgnce i aﬁaoaﬁgudﬁ@dycduhﬂmcﬁahadﬁr téll peptopast defied i camn.et(uﬁ)ppe
conprising sequence as defined in claiml in a sanple_ from the -
" i'ndi vi dual , . aptiengheines %@%ﬁnt"ﬁéﬂhm‘%wuﬁ%m%@ﬂhﬁéofﬁé%t‘%t% individual ©

| has, or preventmf' coeliac disease by antagonising such T cells.

16. - Anagent as defined in cla'mi 1 or an analdgue that binds an antibody as defined
" in claim 13 for use in a method of treating or preventmg coeliac dlsease wan
individual by tolensmg the individual to prevent the productxon of such an

anu_body

1.7. A method of determining whether a composition is capable of causincr coeliac
| disease compnsmg determmmg whether a protein capable of being modlﬁed bya
transgiotaroinase to an ohgopeptxde sequence as defined in claim 1 is presentin -

the composition, the presence of the protein }ndlcanng that the composition is

capable of causing coeliac disease. - -

18. A method according to claim 17 wherein the said de;erﬁlining is done by
contacting the composition with an aﬁtibody speciﬁc for the sequence which is
capable of ‘eei.ng modified to the oligopeptide sequence, binding of the antibody

" to a protein in the composition ndicating the compoéiﬁon is .capéble of causing

coeliac disease.



is susceptible to, coeliac disease. 14. An agent as defined. i n"}gl a\i m1l, =~
-optionally in association with a carrier, for. use.in -a net hod' 0P 3084 i ng
~or preventing coeliac disease by tolerising T.cells whiech recognise the- =~ .
~agent.. 15: An antagonist of a T cell which has a T cell receptor as defined -
Jion: ¢l ai mWo wpsioenal |y in assaciation with a carrier, -for nIRGBSH/@78Et hod

of treating.or preventing coeliac di'sease by -antagonising such T cells.
16." An agent as defined in claim1 or_.an anal ogue that bhinds an antibody as-
defined in claim13.for use in a nethéd of treating or preventing coeliac

di sease i,nu an , individual by tqlerisi. t he individuyal t event the -~ -
“producti c}ﬁ of %%ﬁ"ﬂéﬁﬂa@ﬂtﬂ%ﬁf&y‘?’h@f?.‘” “HEE ATHeBte %ﬁ&r"ﬁ?cﬁﬁ%"met her.a .
conpositjon i akBn Rt 16 a4sduidc y o ' FkSi o rmnjng -
whet her a pr ot-%reélﬁﬁﬁgapab%e't%f leidei ng&%%%ﬁpe'cfgtéggﬁ% ?ﬁ?gﬁ‘ﬂ?gﬁﬁﬁéggﬂ an
ol i-gopepti de sefinedhineciam Hdfuit migch muhiagliadin potgin basrden imodifidicingappasi ti on,
“the presence of the protein indicating that the conposition is capable of
" causi ng coel i 2ydha gg%e.s DpE CORARSEAACe RdshdiaRdemerdified B 47 wherein the
‘said-determ ning.l ' : LNQ. - it wi.th an anti body
“specific for t esé%tqa&fe{%%gw Fg@%g&éﬁ%&ﬁ}g e%%n nggl?dﬁté %&"f‘f‘%aeﬂ%‘l{‘w -
- oligopeptide spfAHeNEE:laibti NdrAGTRimdnb 6f aithiabAent dldm RoOBIEWAIchRs khe _
-conposition indicating the conposition is capable of Causing coeliac o
- di sease. 1 Apiledst 2pemmoipidipns zolwhich/ coppoiseaegoence Mhith haabeen ant gliadin
- protein whose W'Jeﬁ ﬁpe.ﬁeguen_ce can be nodified by a transglutaniinase to
a sequence t hdt® FI’%) CsVah epi t ope conprising sequence as defined in.
~claim1, but which nutant gliadin protein has been nodified in such a way
“that it does not contain sequence which can be nodified by a - .

t ransgl u28ni na'serdteindha equenes a dequernce min¢tswsibnto dpid topel calhprémong _
- sequence as defli nid i nclaiml; or af ragrreﬁilt of .sych a- mét.ant gliadin’
protein whi ch Which dicell receptor ra0emises i 2genties 4e5ingd heleih - ARdcoNEh | ses
- sequence’ which ha

as 4 £4. .0 saj i at conpri ses |
a sequence whi 8@@595%1%&@ ‘|énﬁ]§%égﬂg§¢b%é??¥trlé%agﬁ?§if PE&E&?%&]T cel Irrp -

receptor recogeiepes. an agent as defined in claim1, and which . o

21, A m_ethdd of idenfifyin’g an a;:ttagonist of a T cell, which T cell recognises 'an'- -
agént as defined in claim l_?éonip_ris-ing contacting z candidate substance with the .
T cell and detecting ﬁvhether the substance causes a decrgasé in the abiﬁty of the
T cell to undergo an antigen specific response, the detebtiug 6f any such decrease

in said ability indicating that the substance is an antagonist.

220 A kit for c_arryiﬁg out a method or use according to any one of claims lto1l -
éomprising an agent as defined in claim 1, 3 or 4 and a means to detect the

recognition of the peptide by the T cell.

23, ‘AKkit according to claim 22 wherein the means to detect recognition comprises an

antibody to IFN-y.

24, Akit according to clajm'23 wherein the antibody is immobilised on asolid
* support and optionally the kit also comprises a means to detect the antibody/ITFN-

¥ 'compl'ex.



“sequence is able to cause antagonismof a T cell that_carries £ c\tmﬁ % cell
receptor. 21. A nethod of identifying an antagonist. of a T cell prliPe '
" cell recognises an agent as-defined in claim1, conprising contacting a.
candi date substance with the. T cell and detecting whether the substance
causes avEtiB#e in the ability of the T cell to under g8CAGTRMOIGENn
specific response, the detecting of any, such decrease in said ability, ,
i ndicating that the substance i's aré&tagoni st 22. A kit for carrying out a
- method or use according to any one of clainms | to 11 conprising an agent
- as defin®d i Ancebaitns defidon chimricoranmempsnisias defieet intchémridcogni ti on of the -
-peptide by the T cell. 23. A kit according to claim22 wherein the neans to.
detect recognition conprises an antibody to IFN-y.. - 24. A kit according to

opti onafy ¢ e At AE catdkinch (RN SRk Badlont s HRRS L Tin o
conpl ex. 1 Aghirh 220642 YEAEhhe@RiEABy accBptablRClA{eBEPdiRZ4B0 25. An agent as

defined.in claim | or an antagonist as defined in claim115. 26. A
phar maceuti cal conposition conprising an agent or antagoni st as defined in

~.claim?2 d h ticall t.abl J di 1 t. 27. A '
conposi 2Ton AoRBPBPRAPH B AR IR 3 SR PRIFh (hAAFETH % Suppr ess

the product pQmuefioforh T8kl oodntiBbly EGSRPNRG 1:QUeABeABEMinPP defined in
claim1l, WthChuCOOITpOSi ti onocorrprijseslg%hrsl agen%%a% deef I %ede?% aim . 28.

A conposi t i owhiahrcoarposigionicsinpgses a¥ agedtlas defpanselaim lan agent as. defined i n
claim 1, which conposition conprises an antagoni st as defined in claiml15.
29. Use of an agent or antagonist as defined in claim24 or a wild type

sequenceggas xdefined: k. cl.aldhn : n MeTe} tflic: o the
oot B3t aginrE AT i g ST RS RGBT N ROl e i 01
epi t ope’ of algwhitlicompositied nompdhies ho epiagmpis as defaseddetiaieds. . in claim 1,
to decrease the ability of .the gtiadin protein to cause coeliac disease..
31. A polynucleotide that.conprises a coding sequence:that.encodes a.

protein 29" f[fs%%m%g&l% oxdﬁftcjté?ﬁgst E.{"dé‘f]ﬂ'd% Rih4 %p a wild type sequence as
- defined in claim 19 to produce an antibody specific to the agenf, antagonist or

wild type sequence.

300 . Useof a'mutaﬂpn in an epitope of a gliadin prqtein, which epitope is as defined

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

31. A polynucleotide that comprises a doding sequence that encodes a protein or -

fragment as defined in claim 19 or 20.

32. A polynucleotide according to claim 31 that additio::aﬂy COMPIiSes one or more
regulatory sequences -operably linked to the coding sequence, which regulatory

sequences are capable of éecuring the expression of the coding sequence in a cell.

3. A polynucleotide_ according to claim 32 wherein the regulatory sequence(s)

allow expressior@ of the coding sequence in a prokaryotic or mammalian cell.

34, A polynucleotide according to any one of claims 31 to 33 which is a vector or

which is in the form of a vector.



32. A polynucl eotide according to claim31 that additionally cpapdliznes one
or nore reqgulatory sequences -operably linked to the codi ng sequence,

whi ch regul atory. sequences are capabl 9 of securing the expression of the
codi ng sequence in a cell. 33. A pol yn'&cl'eoti de according to claim 32
wherein the regul atory sequence(s) allow expression of the coding sequence
in a prokaryotic or manmalian cell. 34. A polynucl eotide according to any
one of cl a 3 i | 4 [ Rp of a
Vector. 1 ot 175005 RE RPN e ohe ol 8, et ned
in any one of corains 30 to.34 or which has been transformed with such a
pol ynucl eotide. 36, A cell according to clajm35 which is a prokaryotic
cell or a mammVjughhagheen trgnsiorm uchgpolyyeledidees a T cell receptor as
defined in claim1. : 38. Method of identifying a product which is

t herapeutic for coeliac disease conprising admnistering a candi date

subst ance 360 aAnsiimcomiingtefdaieBs whichdd aproBaryotit 61l Hedmatinalan ¢Ell.i S
susceptible to, coeliac disease and determ ni ng whet her substance prevents
or treats coeliac disease in the manmal, the prevention or treatnent of
coel i ac disease,indi cafl t n kS a.therapeutic product. 39.
A therapeldtic p‘?&!ﬂErt"g];ljggﬁged@%%%?siazgcglxpﬁ%ﬁéoﬁ%%%&e%fn @fﬂgﬁ) ﬁ'} 38 for use in a
met hod of preventing or treating coeliac disease. 40. A nethod of

di agnosi ng coeliac disease, or susceptibility to coeliac disease in an

i ndi vi dual3& onpWiethod @f atentifiiing @piodyctavhiclyisitherapeutio forvedliacdisdasé m 1 and
determning in vivo.or in.vi T.cells in the %daﬁ\ﬁd al recognise

r.o _whet her
the agent, rec@&?ﬁqsfwdgpnisf‘?gngﬂé:ﬁ?&sﬂﬁ?Y:l?a?fqnﬁﬁtqah 1 G s or
is susceptible ! i ] -gﬂ:%%' QN as
defined in clai 3&?%?%%?%&%?&%%@%6%@?%{%gg?%g%?a{iﬁgn%an fall(l:étﬂtﬂér}e of a
medi cament for suwbetaeeyt pragents ort traats doeljacdistdsam thdingeand, théDrevdatiomoror di ng

to claim4l, wherein a_therapeutic ent for, preventing or treatipng
coel i ac di seasem?agmﬁr&lﬂf RPStaE CEasedn gati%{‘%tit@g%ﬂisﬁ%l?eelﬁ adhyappeytc Hf%ﬁﬁ%e has
been di agnosed in said individual by a nethod as defined in claim1l1 or

claim40. 1 April 2004
39. A therapeutic product as identified in the method of claim 38 for use in 2 method

of preventing or treating coeliac disease.

40. A method of diagnosing coeliac disease, or susceptibility to coeliac disease in an
individual comprising administering an agent as defined in claim 1 and
deteirmining in vive or in vitro whether T cells in the individual recognise the
agent, recognition of the agent indicating that the individual has or is susceptible

to coeliac disease.

41. Use of an agent or composition as defined in claim 1 or any one of claims 26 to
28, for the manufacture of a medicament for preventing or treating coeliac

disease.

42.  Use according to claim 41, wherein a therapeutic agent for preventing or
treating coeliac disease is administered to an individual after coeliac disease
has been diagnosed in said individual by a method as defined in claim 1 or

claim 40.



WO 01/ 25793 PCT/ GB00103760 -65 43. A cell according to clai m g Vi}gtpﬁh is a
ccell. of a gram naceous nonocotyl edonous species. 44. A cell ¥ 6 to

. claim43 which is a cell of wheat, maize, oats, rye, rice, barley,. :
triticale, sorghum or sugar cane. 45. A process for the oductlon of a
protei n ¥RBHEI by a coding sequence as defined in cl ai r&i B0 pr ocess
“-conprises: (a) cultivating a cell according to any one of cl ai s 35,. 36,

43 ‘or. 44 under conditi‘ons that allo®Pthe expre55| on of the protein; and .
optionally recovering the expr essed protein. 46. A nethod of obtaining a
transgenic plant cell comprising: (a) transforning a plant cell with a

vect or accordl to claim34 t enic plant cell. 47. -A net hod
of obt ai® ng Aa Jespr db%tgr iaf"inoﬁ ‘?bﬁﬁésgae?ﬁh&%ﬁl HHORGWHF i si ng: (b) o
“regenerating :ﬁ‘o&oc X [=aTHoY s?E@i@st. cell transformed with a vector according

to claim34 to give a tranSgenic plant. 48. A nethod of obtaining a -
transgenic plant seed conprising: (c) obt ai ning a'.transgenic seed froma -
transgeni c plant obtaijnabl e by step (b) claim47. 49. A method of

obt ai ni - a t4 &Ak FEATES WE‘pTVEWP %%?ﬁ%lr?fﬂhf@ts&ﬁl%ﬁ: RRtRgYS.r1ce,

second- gener gt i E ant froma first-generation '

t rausgenic 1ab 1%?'1&1&338%%@%]18‘?/%%}/ GB00/ 03760 -66- plant obtai nabl e by
a method according to claima47, and optionally obtaining transgenic pl ants .
of one or nore further generations fromthe second-generation progeny

plant thés ob&@rcweasfos@leprocmcﬁﬁ@ﬁ%p@mwmgdbbaép EPYMEREBST | Si ng and/ or -

| 'glng/n;)r (d) obéé;un (lhrgcl gfiwﬁ&%rgrgcegse&qngﬂsgsm a f| rst generatl on trausgenic

- (a) ' cultivating a céli according to any one of claims 35, 36, 43 or 44 under
conditions that allow the expression of the protein; and optionally
(b)  recovering the expressed protein.

46. A method of obtaiﬁjng a transgenic plant cell comprising:

(a) transformmg a plant cell Wlth a vector accordmg to claim 34 to nge a

ransgenic plant cell. .
47. . A method of obtaining a first-generation transgenic plant comprising:

®) '_ regenerating a transgenic plant cell transformed with a vector according *

" to claim 34 to give a transgenic plant.
48. A method of obtaiming 2 transgenic plant seed comprising:

(c)  obtaining a transgenic seed from a transgenic plant obtainable by step (b)

of claim 47.

49. A method of obtaining a transgenic progeny plant comprising obtaining a

second-generation transgenic progeny plant from a first-geperation transgenic



‘obt ai nabl e by- the nethod according to claim48, then thaininglé-ﬁéBBnd.~
generation transgeui c progeny plant fromthe transgeni.c seed; ( 3”_ 4
propagating clonally a first-generation transgenic plant obtainable by the . .
- nethod according to claim47 to give a second-generation progeny plant; - -
-crossi ng awbigs?gener ati on transgeni c pl ant obtai nabl e by r&mesladrso
~according to claim47 with another plant to give a second-generation (f)
~progeny plant; and optionally (g) obtg%%Lng transgeni ¢ progeny plants of

~one or nore further generations-" fromt'he second-generation progeny plant

t hus obtained. 51. At eni l,ant cell, plant, plant seed or. progeny -
- pl ant obt ai nabnga%ﬁéf{é&hﬁg'ﬁ&g@ggﬁa?%éngéé&lﬁk}?gh’eﬂ’@fqpé@aéﬁbo B0g 51. 52,
© 44. A transgeniygnpland plefts BE oM o586 fEARR desibom! Rdth teElebSn e HiN0 to
claim43 or 1 Apf)é.l RO D 01 2504 ceheritol s s RERAI geni e
~ plant cell cal |posgenyppant iusgbpiizedt cel | s according to claim43 or 44
~‘obtai nable froma transgenic plant cell, first-generation plant, plant seed
- or progeny as defined in any one of clainms 43, 44, or 46.to 50. 54. A

plant or ggl "U?e?l.%%%fﬁld“icg&df’%t?n%ﬁ%ﬂg‘? cg&‘.p%ggli.gms claim51, to 53 which is of

a species as Inc ‘A nmethod of obtaining a crop
‘product -conprising-harvesting a crop product -~ froma. plant according to any
~one of .claims 51 to .54 and optionally further processing-the harvested
product. 56. A{#kt hobtaresediangens @pérﬁm%fmmmqmmgm@ piagt a wheat

- plant and the " harvegted.cr roduct is grajn. .optionally further ° -
- -processed. into fl ourO%lt“)arm %ﬁ%ﬁﬁgr %&gﬁlacﬁf’%&fc{q dl@‘fméA%E%oﬁxﬂPﬂﬁﬁ cond-.
obtai-nabl e by a net hedeaasOtaispenit prodedy Flanbfrdf B8 wansgenic seed;

- and/or

“ (e ﬁ_ropagating clonally a ﬁrSt—generétioh transgenic plant obtainable by the -

method ‘accordirig to claim 47 to give a second-generation progeny plant; -
and/or
(f)  crossing a first-generation tra.nsgeﬁ.ic plant obtainable by a method
~ according to claim 47 with ﬁnbther plan-t. to give a second-generation
progeny plant; ' |
| ~ and optionally
(2) . obtaining transgenic progeny plants of one or more further generations-

from the second-generation progeny plant thus obtained.

5. A tranSgenic plant cell, plant, plant seed or progeny plant obtainable by a method

according to ziny- one of claims 46 to 51.

52. A transgenic plant or plant seed comprising plalit cells accord'mé to claim 43 or
44 o |

T &g



~ 58. A food that conprises a protein as defined in any cl-ai m19I R“l%@o 59. A -
» food according to claim58 in which a protein as defined in cl'di'h %r 20
- is used instead of wild-type gliadin. - o ,

WO 01/25793 ' " | : PCT/GB00/03760

- -67-

53. A transgenic plant cell callus coraprising plant cells according to claim 43 or 44
thainhble from a transgenic plant cell, first-generation plant, plant seed or progeny as

defined in any one of claims 43, 44, or 46 to 50.

54. A plant or callus according to any one of claims claim 51 to 53 which is of a

species as defined in claim 43 or a4 -

55. A method of obtaining a crop product comprising harvesting a crop product

frdm a plant according to any one of claims 51 10 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- ¢rop product is grain; optionally further proceséed into flour or another grain
| prdduct. | - - - |

57. Acrop produd obtainable by a method ﬁcc;ord-ing to claim 55 or 56. .

58. A food that comprises a protein as defined in any claim 19 or 20.

59. A food according to claim 58 in which 2 protein as defined in claim 19 or 20

is used instead of wild-type gliadin.”



